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Your  sons,  husbands  and  brothers 
who  are  standing  today  upon  the 
battlefronts  are  fighting  for 
more  than  victory  in  war.  They 
are  fighting  for  a new  world  of 
freedom  and  peace. 


We,  upon  whom  has  been  placed 
the  responsibility  of  leading 
the  American  forces,  appeal  to 
you  with  all  possible  earnest- 
ness to  invest  in  War  Bonds  to 
the  fullest  extent  of  your 
capacity. 


Give  us  not  only  the  needed  im- 
plements of  war,  but  the  assur- 
ance and  backing  of  a united 
people  so  necessary  to  hasten 
the  victory  and  speed  the  return 
of  your  fighting  men. 
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SENSITIVE  SATURABLE  INDUCTORS 


May  we  cooperate  with  you  on  design  savings  for  your  applications.. .wnr  or  postwar? 


Min.  Mean 

SCREW  SETTING 


HQA  AND  HQB  HIGH  Q INDUCTORS 

This  series  of  toroid  wound  high  stability  in- 
ductors are  available  from  5 Mhy.  to  2 Hys. 
Voltage  stability  is  excellent,  hum  pickup  is 
very  low.  Temperature  effects  are  negligible. 
HQA  units  1-13/16"  in  diameter  by  1-3/16" 
hiah. 


UTC  Saturable  Inductors  cover  a wide  range 
of  application  for  magnetic  amplification  and 
control.  These  units  are  supplied  to  specific 
requirements.  The  curve  shown  illustrates  a 
high  sensitive  type,  showing  DC  saturation 
vs.  AC  watts  into  load. 


POWER  SUPPLY  INDUCTORS 


UTC  supplies  power  supply  components  for 
every  type  of  application,  ranging  from  a one- 
third  ounce  reactor,  which  measures  %"  x 
7/16'  x Vc" . to  the  10,000  pound,  broadcast 
station,  plate  supply  reactor,  illustrated. 
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TYPE  VI  -C  VARIABLE  INDUCTORS 


These  inductors  are  available  in  optimum 
values  from  10  Mhy.  to  10  Hys.  They  are  tun- 
able over  a wide  range  by  inserting  an  Allen 
Head  wrench  in  the  adjusting  screw.  Units 
measure  1 Vi"  x 1-7/16"  x 1-7/16". 
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U.  S.  Army  photo  shows  how  handie-talkie  facilitates  amphibious  landings 
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TALK 

► FM’s  FUTURE  . . . FCC’s  decision  to  postpone  final 
allocation  of  f-m  channels  until  fall,  as  reported  else- 
where in  this  issue,  has  a background  of  controversy 
which  deserves  most  careful  analysis.  The  debate 
started,  last  year,  as  a technical  argument  concerning 
v-h-f  propagation,  a field  where  differences  of  opinion 
are  the  rule — not  the  exception.  Since  the  economic 
aspects  of  fm  were  involved,  the  argument  quickly 
broadened  to  include  questions  of  public  and  private 
investment.  The  economic  arguments  were  two:  (1) 
any  change  in  the  f-m  band  would  make  obsolete  equip- 
ment in  public  hands  and  (2)  any  change  would  de- 
preciate, if  not  wholly  wipe  out,  the  broadcasters’  in- 
vestment in  existing  f-m  stations. 

First,  the  public  investment:  if  a set  owner  wishes 
to  retain  his  pre-war  f-m  set  to  receive  fm  on  any 
new  band,  he  has  to  install  a simple  converter.  More- 
over, such  a converter  is  required,  in  any  event,  to 
cover  extension  of  the  existing  f-m  band  to  provide 
more  channels  for  a nationwide,  competitive  system. 
The  necessity  for  such  extension  has  never  been  in 
question  at  any  stage  of  the  discussion. 

Second,  the  broadcasters’  investment:  at  the  begin- 
ning of  the  controversy,  the  broadcaster  may  well  have 
believed  that  by  insisting  on  retention  of  the  present 
band  he  could  preserve  his  investment  intact.  But 
bere,  again,  technical  judgment  has  indicated  other- 
wise. It  is  now  agreed,  by  all  parties  to  the  argument, 
that  high-power  f-m  broadcasting  stations  should 
move  above  60  Me  to  avoid  F,-layer  interference. 
Since  all  present  allocations  are  below  50  Me,  this 
means  that  all  high-power  statoins  (50-kw  and  10-kw 
power)  must  move  in  any  event.  These  stations  repre- 
sent a very  large  part  of  the  broadcasters’  present  in- 
vestment. 

In  short,  as  far  as  investment  is  concerned,  public 
or  private,  additional  costs  must  be  borne  to  allow  fm 
to  expand. 

The  remaining  items  of  controversy  are  technical: 
what  is  the  effect  of  frequency,  over  the  range  from  44 
to  108  Me,  on  (1)  the  extent  of  the  several  forms  of 
interference  and  (2)  the  coverage  afforded?  Here, 


also,  there  is  much  more  general  agreement  than 
appeared  earlier  in  the  year.  As  noted,  there  is  agree- 
ment that  F,  reflections  may  give  trouble,  during  the 
sunspot  maximum,  at  the  lower  frequencies,  between 
high  power  stations.  The  argument  turns  on  a matter 
of  degree:  where  in  the  region  between  44  and  108 
Me  will  the  interference  cease  to  ..be  troublesome? 
Major  Armstrong  believes  that  the  trouble  will  be 
negligible  above  60  Me.  He  favors  the  lowest  of  the 
three  FCC  alternative  bands,  50-68  Me,  with  the  high 


power  stations  in  the  upper  10  Me  of  that  range. 
E-layer  reflections  are  now  discounted  as  being  of 
negligible  importance  compared  to  the  F,  reflections 
and  those  from  the  troposphere.  As  for  tropospheric 
effects,  experience  has  indicated  that  they  become 
more  serious  as  the  frequency  increases.  Further 
study  this  summer  will  establish  the  facts. 

The  matter  of  coverage  seems  to  favor  the  lower 
frequencies,  but  not  unalterably  so.  High  transmit- 
ting power  is  harder  to  get  at  108  Me  than  at  44,  but 
our  guess  is  that,  with  tubes  shortly  to  become  avail- 
able, 50  kw  can  be  obtained  anywhere  in  this  band- 
The ’question  of  field  strength  washes  out.  The  volts- 
per-meter  are  higher  as  the  frequency  goes  up  but  the 
length  of  the  antenna  decreases  in  proportion,  so  the 
developed  voltage  at  the  receiver  terminals  remains 
fixed  for  a given  transmitter  power,  so  long  as  free- 
space  propagation  is  considered. 

’ The  effect  of  the  earth’s  surface  on  propagation  is, 
of  course,  pronounced.  Further  measurements  are 
needed  to  establish  the  extent  of  absorption  effects,  but 
the  diffraction  effects  are  fairly  evident.  Shadows  are 
sharper,  and  the  diminution  of  signal  strength  beyond 
the  horizon  more  rapid,  as  the  frequency  is  increased. 
These  matters  can  be  proved  in  the  coming  months. 

On  the  FVlayer  question,  unfortunately,  no  proof 
can  be  forthcoming  until  the  next  sunspot  maximum. 
In  the  meantime  we  must  guess,  by  extrapolation  from 
previous  experience,  what  the  effects  will  be.  Of 
course  the  extrapolation  procedure  must  be  scrutinized 
with  the  greatest  care,  without  professional  bias  or 
personal  rancor,  if  we  are  to  make  a sound  estimate. 
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Final  FCC 

25-30,000  Me  Allocations 


o N May  17  the  Federal  Com- 
munications Commission  announced 
final  frequency  allocations  for  that 
portion  of  the  radio  spectrum  ly- 
ing between  25  and  30,000  Me. 
( Proposed  allocations  for  the  range 
between  10  and  25,000  kc  were  re- 
leased May  21  and  appear  in  the 
News  of  the  Industry  department 
of  this  issue  of  ELECTRONICS.)  In 
the  final  allocations  the  frequencies 
between  44  and  108  Me  were  left 
unassigned  pending  the  outcome  of 
measurements  and  tests  of  f-m 
transmission. 

FM  Held  Up 

The  unassigned  space  between 
44  and  108  Me  will  ultimately  pro- 
vide a total  of  36  Me  for  television, 
18  for  fm,  4 for  amateurs,  4 for 
non-government  fixed  and  mobile 


services,  and  2 for  facsimile.  The 
precise  allocation  within  this  re- 
gion remains  undecided  but  the 
Commission  indicates  three  possible 
alternatives  which  turn  upon  the 
exact  location  of  fm.  The  three  al- 
ternatives would  place  that  service 
between  50  and  68  Me,  between  68 
and  86  Me,  or  between  84  and  102 
Me. 

A joint  committee  composed  of 
Commission  and  industry  engineers 
will  conduct  tests  during  the  sum- 
mer, when  sporadic-E  tranmis- 
sions  are  expected  to  be  at  their 
maximum,  to  determine  which  of 
the  three  alternatives  is  most  de- 
sirable. 

The  25  to  30,000-Mc  allocations 
will  be  ordered  into  effect  service 
by  service,  with  the  Commission 
taking  into  account  such  factors  as 


the  availability  of  manpower  and 
materials  and  the  preparation  of 
rules  and  standards.  It  is  pointed 
out  that  all  non-government  services 
above  450  Me  are  to  be  established 
on  an  experimental  basis  pending 
adequate  showing  as  to  need  and 
technical  requirements.  It  is  also 
pointed  out  that  allocations  are  sub- 
ject to  change  if  this  becomes  neces- 
sary in  order  to  conform  to  the 
provisions  of  international  agree- 
ments such  as  those  which  may  be 
made  at  the  forthcoming  Inter- 
American  Conference  in  Rio  de 
Janeiro. 

Allocations  vs.  Proposals 

Study  of  the  final  allocations  dis- 
closed three  principle  changes  from 
the  Commission’s  proposal  of  last 
January : 

The  band  in  the  27-Mc  region, 
available  for  scientific,  industrial 
and  medical  devices  including  dia- 
thermy machines,  was  enlarged 
from  the  30-kc  channel  width  orig- 
inally proposed  to  270  kc. 

Television  has  been  assigned  a 
thirteenth  channel  between  174 
and  180  Me.  In  the  original  pro- 
posal this  channel  had  been  as- 
signed to  air  navigation  aids. 

In  the 'original  proposal  6 Me  was 
left  unassigned,  for  ultimate  use 
by  television,  fm,  facsimile  or  the 
safety  services,  upon  a showing  of 
need.  In  the  final  allocations  this  6 
Me  is  definitely  assigned.  Initially, 
2 Me  will  be  available  for  facsimile 
exclusively,  contiguous  to  the  18-Mc 
wide  f-m  assignment,  wherever  f-m 
is  placed.  Manufacturers  of  f-m 
receivers  are  urged  to  include  the 
2 Me  in  the  tuning  range,  since 
ultimately  facsimile  service  may  be 
shifted  above  400  Me  and  the  2 Me 
would  in  this  case  be  assigned  to 
f-m.  (As  in  the  original  proposal, 
facsimile  may  also  be  transmitted 
by  f-m  stations  when  they  are  not 
rendering  aural  service.)  The  re- 
maining originally  unassigned  4 
Me  is  made  available  to  the  safety 
services.— W.  MacD. 
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44-41 
41-10 
50  64 
54-61 
61-74 
7 1-71 
71-14 

• 4-00 
00-06 
06-101 
101-101 

44-SO 
60-66 
66-60 
60-66 
66-60 
61-71 
71-16 
06-01 
01-00 
01  104 
104-101 

44-60 
50-64 
64-60 
60-66 
66  71 
71-70 
71  14 
■ 4-11 

• I 101 
101  104 
104  101 


THREE  ALTERNATIVE  ALLOCATION  PROPOSALS  FOR  44-108  MC 
United  States 
Allocation 

Amateur 
Facsimile 

EDUCATIONAL  F-M  BROADCASTING 
COMMERCIAL  F-M  BROADCASTING 
Teleview* 

Nn-t»v.  fi*»l  ir!  nsWIe  (t)  (3) 

Television  fixed  and  mobile  (1) 

Television  fixed  and  mobile  ill 
Television  fixed  and  mobile  ill 
Television  fixed  and  mobile  (1) 

Television  fixed  and  mobile  (1) 

Television  fixed  and  mobile  (1) 

Television  fixed  and  mobile  (1) 

Amateur 

Television  fixed  and  mobile  (1) 

Facsimile 

EDUCATIONAL  F-M  BROADCASTING 
COMMERCIAL  F-M  BROADCASTING  («) 

Television 

Television  fixed  and  mobile  (1) 

Television  fixed  and  mobile  (1) 

Non-asv.  fixed  and  mobile  (3) 

Television  fixed  and  mobile  (t) 

Amateur 

Television  fixed  and  mobile  (1) 

Televjsjon  fixed  and  mobile  (1) 

Television  fixed  and  mobile  (1) 

Television  fixed  and^mobile  (1) 

Television  broadcasting 

EDUCATIONAL  F-M  BROADCASTING 
COMMERCIAL  F-M  BROADCASTING 
Facsimile 

Non-gov . fixed  and  mobile  (3) 


Proposed  lataraatloaal 
Allocatiea 

Amateur 
Broadcasting 
Broadcasting 
Broadcasting 

Broadcasting  Fixed  and  mobile 
Fixed  snd  mobile  exceot  aero.  (2)  (3) 
Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 

Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 
Amateur 

Broadcasting  fixed  and  mobile  (1) 
Broadcasting 
Broadcasting 
Broadcasting  f2) 

Broadcasting  fixed  and  mobile 
Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 
Fixed  and  mobile  except  aero.  (3) 

Broadcasting  fixed  and  mobile  (1) 
Amateur 

Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1) 
Broadcasting  fixed  and  mobile  (1)  (2) 
Broadcasting  fixed  and  mobile 
Broadcasting 
Broadcasting 
Broadcasting 

Fixed  and  mobile  except  aero.  (3) 

NOTES 

(1)  Provision  may  be  made  for  the  operation  of  non-qovernmental  fixed  and  mobile  services 
(such  as  police  control  and  relay  circuits,  point-to-point  marine  control  circuits  forestry  fixed 
circuits,  rural  telephone,  broadcast  studio-to-transmitter  links,  railroad  terminal  and  yard 
operations)  upon  proper  showing  of  need,  and  that  such  channels  may  be  shared  on  a 
mutually  non-interferina  basis. 

(2)  Aeronautical  markers  to  remain  on  75  Me  with  adequate  guard  bands  as  lonq  as  reouireH 

or  until  moved  to  another  suitable  frequency.  H 

(3)  On  the  basis  of  an  average  channel  width  of  50  kc  in  this  4-Mc  wide  band  there  will  be 

36  channels  for  police,  12  channels  for  fire,  10  channels  for  special  emergency  including  highway 
maintenance  (provisional),  8 channels  for  forestry  and  conservation.  6 channels  for  urban 
transit,  forestry  and  conservation,  6 channels  for  power,  petroleum  and  other  industries  reauirino 
similar  radio  service,  and  2 channels  for  provisional  and  experimental.  M 9 
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Assignments  subject  to  change  only  in  the  event  that  subsequent  mternational  agreements 
reouhe  it  Region  between  44  and  108  Me  left  unassigned  so  that  performance  of  fm  at 
three  different  frequencies  within  this  range  may  be  further  studied.  Allocations  above 
450  Me  are  considered  experimental 


Fm  United  States 

j„  Me  Allocation 

t5.OIS-I7.1M  Gov.  and  non-»ov.  lixod  and  mobile  (*)  (D 

17  115-37.455  Scientific,  industrial lend  M 

liJtSS-M  Gov.  end  non-fov.  fixed  and  mobile  <*>  (1) 

M.ro»7J0  Gov.  and  non-tov.  fixed  and  mobile  (*)  (O 

30- 30.S  Government  (3) 

I0.S-3S  Non-gov.  fixed  and  mobile  (3)  (3) 

31- 31  Government  (3) 

33_34  Non-fov.  fixed  and  mobile  (3)  (3) 

34  35  Government  (3)  ...  ... 

31-36  Non-tov.  fixed  and  mobile  (8)  (3) 

34-37  Government  (3) 

37-34  Non-tov.  fixed  and  mobile  (8)  (3) 

31  39  Government  (3) 

39- 40  Non-tov.  fixed  and  mobile  (3)  (3| 

40- 40.94  Government  (3)  ...  ... 

40.96-41  Scientific,  industrial  and  medical 

41- 4*  Government  (3) 

43.44  Non-tov.  fixed  and  mobile  (8)  (4) 


Proposed  International 
Allocation 

Fixed  and  mobile  except  aero,  and 

Scientific,  industrial  and  medical  (**) 
Fixed  and  mobile,  except  mari- 

time (*) 

Amateur  . 

Fixed  and  mobile  except  mari- 
time (*)  . . ... 

Fixed  and  mobile  except  aero.  (2) 
Fixed  and  mobile  except  aero. 

Fixed  and  mobile  except  aero.  (2) 
Fixed  and  mobile  except  aero. 

Fixed  and  mobile  except  aefo.  (2) 
Fixed  and  mobile  except  aero.  (2) 
Fixed  and  mobile  except  aero.  (2) 
Fixed  and  mobile  except  aero. 

FixeiVnchiiobile  except  aero.  (2) 
Fixed  and  mobile  except  aero. 

Fixed  and  mobile  except  aero.  (2) 
Scientific,  industrial  and  medical 
Fixed  and  mobile  except  aero.  (2) 
Fixed  and  mobile  except  aero. 

(2)  (4) 


SEE  THREE  ALTERNATIVE  ALLOCATION  PROPOSALS  FOR  FREQUENCIES 
BETWEEN  44  MC  AND  108  MC 


101-111 

113-118 

118-131 

133-133 

113-144 

144-148 

148-1  S3 

1S1-163 

163-174 

174-180 

189-186 

186-193 

193-198 

198  304 

104  310 

310-316 

*16-330 

330-135 

315-338.6 

3384-335.4 

335,4-400 

400-430 

410-450 

450-460 

460-470 

470-480 

480-930 

930-940 

940-960 

960-1145 

1145-1345 

1345-1335 

1315-1375 

1375-1600 

1600-1700 

1700-1750 

1750-3100 

3100-3300 

3300-1450 

3450-1700 

3700-3900 

3900-3700 

3700-3900 

3900-4400 

4400-5000 

5000-5350 

5350  5650 
5650-7050 
7050  8500 
•500-10000 
10000  10500 
10500-13000  - 
13000-16000 
14000-18000 
11000  31 000 
31000  33000 
*3000-36000 
*6000-30000 
30000-Up 


Government 
Government 
Airport  control  a 

Aero  mobile  primarily  non-*ov. 

Government 

Amateur 

Government 

Non-«ov.  fixed  and  mobile  (S| 
Government 

Television  and  tovernment 
Television  end  eovernment 
Television  fixed  end  mobile  (6) 

Television  fixed  and  mobile  (4) 

Television  fixed  and  mobile  (4) 

Television  fixed  and  mobile  (6) 

Television  fixed  and  mobile  (6) 
Government 

Amateur  ...  ■ 

Military,  and  civil  aviation  channels 
Glide  path  air  navigation  aids 
Military,  and  civil  aviation  channels 
Government,  indudinv  radiosonde 

Amateur  and  air  navisation  (7) 

Non-jov.  fixed  and  mobile  (8) 

Gtixen's  radio 
Facsimjle  broadcasting 
Television 

Experimental  broadcast  services  . 

Fixed  and  experimental  broadcastins  |9| 
Navisation  aids 
Amateur 
Television  relay 

Non-sov.  fixed  and  mobile  indudins  oer« 

Government 

Air  navigation  aids 

Meteorological 

Non-sov.  fixed  and  mobile 

Government 

Amateur 

Non-sov.  fixed  and  mobile 
Meteorolosical  and  air  navisation 

Navisation  aids  _ 

Air  navisation  aids 
Non-sov.  fixed  and  mobile 
Government  , 

Instrument  landins  air  navisation  a'ds 

Amateur 

Non-sov.  fixed  and  mobile 

Government 

Government 

Amateur 

Non-sov.  fixed  and  mobile 
Government 

Non-sov.  fixed  and  mobile 

Government 

Amateur 

Government  , 

Non-sov.  fixed  and  mobile 
Experimental 


Air  navigation  localiiers 
Air  navisation  ranges 
Aero,  mobile  airport  control 
Aero,  mobile 
Fixed  and  aero,  mobile 
Amateur 

Fixed  and  aero,  mobile 

Fixed  and  mobile  except  aero.  (5) 
Fixed  and  mobile 
Broadcasting  fixed  and  mobi  a 
Broadcasting  fixed  and  mobile 
Broadcasting  ixed  and  mob.  e (6) 
Broadcasting  fixed  and  mobi  e (6) 
Broadcasting  fixed  and  mobi  e (6) 
Broadcasting  fixed  and  mobi  e Kb) 
Broadcasting  fixed  and  mobile  16) 
Fixed  and  mobile 
Amateur 

Fixed  and  mobile 

Glide  path  air  navigation  aids 

Fixed  and  mobile 

Fixed  and  mobile,  including  radio- 
sonde 

Air  navigation  and  amateur  (7) 

Air  navigation  (8) 

Fixed  and  mobile 
Broadcasting 
Broadcasting 
Broadcasting 

Fixed  and  broadcasting  (9) 
Navigation  aids 
Amateur 

Fixed  and  mobile  except  aero. 

Fixed  and  mobile 
Fixed  and  mobile 

Air  navigation  aids 

Meteorological 

Fixed  and  mobile  except  aero. 

Fixed  and  mobile 
Amateur 

Fixed  and  mobile  except  aero. 
Meteorological  and  air  navigation 
aids 

Navigation  aids 
Air  navigation  aids 
Fixed  and  mobile  except  aero. 
Fixed  and  mobile  . . 

lralrum.nl  landina  •»  navisation 
aids 

Amateur 

Fixed  and  mobile  except  aero. 
Fixed  and  mobile 
Soecial  navigation  aids 
Amateur 

Fixed  and  mobile  except  aero. 

Fixed  and  mobile 

Fixed  and  mobile  except  aero. 

Fixed  and  mobile 

Amateur 

Fixed  and  mobile 

Fixed  and  mobile  except  aero. 

Experimental 


NOTES 

(•)  Power  to  be  limited  Internationally 
to  500  watts  peak.  A . . 

All  equipment  to  be  adjusted  and 
maintain.!*  a.  cloi.ly  as  pouibla  to  27  320 

(1)  On  th.  basil  of  an  average  channel 
width  of  25  kc  in  th.  band  between  25 
and  25  Me  th.r.  will  b.  24  relay  broad- 
cast and  geophysical  channels,  i2  channels 
for  power,  patrolaum  and  othar  Industrial 
requiring  similar  radio  service,  10  pro- 
visional and  experimental  channais.  7 
aaronautlcal  channais  primarily  for  flight 
fasts  and  flying  schools,  and  4 relay  press 
and  motion  picture  channels. 

(2)  No  change  proposed  in  existing *•"- 

Ices  between  30  and  44  Me  outslda  tha 
continental  United  States.  . 

(3)  On  tha  balls  of  an  initial  channel 
width  of  40  kc  In  tha  band  between  30  and 
40  Me  there  will  be  34  police  channel,  27 
channels  for  forestry  and  conservatli on  14 
of  them  shared  with  maritime  mobile  end 
another  4 shared  with  urban  transit)  20 
channels  for  general  highway  mobll.  (for 
all  types  of  service  such  ** 

vehicles,  aircraft,  etc.:  ponding  final  a«- 
termination  of  the  best  method  of  opera- 
tion theta  channe  l wl,'bV  *" 

experimental  basis,  with  12  channels  as 
signed  to  development  on  a common  car- 
rier basis,  4 going  to  trucks  and^j  going 
to  buses,  except  in  those  cases  where  it  is 
shown  that  a different  distribution  Is  more 
desirable).  IS  channels  for  fire  I for  gov- 
ernment use,  7 for  power,  patrotoumand 
other  industries  requiring  similar  radio 
service,  4 for  special  emergency,  5 for 
maritime  mobile  and  geophysical,  5 for 
urban  transit,  provisional  ^ 
mental  2 for  provisional  and  •iperlmenrai. 
Md  2 for  provisional  and  experimental 
with  antenna  Input  limited  to  5 w*,to  P***: 

(4)  On  th.  basis  of  an  av.rag.  channel 
width  Initially  oj i 40 I kc  *h*  bt°20n£ 
tween  42  and  44  Me  there  will  be  24  ponce 
channels.  20  general  hlghwaYmobll.chan. 
n.ls  (subject  to  the  same  division  as  gen 
eral  highway  mobile  service  J" 
maritime  mobll.  end  geoj^wlcel  chanMls. 
and  I provisional  and  axparlmantal  chan 

"*(5)  On  th*  basis  of  an  average  chan"*J 
width  of  40  kc  in  th*  band  between  152 
and  142  Me  there  will  be  M ohann.lt  for 
railroads  36  channels  for  police,  Z4  cnan 
n*ts  for  urban  mobll*  (subject  to  th* 
division  as  general  highway  mob»*  s*rv«c* 
in  not*s  3 and  4)  and  for  rural  subscrlb*r 
and  short-distanc*  toll  telephone,  12  for 
fir*,  12  for  r.lay  broadcast.  I Jor  mafWm# 

4 fi”  relay  press,  forestry,  conservation 
and  geophysical,  and  4 for  provMoiiaj  *»d 
experimental.  Services  now  operating  be- 
tween 154  and  142  Me  may  contln".  t.m 
porarily  on  a non-interfering  basis. 

(4)  Provision  may  b.  mad*  fo' 
atlon  of  non-governmental  fix*d  and  mo 
bll*  services  (such  as  polic*  control  and 
r*lay  circuits,  point-to-point,  marina  con- 
tro*Tcfrculh"  forestry  fixed  circuit,  rum 

telepfiona,  broadcast  studio-to- transmitter 
link.,  railroad  terminal  e"<l  yard  opera 
Hons)  upon  proper  showing  of  need,  ana 
that  such  channels  may  b*.  ,h*r,<l 

;V"-foreX  for  special 

(8)  To  be  temporarily  used  for  special 
all  navigation  aid.  and  reserved _ non- 
government services  whan  no  long.r  re- 
qnired  for  such  aids.  , 

ret  Mrv  be  used  by  low-power  fixed 

and  police  fixed  facsimile  circuits. 
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Broadcast  Band! 

Use  of  boosters  to  fill  in  dead  spots  or  extend  coverage  when  a directional  antenna  system 
is  not  feasible.  The  unattended  booster  transmitter  may  be  fed  by  r-f  line  as  with  WWDC 
or  by  space  radiation  as  with  WINX,  using  standard  telephone  lines  for  remote  control  j 


Much  interest  has  been  ex- 
hibited recently  by  broad- 
cast engineers  in  a system  of  r-f 
signal  reinforcement  usually  known 
as  an  r-f  booster  or  a synchronous 
amplifier.  Since  late  1940  when  the 
system  was  first  used  in  connection 
with  a standard  broadcast  station, 
it  has  proved  both  practical  and  of 
considerable  benefit  in  the  improve- 
ment of  coverage  in  dead-spot  areas 
and  in  aiding  to  override  interfer- 
ence from  other  stations  operating 
on  the  same  or  adjacent  frequen- 
cies. 

Usn  for  Boosters 

The  use  of  a booster  system  is 
desirable  for  local-channel  stations 
that  are  limited  by  FCC  regulations 
to  250  watts  or  less  and  are  not  al- 
lowed to  use  a directional  antenna 


By 

ROSS  H.  BEVILLE 

Chief  Engineer 

Sfnfion  WWDC,  Washington,  D.  C. 

system,  and  for  other  stations 
even  with  directional  antennas,  to 
cover  adequately  an  urban  area 
having  high  noise  level  or  absorp- 
tion; WSAI  is  an  example.  A low- 
power  station  with  several  stra- 
gegically  located  boosters  can  pro- 
vide coverage  comparable  to  that 
of  a much  higher-power  station; 
such  a system  was  planned  for 
Worcester,  Mass,  but  was  shelved 
due  to  wartime  restrictions. 

Three  booster  systems  are  now 
in  operation,  two  being  in  Wash- 
ington, D.  C.  (WWDC  and  WINX) 
and  one  in  Cincinnati  (WSAI).  A 
construction  permit  has  been  au- 
thorized for  a fourth  system,  now 


under  construction  at  Ft.  Benning, 1 
Ga.,  that  will  be  operated  as  a 
satellite  of  WRBL  in  Columbus. 

How  Boosters  Function 

Basically,  an  r-f  booster  as  re- 
ferred to  here  is  nothing  more  than 
a linear  amplifier  receiving  excita- 
tion in  the  form  of  modulated  r-f 
power  from  the  main  transmitter 
and  reradiating  this  signal  by 
means  of  a suitable  antenna  system 
in  an  area  in  which  the  main  trans- 
mitter field  requires  reinforcement. 
The  difference  between  this  and 
earlier  work  done  in  the  synchron- 
ization of  broadcast  transmitters 
(WBZ  and  WBZA)  is  that  an  r-f 
booster  has  no  oscillator  or  other 
frequency  - generating  apparatus 
and  no  modulators.  It  is  automat- 
ically synchronous  due  to  the  fact 
that  it  receives  excitation  voltage 
from  the  output  of  the  main  trans- 
mitter and  does  not  require  modu- 
lation since  this  signal  is  already 
modulated. 

From  , a practical  standpoint  the 
booster  amplifier,  antenna  coupling 
unit  and  radiating  antenna  can  be 
conventional  in  every  respect,  the 
only  special  consideration  being 
that  the  booster  amplifier  be  linear 
and  very  low  in  noise  and  distor- 
tion percentage.  To  accomplish 
this,  all  stages  should  be  operated 
as  closely  to  class  A as  is  practical 
considering  the  power  output  re- 
quirements. 

Methods  of  Feeding  Boosters . 

Since  the  booster  transmitter 
must  be  a linear  amplifier  and  has 
no  frequency-generating  apparatus, 
some  means  must  be  provided  to 
deliver  a sample  of  the  modulated 
r-f  output  voltage  from  the  main 
transmitter  to  be  used  as  excitation 
voltage  at  the  input  of  the  booster 
amplifier.  This  can  be  done  by  land 


FIG.  1 — Calculated  Held  Intensity  contours  of  the  WWDC  main  transmitter 
(solid  lines)  and  booster  transmitter  (dash-dash  lines) 
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Satellite  Transmitters 


lines  extending  from  the  main 
transmitter  to  the  booster  or  by 
space  transmission  whereby  the  sig- 
nal from  the  main  transmitter  is 
received  at  the  booster  with  a di- 
rectional receiving  antenna.  A 
third  method  that  has  been  sug- 
gested is  modulation  of  a high-fre- 
quency relay  transmitter  with  am- 
plitude-modulated r-f  voltage  at  the 
main  transmitter,  with  subsequent 
demodulation  by  a receiver  at 
the  booster  end.  With  suitable 
amplification  this  signal  could  then 
he  reradiated  to  supply  reinforce- 
ment to  the  main  transmitter  field. 
There  is  some  question  as  to  the 
Practicability  of  this  method  due  to 
the  wide  channel  required  for  the 
relay  transmitter. 

Proposed  UHF  Uakt 

Many  standard  broadcast  sta- 
tions now  operating,  except  those 
on  dear  channels,  have  areas  where 
. aignal-to-noise  ratio  could  be 
improved  or  interference  condi- 
tions alleviated,  through  the  use 
unattended  satellite  transmit- 
ters, according  to  Howard  S.  Fra- 
rier  in  testimony  given  recently  be- 
ore  the  Federal  Communications 
mmissitm  and  abstracted  here : 

ul- 
the 
not 
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nor  to  the  developmenl 
„ ^'frequency  techniqu. 
®e  of  satellite  transmitters  ' 


been  general  due  to  the  complex- 
ities of  the  equipment  usually  em- 
ployed for  the  interconnecting  con- 
trol circuit  and  the  economic  fac- 
tors involved.  However,  it  is  now 
believed  practical  to  provide  the 
connecting  circuit  between  the  con- 
trolling standard  transmitter  and 
the  unattended  satellite  by  the  use 
of  ultrahigh-frequency  radio  chan- 
nels. 

“It  is  proposed  to  use  a very 
small  portion  of  the  antenna  car- 
rier current  from  the  controlling 
transmitters  for  the  double-side- 
band  amplitude  modulation  of  the 
high-frequency  transmitter.  The 
audio  program  would  be  present  as 
secondary  modulation.  At  the  un- 
attended satellite  a high-frequency 
receiver  would  eliminate  the  high- 
frequency  component  and  the  re- 
sultant broadcast-frequency  car- 
rier would  be  amplified  in  order  to 
drive  the  antenna  of  the  satellite.. 
It  is  proposed  to  use  highly  direc- 
tive antennas  with  both  the  trans- 
mitter and  the  receiver. 

“Equipment  for  this  service 
should  be  inexpensive  and  not  com- 
plicated from  a technical  stand- 
point. Some  manufacturers  have 
already  had  experience  with  equip- 
ment of  this  type  in  connection 
with  other  services.  It  is  recog- 
nized that  the  location  of  satellite 
transmitters  should  be  based  on 


Left  — WWDC  main  transmitter,  with 
booster  control  panel  mounted  on  the  right 
side  of  the  cabinet 

Right — WWDC  booster  transmitter,  unat- 
tended and  operated  by  remote  control 
from  the  main  station 


sound  engineering  practice  and 
that  the  location  of  the  satellite 
and  the  amount  of  power  radiated 
should  be  such  that  mush  areas 
would  be  reduced  to  a minimum 
and  would  occur  in  areas  where  few 
listeners  are  located.” 

WWDC  Booster  Uses  Land-Line  Feed 

In  the  case  of  WWDC,  land-line 
feed  is  used  exclusively.  Original 
calculations  showed  that  if  the 

main  250-watt  transmitter  were 
located  in  the  business  area  of 
downtown  Washington,  the  field 
strength  in  Northwest  Washing- 
ton, Chevy  Chase,  Maryland  and 
Silver  Spring,  Maryland  would  be 
inadequate  for  proper  coverage.  It 
was  obvious  that  the  booster  should 
be  located  near  this  area  and  a site 
was  selected  common  to  these 
points,  approximately  half-way 
between  Silver  Spring  and  Chevy 
Chase  and  just  off  the  East-West 
Highway. 

Then  came  one  of  the  problems 
of  this  installation,  routing  of  the 
r-f  feed  line  from  the  main  trans- 
mitter to  this  point.  It  was  simpli- 
fied to  some  extent  by  the  avail- 
ability of  Western  Union  telegraph 
pole  facilities  along  the  B & 0 rail- 
road right-of-way  from  the  Wash- 
ington Terminal  to  Silver  Spring, 
a run  of  slightly  more  than  six 
miles. 

From  Silver  Spring  over  to  the 
booster  site  was  around  2.5  miles 
and  from  the  Washington  terminus 
of  the  Western  Union  facilities  to 
the  site  selected  for  the  main  trans- 
mitter was  a little  over  one  mile. 
The  problem  of  covering  this  latter 
span  was  a little  more  complex 
since  no  overhead  facilities  were 
available  from  the  main  trans- 
mitter to  the  Washington  railroad 
yards. 

It  was  planned  to  construct  a 
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special  open-wire  transmission  line 
on  Western  Union  poles  from  the 
Washington  railroad  yards  to  the 
booster,  following  the  B & O rail- 
road to  Silver  Spring  and  then 
from  there  along  East-West  High- 
way on  telephone  line  poles.  This 
was  arranged,  but  for  the . span 
from  the  main  transmitter  to  the 
Washington  railroad  yards  there 
was  very  little  choice  other  than  to 
use  the  underground  cable  facili- 
ties of  Western  Union.  This  was 
a standard  No.  19  gage  26-pair 
lead  cable  of  which  the  majority  of 
the  pairs  were  already  in  use  by 
Western  Union. 

No  special  treatment  was  given 
the  cable  other  than  to  select  the 
best  available  pair  after  noise  and 
leakage  tests  were  made  on  the 
pairs  open  for  use.  The  length  of 
this  cable  is  7,762  feet  and,  sur- 


db.  Approximately  29  watts  is  fed 
into  the  line  from  the  final  stage 
of  the  main  transmitter,  with  ap- 
proximately 2 millivolts  being  re- 
ceived at  the  booster  end. 

Coupling  of  the  line  to  the  main 
transmitter  is  accomplished  by 
means  of  a variable  capacitance 
which  also  provides  a means  for 
varying  the  amount  of  power  fed 
into  the  line.  A suitable  matching 
transformer  is  used  to  couple  the 
170-ohm  cable  pair  into  the  700- 
ohm  open  wire  transmission  line. 
At  the  booster  end,  the  line  is  ter- 
minated into  a 700-ohm  network, 
the  output  of  which  is  link- 
coupled  to  the  first  stage  of  the 
transmitter. 

Booster  Amplifier  Oesiga 

A modified  Western  Electric 
model  310B  transmitter  serves  as 


stage  to  give  better  coupling  ir 
the  phasing  network,  and  avc  w 
added  to  the  first  stage  to  compe 
sate  for  minor  variations  in  excit 
tion  voltage. 

For  an  audio  monitor,  the  mod 
lation  amplifier  was  utilized  ai 
now  supplies  power  not  only  to  tl 
monitor  speaker  but  also  to  a lii 
extending  to  the  main  transmitb 
for  monitor  purposes.  The  fin 
stage  is  coupled  in  a convention 
manner  to  a 150-foot  Lehigh  towe 

Figure  1 shows  the  calculate 
contours  of  both  the  main  an 
booster  transmitters.  Measun 
ments  have  shown,  however,  the 
the  radiation  efficiency  of  th 
booster  antenna  is  not  quite  a 
great  as  calculated  due  to  a limite 
ground  system.  *• 

Remote  Control  Equipment 


prisingly,  the  loss  along  this  por- 
tion of  the  line  is  less  than  would 
normally  be  expected  at  this  fre- 
quency (1450  kc).  To  date  no 
difficulty  has  developed  due  to  in- 
duction or  cross-modulation  effects. 

The  open-wire  portion  of  the  line 
consists  of  miles  of  No.  9 copper 
wire  spaced  10.25  inches  apart, 
presenting  an  approximate  imped- 
ance of  700  ohms.  The  twisted 
pair  in  the  lead  cable  measures  170 
ohms  at  this  frequency. 

The  loss  in  the  entire  line,  which 
is  over  10  miles  long,  is  around  97 


the  booster  amplifier.  The  oscilla- 
tor stage  was  removed  and  the 
coupling,  the  loading  and  the  bias 
voltage  of  each  succeeding  stage 
was  adjusted.  Each  stage  was 
operated  as  closely  to  class  A as 
possible  while  still  obtaining  the 
required  100  watts  power  output 
from  the  final  with  the  excitation 
voltage  available  from  the  line. 
All  stages  are  essentially  class  A 
with  the  exception  of  the  final, 
which  is  class  AB.  In  addition,  a 
tuned  circuit  was  substituted  for 
the  grid  resistor  in  the  first  r-f 


The  entire  WWDC  booster  plan 
is  operated  by  remote  control,  a 
shown  in  Fig.  2.  This  is  accom 
plished  by  means  of  three  tele 
phone  circuits  and  a small  r- 
amplifier  which  is  bridged  acros: 
the  main  r-f  transmission  line  ant 
operates  time-delay  relays  for  th< 
filament  and  plate  switches.  Ont 
pair  of  lines  is  used  alone  for  thf 
audio  monitor  circuit  and  the  othei 
two  pairs  are  used  in  duplex  with 
samples  of  plate  current,  plate 
voltage  and  antenna  current  ap- 
pearing on  duplicate  meters  at  the 
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FIG.  2 Remote  control  .y.tem  for  WWDC  boootor  


uooster  is  controlled 
by  variation  of  the  input  to  the 
transmission  line  at  the  main 
transmitter. 

The  r-f  amplifier  circuit  that 
controls  the  filament  and  plate 
switches  is  shown  in  Fig.  3,  and 
is  designed  to  actuate  the  filament 
switch  relay  immediately  upon 
arnva  0f  an  r-f  signal  from  £ 
main  transmitter  over  the  trans- 
mission line.  The  plate  switeh 
re  ay  operates  approximately  one 
minute  later.  These  relays  din 
out  when  excitation  voltage  is  re  - 
moved  from  the  line,  thereby  Z - 
moving  the  possibility  of  tht  - 
booster  transmitter  remain;  ^ 1 

in  case  of  line  faiJure.  mn*  on 

over  the1” traZZissionT^  arrivinSr 
fied  by  VTU  Tube  FT ‘Ik8 
cutoff,  hence  its  n|Q/s  blased  to  ’ , 
“ inop.M.  vf: 

W,th  » Carrie,.  O 


lT.,j  of  the  carrier  overcomes 
i-  to.  m^ing  relay  1 operate 
, t,  im  the  filament  supply  relay 
t ii  booster  transmitter.  Tube 
. ^ Sis  a high  negative  bias  when 

i is  open  (no  carrier), 
e,  Bting  to  half  the  plate  supply 
..  or  125  volts.  Closing  of 
i rv,'t  ion  arrival  of  a carrier) 

■ > cr;  the  resistor  providing  this 
gjitsve  bias,  allowing  the  charge 
' B the  grid  capacitor  to  leak  off 
- trijti  the  grid  resistor  to  the 
■=.  yint  where  VT,  draws  enough 
uH  p;e  current  to  operate  relay  2 and 
• d ejt  plate  power  to  the  booster 
tmsmitter.  The  time  delay  of  the 
n circuit  is  made  sufficiently 
' ~ kg  to  permit  heating  of  tube  fila- 
’r  J JBS. 

XV 

Sptw  Traiiniition  Method 

1 Tie  booster  system  originally 
-staled  at  WINX,  Washington, 
,,  D C,  is  an  example  of  the  method 
wherein  the  booster  receives  its 
!t.  signal  through  space  rather  than 
I ever  wires.  As  with  WWDC, 
;CflS  ciginal  calculations  showed  that 
, j,;  signal  reinforcement  would  be  re- 
r y,  paired  in  Northwest  Washington 
ft.  if  the  transmitter  were  to  be 
. •[,  tad  in  the  downtown  area.  A 
,thff  f°r  the  booster  transmitter 
«b  selected  in  an  area  approxi- 
:,|j«  four  and  one  half  miles 
ap  f®  die  main  transmitter,,  where 
the  from  the  main  transmitter 
tier  ® calculated  to  be  2.5  millivolts. 
i;,i  bter  measurements  proved  this  to 
,k  k correct 

a:r  h the  booster  site,  two  receiv- 
b loops  are  oriented  and 
a:  W to  give  a unidirectional  pat- 
ite  'r~  The  output  of  the  loops  is 
if  trough  a phasing  network  to 
at  1 preamplifier  consisting  of  two 
n p-'4?e  stages  and  one  802  power 
e The  output  of  this  ampli- 
kr  is  then  fed  into  a quarter-inch 
, trentric  line  extending  to  the 
>M!!er  amplifier  approximately 
•b  feet  away,  as  shown  in  Fig.  4. 

, point  the  line  is  terminated 
' ’ ^ec  phasing  network,  the 
of  which  is  to  synchronize 
* taster  output  with  the  main 
'-''■-mitter  signal. 

ite  WINX  booster  amplifier  is 
1 ®np«ite  construction  and  has 
stages— an  828,  class  A,  driv- 
■’  two  203A  tubes  operating  as 
"**  designed  for  50  watts  out- 

: Ionics  -jtiy  ms 


FIG.  3 — Circuit  oi  amplifier  developed  by  C.  B.  Shatter,  Technical  Supervisor 
oi  WWDC.  to  apply  power  automatically  to  the  booster  transmitter  when  a program 
signal  arrives  over  the  r-i  transmission  line  from  the  main  station 


put.  This  is  coupled  to  the  antenna 
in  a conventional  manner.  The 
antenna  itself  is  novel,  consisting 
of  a 125-foot  brick  smoke  stack 
encased  with  four  copper  leads  sus- 
pended from  the  top  and  bonded 
together  top  and  bottom. 

The  booster  amplifier  is  operated 
by  remote  control  from  the  main 
station,  as  shown  in  Fig.  5.  Four 
pairs  of  standard  telephone  wires 
are  used  in  this  control  circuit. 
One  pair  provides  a monitor  circuit. 
Another  pair  actuates  a reversible 
stepper  relay  to  control  the  r-f  in- 
put to  the  transmitter  and  with  the 
third  and  fourth  pairs  also  serves 
to  read  samples  of  plate  current, 
antenna  current  and  plate  voltage 
and  to  operate  the  main  power 
switch  to  the  transmitter.  This 
latter  circuit  is  so  arranged  that 
the  transmitter  automatically 
shuts  down  in  case  of  failure  of 
the  control  circuit. 

Closing  the  toggle  switch  at  the 
main  station  actuates  relay  1 at 
the  booster  station  through  tele- 
phone line  1,  applying  power  to  the 
booster  transmitter  and  associated 
equipment.  Lines  2 and  3 serve 
as  return  circuits  for  the  remote 
plate  current  and  antenna  current 
meters  when  not  in  use  as  relay 
control  circuits.  Operating  push- 
button 1 closes  relay  2,  making  the 
stepper  relay  rotate  one  step  in 
one  direction  and  moving  the  arm 
of  a potentiometer  that  controls 
the  r-f  output  from  the  loops.  Re- 
leasing and  again  depressing  this 
pushbutton  repeats  the  action. 


Pressing  pushbutton  2 closes  relay 
3 and  causes  the  potentiometer  to 
move  in  the  opposite  direction. 
The  excitation  voltage  fed  to  the 
booster  transmitter  by  its  pickup 
loops  can  thus  be  controlled  re- 
motely by  operation  of  pushbuttons 
2 and  3 at  the  main  station. 

Lines  4,  5 and  6 carry  samples  of 
plate  current,  antenna  current  and 
plate  voltage  to  the  remote  meters 
located  at  the  main  station.  The 
booster  monitor  loop  is  excited  by 
a portion  of  the  booster  monitor 
output  and  is  terminated  into  the 
monitor  system  at  the  main  sta- 
tion. 

Duilgn  of  Pickup  Loopi 

The  most  interesting  portion  of 
the  WINX  booster  system  is  its 
method  of  feed  by  means  of  a direc- 
tional receiving  array.  This  is 
accomplished  by  taking  advantage 
of  the  natural  bidirectional  charac- 
teristics of  the  loops  and  also  by 
introducing  sufficient  electrical 
phase  difference  in  addition  to  thfc 
physical  spacing  so  as  to  discrimi- 
nate against  signals  arriving  from 
the  rear  of  the  array. 

The  loops  are  spaced  approxi- 
mately 35  feet  apart  or  roughly  15 
degrees  at  this  frequency,  and  are 
mounted  about  30  feet  above 
ground.  The  physical  arrange- 
ment is  such  that  the  two  loops  are 
lined  up  in  the  direction  of  the 
main  transmitter  but  are  at  right 
angles  to  the  booster  antenna. 
With  this  arrangement  the  natural 
null  of  the  loops  is  presented  to 
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the  booster  antenna  while  the  lobe 
of  maximum  pickup  is  in  a plane 
with  the  main  transmitter.  Care- 
ful orientation  gives  rejection 
ratios  between  the  main  and 
booster  transmitter  signals  of 
10,000  to  1 or  better.  A rejection 
ratio  of  this  order  is  critical  and 
difficult  to  maintain,  however, 
which  is  one  of  the  principal  objec- 
tions to  this  system. 

The  physical  dimensions  of  the 
loops  are  approximately  two  by 
four  feet.  They  are  constructed 
of  two-conductor  copper-shielded 
cable,  with  the  two  inner  conduc- 
tors cut  and  reconnected  so  as  to 
form  a two-turn  loop.  The  outer 
shield  is  cut  at  the  top  and  acts 
as  an  electrostatic  shield.  In  the 
case  of  WINX  the  two  loops  were 
connected  in  series  and  then  con- 
nected through  the  above-men- 
tioned phasing  network  to  the  pre- 
amplifier. 

Comparison  of  Line  and  Loop  Methods 

In  evaluating  the  advantages 
and  disadvantages  of  the  two 
methods  of  excitation  for  the 
booster  transmitter  it  appears  that 
neither  of  the  above  systems  offers 
the  ideal  solution.  In  the  case  of 
the  WWDC  land  line  feed,  where 
open-wire  transmission  line  is  used, 
weather  conditions  cause  variable 
line  losses  which  are  sometimes 
difficult  to  compensate  for.  Also, 
the  cost  of  such  a line  is  usually 
greater  than  that  of  receiving 
equipment.  A concentric  line  be- 
tween the  two  transmitters  would 
minimize  weather  effects  and  pro- 
vide an  ideal  system  in  other  re- 
spects, but  the  cost  would  generally 
be  prohibitively  high.  The  trans- 
mission line  method  does  offer 
greater  stability  than  the  loop 
method,  however,  and  also  provides 
a simpler  means  of  control  over  the 
input  where  remote-control  opera- 
tion is  utilized. 

When  the  loop  system  is  located 


a signal  ratio  of  100  to  1 in  favor 
of  the  weak  signal  from  the  main 
transmitter,  which  is  the  approxi- 
mate ratio  required  for  satisfac- 
tory performance,  a rejection  ratio 
of  10,000  to  1 would  be  required 
for  the  loop  system. 

While  such  a rejection  ratio  is 
entirely  possible  with  careful  ad- 
justment of  a well-designed  loop 
system,  many  variable  factors  ap- 
pear which  make  it  difficult  to  keep 
such  a system  in  adjustment.  One 
of  the  greatest  disadvantages  of 
this  system,  however,  is  the  pickup 
and  reradiation  of  interference 
caused  by  other  stations  operating 
on  the  same  frequency. 

If  the  loop  system  is  located  in 
an  area  where  the  signal  strength 
from  the  main  station  is  below  that 
required  to  override  all  interfer- 
ence, then  reradiation  of  interfer- 
ence becomes  serious.  In  a two- 
loop  array  with  outputs  phased  so 
as  to  approximate  a unidirectional 
receiving  pattern,  interference  is 


FIG.  4 — Block  diagram  oi  WINX  booster 
system,  which  obtains  its  r-f  signal  through 
space  with  a pair  of  loops  beamed  at  the 
main  transmitter 

eliminated  to  some  extent  but  sig- 
nals arriving  at  a high  angle  cause 
a great  deal  of  trouble.  Also,  sig- 
nals appearing  at  approximately 
45  and  135  degrees  on  each  side  of 
the  main  axis  can  and  do  cause 
difficulty.  The  advantages  of  the 


with  the  booster  transmitter 
means  of  telephone  cable  or,  if  ] 
sible,  concentric  line.  This  shd* 
greatly  reduce  the  interfere 
problem,  reduce  the  cost  of  line 
stallation  and  also  materially 
crease  the  stability  of  the  loop  i 
tern  due  to  the  increased  dista 
between  it  and  the  booster  tra 
mitter. 

Control  of  Mash  Aroas 

The  principal  disadvantage  w 
any  booster  station  is  the  result 
mush  areas.  They  are  not  limi 
to  areas  between  the  two  transn 
ters,  and  are  dependent  to  a gr 
extent  upon  the  ratio  of  the  pov 
output  of  the  booster  transmit 
to  the  power  output  of  the  mi 
transmitter.  In  some  cases,  wh< 
the  power  ratio  is  considerably 
favor  of  the  main  transmitter  a 
where  no  phasing  network  is  ul 
ized  to  put  the  two  signals  in  st 
at  points  beyond  the  booster  trai 
mitter,  the  mush  areas  may  co 
pletely  surround  the  booster  a 
will  appear  at  any  point  where  t 
two  signals  are  of  equal  intensi 
and  displaced  as  to  phase. 

It  is  not  essential  that  the  ma 
and  booster  transmitters  be  ope 
ated  in  phase,  but  in  most  cas 
better  results  can  be  obtained  wht 
they  are.  Inphase  operation 
used  at  WWDC  and  WINX,  eliir 
nating  mush  areas  beyond  tl 
booster.  Generally  speaking,  wh« 
the  booster  output  is  low  in  cor 
parison  to  that  of  the  main  tran 
mitter  and  the  booster  is  locate 
in  an  area  subject  to  high  absor, 
tion  (as  with  WSAI),  mush  aree 
will  completely  surround  tl 
booster  if  phasing  is  not  used. 

Selection  of  the  power  ratio 
important  in  that  it  provides 
means  by  which  the  mush  area 
can  be  controlled  to  some  exten 
If  care  is  exercised  in  the  selectio 
of  this  ratio,  the  mush  areas  ca 
be  made  to  fall,  for  the  greate 
part,  in  predetermined  areas  whicl 


close  to  the  booster  radiating  an- 
tenna, as  in  the  WINX  system,  ad- 
justments become  critical.  As  an 
example,  suppose  the  loop  system 
is  located  within  the  200-millivolt 
area  of  the  booster  transmitter, 


loop  system  lie  in  economy  of  in- 
stallation and  elimination  of  long- 
line  maintenance. 

Possibly  the  best  practical 
method  of  feed  would  be  a com- 
bination of  the  two  systems 


in  some  cases  may  be  thinly  popu 
lated  or  in  some  way  not  so  desir 
able  from  a coverage  standpoin 
as  others.  There  are  other  factor; 
involved  in  making  this  determina 
tion,  such  as  variable  soil  conduc 


where  the  field  from  the  main  whereby  a single  loop  is  located  in  tivity  between  the  two  transmit- 

transmif^^^Mfe  millivolts.  The  a heavy  field  from  the  main  trans-  ters  and  the  efficiency  of  the  twe 
gignf  100  to  1 in  favor  of  mitter,  at  some  distance  from  the  antennas,  but  with  normal  antenna 

it  order  to  provide  booster  transmitter,  and  connected  efficiency  in  each  case,  the  actual 
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t of  the  two  transmitters  will 
*tamant  factor. 

Casts  of  Dbtortloa 


J*h  areas  are  roughly  a half 
igti  wide  and  are  found  at 
at  which  the  main  and 
transmitter  signals  are  of 
tntAri  or  nearly  equal  intensity  and 
opposite  in  phase.  In  these 
!,  cancellation  or  partial  can- 
jbtion  of  the  two  signals  occurs 
to  ai  the  resultant  appears  as  a con- 
Jtq  iffiHy  weakened  signal  accom- 
EKd  by  d tortion  of  the  audio 
■pent.  The  amount  of  dis- 
gta  Wien  is  dependent  principally 
Piiu  fni'l)  distortion  introduced  by 
nice  i tester  amplifier,  and  (2)  dis- 
ca  ten  occurring  as  a result  of 
when  jtee  differences  between  the  two 
il?i  ri  signals. 

r a Distortion  occurring  as  a result 
i:j  i to  Srst  case  can  be  partially 
i atrolled  by  careful  design  and 
:rar>  adjEstment  of  the  booster  ampli- 
M!  'fa.  and  will  considerably  reduce 
mush  area.  For  example,  as- 
re  laj-iame  a theoretical  amplifier  com- 
ply free  of  distortion.  With 
neb  an  amplifier  the  modulated  r-f 
ablation  voltage  would  be  reradi- 
ope-l  *ted  from  the  booster  antenna  with 
c4 110  change  in  the  wave  form  other 
dan  sn  increase  in  amplitude, 
ion  Wt  an  exact  180-degree  phase 
eiii  displacement  at  a point  of  equal 
id  ts  fcU  intensity  from  the  main  and 
its  taler  transmitters,  complete  can- 
n cw  Ation  of  the  two  signals  would 
i trss  war.  Still  assuming  180-degree 
bed  ite  displacement,  at  any  point 
atet?  *hr  than  one  in  which  the  two 
■h  ai*  are  exactly  equal  there 
id  & wtild  be  a weakened  signal  hut  no 
ed.  distortion  of  the  audio  component, 
ratio  s Xw  consider  the  practical  case 
vide  i where  some  distortion  is  intro- 
h ^ hy  the  booster.  In  this  case 
exttff-  8*  two  r-f  envelopes  are  not  the 
'.e!«d  aa<l  only  that  portion  of  the 
ess  * signal  which  originated 

gra'.c  r-  the  main  transmitter  will  be 
a sis  Celled,  leaving  the  distortion  to 
48  a small  but  greatly  over- 
rated r-f  signal.  The  amount 
ndpoh-l  • “is  distortion  will  to  a great 
facBPI  control  the  Width  of  the 

jjjjjjrl  mush  area  since  for  every 
to#!  ‘^--wavelength,  where  the  two 
®sa's  are  approximately  equal, 
r *Sl  be  cancellation  to  the  ex- 
that  they  approach  each  other 
amplitude. 


If  the  distortion  present  is  small 
in  comparison  to  the  resultant  sig- 
nal, then  the  mush  areas  will  be 
small  and  sharply  defined.  Under 
normal  circumstances  mush  areas 
tend  to  disappear  when  the  ratio 
between  the  two  signals  is  of  the 
order  of  2 to  1 or  more.  If  the  dis- 
tortion percentage  is  large,  how- 
ever, the  area  over  which  this  con- 
dition will  be  noticeable  will  be  in- 
creased proportionately.  This  is 
important,  since  by  maintaining 
the  booster  transmitter  with  as  low 
a percentage  of  distortion  as  is 


practicable,  the  area  over  which 
this  condition  is  prevalent  can  be 
reduced  to  a minimum. 

Phase  Considerations 

In  the  above,  only  the  half  cycle 
which  was  exactly  out  of  phase 
with  the  main  transmitter  signal 
has  been  considered.  The  follow- 
ing half  cycle,  due  to  the  two  sig- 
nals traveling  in  opposite  direc- 
tions, will  be  in  phase  and  the  two 
voltages  will  add,  causing  no  par- 
ticular difficulty. 

The  above  analysis  also  assumes 
an  exact  180-degree  phase  displace- 
ment. This  would  occur  normally 
only  on  a straight  line  between  the 
two  transmitters  (or  on  this  same 
line  extended  beyond  either  trans- 
mitter if  phasing  equipment  is  not 
used)  and  not  necessarily  at  a 
point  of  equal  signal  intensity. 

It  is  not  likely  that  any  point 
could  be  found  at  which  complete 


cancellation  of  the  two  signals 
occurs,  because  when  they  are 
equal  in  amplitude  they  are  gen- 
erally not  exactly  180  degrees  out 
of  phase.  At  any  point  off  this 
theoretical  line,  the  phase  angle 
between  the  two  signals  becomes 
less  than  180  degrees.  At  such 
points  and  along  the  line  of  ap- 
proximately equal  signal  intensi- 
ties, phase  distortion  of  the  modu- 
lated r-f  envelope  is  most  apparent 
and  results  in  a distorted  audio 
component.  This  is  by  far  the 
most  serious  of  the  causes  for 
mush  areas  since  no  method  of  con- 
trol has  yet  been  devised.  No  amount 
of  phasing  equipment  will  put  the 
two  signals  in  phase  at  all  points  be- 
tween the  two  transmitters. 

Conclusion 

In  summation,  it  may  appear 
that  a negative  viewpoint  has  been 
adopted  as  to  the  use  of  boosters 
due  to  the  mush  areas  involved.  On 
the  contrary,  it  is  felt  that  ampli- 
fiers of  this  type  may  in  many 
cases  be  the  solution  to  the  dead 
spot  and  interference  problems  of 
many  broadcast  stations.  Actually, 
mush  areas  cover  only  a very  small 
percentage  of  the  service  area  of 
a station  and  in  many  cases  these 
can  be  made  to  fall  in  areas  "not 
considered  of  great  importance 
from  a coverage  standpoint.  The 
additional  service  rendered  by  such 
an  installation  greatly  offsets  any 
disadvantage  occasioned  by  its  use. 
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FIG.  5— Remote  control  system  for  W1NX  booster  transmitter,  using  four  pairs  of 
standard  telephone  lines.  Relay  4 connects  line  4 to  the  high  side  - - -verload 
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Four-torch  electronically  positioned  flame  cutter  being  used  to  cut  weight-reducing  holes  in  girder  frame  members  for  a rayon  splnnirt  = 
machine.  The  torches  hare  already  completed  cutting  of  the  four  pieces  in  the  foreground,  and  hare  accurately  trimmed  all  lo- : ~ 

edges  of  the  pieces  about  to.be  perforated 

Phototube-Controlled  1 


‘■automatic  control  in  oxyacety- 
X*  lens  flame  cutting  of  steel 
shapes  on  a mass-production  basis 
is  achieved  with  the  ISC  flame  cut- 
ter by  using  electronic  control.  The 
flame  cutter  has  been  in  continued 
use  in  shipyards  and  machine  fabri- 
cation plants  for  over  three  years. 
The  system  utilizes  photoelectric 
control  in  a unique  manner  that 
eliminates  the  follower  or  outline- 
tracer  requiring  full-size  templates. 

Templates  for  flame  cutting  by 
commercially  developed  follower  or 
manual  tracer  systems  are  full  size, 
some  being  more  than  seven  feet 
wide  and  thirty  feet  long.  Fabri- 
cating, repairing  and  storing  such 
templates  is  quite  expensive  and 
requires  a great  deal  of  floor  space. 

Four  Prams  Saida  Cattars 

The  outline  to  be  cut  by  the  elec- 
tronic flame  cutter  is  determined 
by  markings  or  reflecting  spots  on 
four  black  Bakelite  drums,  shown 
in  Fig.  1.  Two  of  the  drums  control 
the  action  of  the  longitudinal  drive 
motor,  and  the  other  two  control 
the  transverse  drive  motor.  One  set 
four  drums  has  sufficient  space 


of  . four  d 

I* 


Electronic  control  makes  possible  accurate  oxyacety- 
lene  cutting  of  large  steel  sheets  on  a mass-production 
basis,  using  photoelectric  scanning  of  small  master 
drums  in  place  of  conventional  contour  tracing  of 
costly  full-size  master  patterns 

By  DAVID  S.  WALKER 

Chief  Engineer 
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for  controlling  the  actions  of  the 
machine  to  between  100  and  200 
lineal  feet  of  cut.  The  available 
cutting  length  on  one  set  of  drums 
may  be  used  to  make  up  the  con- 
trol for  one  large  piece  to  be  cut,  or 
for  several  smaller  shapes.  The 
changeover  from  cutting  one  shape 
to  another  on  the  same  drum  is  ac- 
complished by  setting  the  drums 
manually  so  that  the  phototube 
scans  the  proper  section  of  the 
drum. 

Changing  record  drum  sets  is 
simple.  Each  drum  is  set-screwed 
to  its  holder.  Unloosening  the  set 
screws  allows  the  drums  to  be  re- 
moved and  the  new  set  to  be  placed 


on  the  holders.  Drums  do  not  weaP*' 
out,  as  scanning  with  a light  beam: 
eliminates  any  surface  wear  on  the  l 
records.  The  drums  are  light-  IJ 
weight  paper-base  phenolic  cylin-^l 
ders  with  a dull  black  surface. 


i 


Operating  Principle 

The  method  of  operation  is  based  i- 
on  the  resolution  of  any  shape  into  t 
its  Cartesian  coordinates.  Consid- » 
ering  longitudinal  cuts  as  being  r 1 
along  the  Y axis  and  transverse  f 
cuts  as  being  along  the  X axis,  any  i 
cut  along  a diagonal  is  determined  ^ 
by  its  projection  on  both  the  X and  ^ 
Y axes.  Longitudinal  movements 
are  controlled  by  one  distance  drum  ’'j 
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’ Sob  ikowiaf  relationship  oi  major  elements  of  tha  llama  cuttar.  Additional  torch**  may  ba  added,  lor  simultaneous  cutting  of  lour 
- * iicnpiKM.  Os  large,  Intricate  shapes  requiring  high  accuracy,  it  has  been  found  economical  to  prepare  master  drums  for  pro- 
duction runs  as  small  as  12  pieces 


1 Flame  Cutter 


tad  one  reversal  drum,  and  trans- 
fers* movements  are  controlled  by 
4e  other  two  drums.  As  an  illus- 
tration of  how  the  drums  control 
'he  movement  of  the  cutting 


torches,  when  the  two  longitudinal 
drums  are  black  the  torches  may  be 
moving  longitudinally  in  one  direc- 
tion and  cutting  a straight  line. 
Arrival  of  the  scanner  at  a white 


"k 1-1 Control  drums  and  scanning  heads  oi  the  llame  cutter.  Longitudinal 
ltan»Tsne  travel  drums  hare  many  white  reflecting  dots  in  this  setup,  ior 
?***  curved  objects.  The  drive  motor*  may  start  and  slop  as  often  at  100 
™**  P**  minute.  The  two  reversing  drums  have  relatively  large  alternate 
areas  ol  black  and  white 
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dot  on  the  longitudinal  distance 
drum  stops  the  longitudinal  drive 
motor  and  starts  the  transverse 
drive  motor.  Now  if  the  scanner  on 
the  transverse  distance  drum 
reaches  a white  dot  soon,  the  trans- 
verse motor  stops  and  the  longitud- 
inal motor  starts  again  in  the  same 
direction  as  before.  Repetition  of 
this  process  at  equal  very  short  in- 
tervals gives  a zig-zag  torch  motion 
corresponding  to  a cut  on  a 
straight  line  at  45  degrees,  while 
unequal  and  varying  intervals  pro- 
duce torch  motion  along  curves. 
Arrival  of  either  of  the  reversal 
scanners  at  a white  area  causes  the 
corresponding  motor  to  travel  in 
the  reverse  direction  thereafter. 

All  four  drums  are  inscribed 
simultaneously  with  jeweled  styli 
by  a step-by-step  process  while  the 
scribing  machine  is  tracing  a sam- 
ple of  the  finished  product,  and  the 
controlling  markings  are  later  filled 
in  with  white  ink  to  make  them 
light-reflecting.  In  describing  a 
curve  or  diagonal  cut,  intervals  are 
taken  to  most  nearlv  : -ate 

the  instantaneous 
ing  curves,  the 
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View  of  the  four  amplifiers  and  the  relay  box,  with  master  drums  in  background 


very  small  in  order  to  follow  faith- 
fully the  instantaneous  slope,  while 
in  straight-line  cuts  the  interval 
may  be  of  any  desired  length. 


Scanning  Apparatus 


The  photoelectric  pickup  units 
are  in  cast  aluminum  housings. 
Each  exciter  lamp  and  its  associ- 
ated optical  system  projects  a small 
spot  of  light  on  its  drum.  The  re- 
flecting surface  allows  a large  part 
of  the  incident  light  to  be  reflected 
onto  the  cathode  of  the  phototube. 
The  system  employs  accurately 
ground  lenses  in  both  projector  and 
pickup  units  so  that  there  is  in 
practice  no  interference  from  stray 
light. 

Control  impulses  from  the  four 
scanners  go  through  low-capaci- 
tance cables  to  four  amplifiers 
which  are  of  the  direct-coupled 
type,  as  the  machine  must  operate 
equally  well  at  very  low  speeds  and 
at  speeds  in  excess  of  24  inches  per 
minute.  Control  frequencies  range 
from  zero  to  100  square-wave  cycles 
per  second. 


Amplifier  Circuit 


Each  amplifier  circuit  utilizes  a 
921  phototube  feeding  into  a 6SJ7 
amplifier  which  in  turn  is  directly 
coupled  to  a 6V6  output  tube  driv- 
ing a telephone-type  d-c  plug-in  re- 
lay, as  shown  in  Fig.  2.  One  type 
80  and  one  type  6H6  form  the 
powef^|^^^  Line  voltage  regula- 
to  minimize  vari- 


ations in  supply  voltage.  The  921 
phototube  has  its  cathode  grounded, 
necessitating  an  additional  voltage 
supply.  The  few  extra  components 
needed  for  the  additional  supply 
are  more  than  justified  by  the 
higher  frequency  response  due  to 
comparatively  low  anode-ground 
capacitance.  Polarizing  voltage  on 
the  phototube  and  plate  voltage  of 
the  6SJ7  are  both  80  volts.  This 
value  is  well  under  the  ionization 
potential  of  the  gaseous  type  cell, 
insuring  fairly  constant  response 
with  the  wide  variations  in  cell 
temperature.  The  low  plate  volt- 
age also  achieves  good  voltage 
sensitivity  on  the  6SJ7;  a very 
small  negative  grid  voltage  will 
completely  cut  off  the  tube. 

The  6SJ7  actually  operates  very 
near  to  zero  bias  with  no  light  on 
the  phototube,  with  potentiometer 
R , taking  care  of  variations  in  dark 
current  when  replacing  the  photo- 
tube. Thus,  when  no  light  falls  on 
the  phototube  there  is  minimum 
bias  on  the  6SJ7  and  maximum  cur- 
rent flows  in  the  first  amplifier  plate 
circuit.  Light  falling  on  the  pho- 
totube anode  decreases  its  internal 
resistance,  allowing  more  current 
to  flow,  and  produces  a voltage  drop 
in  resistor  R,  which  is  both  photo- 
tube load  resistor  and  amplifier 
grid  resistor.  The  resultant  nega- 
tive bias  cuts  off  the  6SJ7. 

The  sharp  cutoff  characteristic 
of  the  6SJ7  and  the  low  plate  oper- 
ating voltage  together  allow  con- 


siderable latitude  in  bias  for  c 
off.  Since  the  amplifier  serves  af 
sensitive  switch  with  no  linear  : 
sponse  necessary  between  outj 
and  input,  wide  variations  are  pt 
missible  in  bias  setting,  phototu 
sensitivity,  line  voltage  and  excite  ' 
lamp  output  without  influencii 
performance. 

The  plate  current  of  the  6SJ7 
thus  seen  to  be  always  either  ze 
or  the  value  corresponding  to  ze 
bias  for  load  resistor  R,,  which 
also  the  grid  resistor  for  the  6V 
In  controlling  the  6V6,  overs  win 
ing  the  grid  insures  stable  oper 
tion. 

If  the  phototube  is  dark,  currei 
flows  in  the  6SJ7  plate  circui 
causing  a voltage  drop  in  R,  whic 
in  turn  cuts  off  the  6V6.  Coi 
versely,  when  light  is  incident  o 
the  phototube,  the  6SJ7  is  cut  o 
and  the  plate  current  of  the  6V6  i 
determined  by  the  plate  voltage  an 
the  resistance  of  the  relay  coil.  . 
10,000-ohm  resistance  value  for  I 
limits  voltage  surges  when  th 
magnetic  field  of  the  relay  co. 
lapses. 


:> 


Power  Supplies 

The  direct-coupled  amplifier  a . 
described  above  has  very  goo< 
square-wave  response,  with  th 
upper  frequency  limit  determine* 
principally  by  the  inductance  of  thi 
relay  used  in  the  output  circuit 
Well-filtered  power  supplies  arc  __ 
necessary  to  achieve  both  the  fas 
action  required  of  the  relay  and  the 
high  sensitivity  of  the  pickup. 

The  power  supply  for  the  output 
tube  is  a conventional  full-wave 
rectifier  feeding  into  an  L-type 
filter.  The  other  two  power  sup- 
plies in  each  amplifier  are  designed^ 
to  take  advantage  of  the  low  power  Au- 
drain required.  A 6H6  is  used  in^ 
conjunction  with  a center-tapped 
winding  on  the  power  transformer, 
to  provide  two  independent,  equal 
half-wave  rectified  voltages  in 
series.  Each  voltage  source  has  a 
filter  comprising  a 10,000-ohm  re-  ^ 
sistor  and  two  8-/if  capacitors.  To- 
tal bleeder  current,  including  ca- 
pacitor leakage,  is  over  3 ma,  while 
the  921  phototube  requires  only  a 
few  microamperes  and  the  6SJ7  a " 
little  over  1 ma.  Resistor-capacitor 
filtering  provides  cheap,  compact 
and  dependable  filtering  in  these  - 
ranges. 

S 

1945  — ELECTRONICS 


Digitized  by 


u amplifiers  are  interchange- 
0 so  that  one  spare  amplifier 
j that  is  needed  to  assure  con- 
geij  operation  should  any  one  of 
j amplifiers  in  the  machine 
tare  inoperative.  Unplugging 
a no  AS  connectors  of  an  am- 
;jtr  allows  it  to  be  removed  for 
lotion  and  the  spare  amplifier 
arses  that  there  is  no  holdup  in 
p&tion.  The  power  supply  for 
t fcir  amplifiers  is  so  inter-con- 
; Kted  that  none  will  operate  unless 
il  (oar  are  plugged  in. 

Ur  control  impulses  of  the  four 
M relays  actuate  the  a-c  telephone- 
w relays  and  their  associated  con- 
tarn  in  such  a way  that  the  re- 
al sequence  of  operations  of 
ir  motors  is  achieved. 

Tie  final  drive  is  through  two 
■Teeially  designed  three-quarter 
arsepower  three-phase  induction 
cetors  capable  of  making  more 
iaa  a hundred  stops  and  starts  a 
mate.  Positive  stopping  without 
(Wravel  is  assured  by  the  use  of 
fugging  switches.  The  drive  mo- 
an are  coupled  directly  to  the  rec- 
otd  drams  and  to  the  longitudinal 
and  transverse  racks  so  that  the 
record  drums  always  rotate  in  syn- 
duwusm  with  the  movements  of 
tie  torches. 

The  torches  travel  in  a trans- 
fuse direction  along  arms  project- 


Tioxuvarse  and  longitudinal  driving  motors.  The  voltage-regulating  transformer 
at  the  lelt  serves  the  a-c  contactors  and  the  ampliiiers 


ing  from  the  machine.  Longitud- 
inal travel  of  the  torches  is  achieved 
by  moving  the  entire  machine  on 
its  rails. 

The  operator  can  position  the 
torches  electrically  through  lever 
switches  provided.  There  is  an  in- 
terlock which  cuts  out  all  auto- 
matic functions  while  positioning. 

When  the  torches  are  all  lined 
up  and  the  work  preheated,  the  op- 
erator flips  the  lever  to  automatic 


ki  dm*.  k*ma®c  c“cu‘*  diagram  ol  amplifier  serving  ihe  phototube  oi  one  ol 
™t“-  ® faw  amplifiers  are  Identical.  The  output  relay  controls  other 
contactors  In  the  driving  motor  circuits 
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operation.  He  need  not  touch  the 
control  box  again  until  the  entire 
piece  has  been  cut,  at  which  time  he 
presses  the  stop  lever.  During  all 
the  intervening  time  he  may  give 
his  full  attention  to  the  torches, 
regulating  them  so  that  the  best 
cut  is  achieved.  Up  to  sixteen 
torches  may  be  used.  Stoppages 
from  torches  blowing  out  are  re- 
duced not  only  because  the  operator 
can  give  them  his  full  attention  but 
also  because  of  the  uniform  speed 
of  cut. 

Maintenance  is  Simplified 

Operation  under  mill  conditions 
has  proved  the  advantages  of 
plug-in  components,  not  only  in  re- 
ducing outage  time  but  in  the  abil- 
ity of  plant  men,  unskilled  in  elec- 
tronics or  electrical  controls,  to 
make  replacements  themselves.  It 
is  no  more  difficult  for  them  to  re- 
place a defective  amplifier  or  relay 
than  to  change  tubes  in  a radio. 

The  flame  cutter  has  proven  it- 
self in  operation  to  have  many  ad- 
vantages over  machines  doing  com- 
parable work.  It  produces  at  least 
four  times  as  much  in  cutting  any 
given  shape  in  comparison  with 
other  machines.  Accuracy  of  cut  is 
unequaled  by  any  other  method,  as 
every  movement,  even  to  the  small- 
est increment,  is  positively  con- 
trolled. Operator  fatigue  is  re- 
duced to  a minimum.  Fi’-'-'U-  ,.lec- 
tronic  control  gives 
unchanging  record 
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for  the  other  in  a great  many  cases. 

The  primary  electrons  about 
which  we  are  concerned  are  those 
emitted  by  reason  of  the  fact  that 
the  grid  runs  at  an  elevated  tem- 
perature; in  other  words,  ther- 
mionic emission  from  grid.  Grid 
heating  in  a power  triode  is  caused 
by  electron  bombardment  of  the 
grid  during  its  positive  excursions, 
and  also  by  thermal  radiation  from 
the  filament  and  plate.  Since  pri- 
mary emission  from  the  grid  is  a 
function  of  grid  temperature,  such 
primary  electrons  as  are  emitted 
leave  the  grid  continuously  during 
operation  of  the  tube.  As  with 
other  continuous  processes  based  on 
temperature,  the  effects  are  cumu- 
lative. This  matter  of  continuity  of 
emission  is  worth  keeping  in  mind 
while  distinguishing  between  pri- 
mary and  secondary  emission  from 
a grid.  Mouromtseff  and  Koza- 
nowski1  describe  a simple  cir- 
cuit for  measuring  primary  emis- 
sion. 

Primary  and  Secondary  Emisiion  Effects 

By  definition, 


Lunac  'ype  1UU1  tube  used  as  a guinea 
pig  in  many  of  the  tests  discussed  here 


secondary  electrons 
are  those  released  from  the  grid 
under  the  impact  of  electrons  origi- 
nating from  another  source,  such 
as  the  filament.  Since  the  grid  is 
bombarded  when  positive  with  re- 
spect to  the  filament,  secondary 
emission  occurs  only  during  the 
positive  half-cycle  of  the  grid  driv- 
ing-voltage. Being  a discontinu- 
ous process,  the  direct  effects  of 
secondary  emission  are  not  cumu- 
lative. 

Both  primary  and  secondary 
emission  reduce  the  grid  current 
when  power  tubes  are  operated  in 
the  positive-grid  region,  and  may 
cause  the  grid  current  to  reverse 
its  normal  direction  of  flow.  In 
grid-leak  bias  circuits  this  results 
m a oss  of  bias,  accompanied  by 
increased  plate  current.  The  pri- 
mary component  of  grid  emission  is 
the  bad  actor  in  this  case,  because 
vicious  circle  is  started.  The  in- 
ase  plate  current  causes  in- 
eased  plate  temperature,  which  in 
torn  raises  the  grid  temperature, 


This  article  deals  with  the 
problem  of  electron  emission 
from  the  control  grid  in  a high- 
vacuum  triode  having  a thoriated- 
tungsten  filament.  The  specific 
type  of  cathode  employed  is  early 
mentioned,  because  emission  from 
the  grid  is  directly  tied  up  with 
the  nature  of  the  active  material 
on  the  cathode.  The  remedy  for 
grid  emission  in  a tube  having  a 
thoriated  filament,  for  example,  is 
not  necessarily  the  answer  to  grid 
emission  troubles  in  a tube  contain- 
ing an  oxide-coated  cathode. 

In  its  broader  aspects  the  ques- 
tion involves  the  suppression  of 
emission  from  an  electrode  whose 
normal  function  is  best  performed 
by  selective  emission,  or  no  emis- 
sion at  all.  The  term  selec- 


employing  an  X-grid 
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i Vacuum  Tubes 


Causes  and  effects  of  primary  and  secondary  emission  are  discussed.  Emission  photo- 
graphs of  various  materials,  taken  with  an  electron  microscope,  are  presented.  Tests  which 
resulted  in  the  development  of  a special  grid  are  described 
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1 Special  electron-microscope  de- 
loped  to  take  emission  photographs, 
instrument  is  shown  schematically 
in  Fig.  2 

causing  further  increase  in  primary 
®ission  from  the  grid.  The  effect 
is  cumulative,  and  once  the  grid 
current  starts  to  drop  the  grid  may 
°se  control,  allowing  the  tube  to  run 
away. 

The  effects  of  secondary  grid- 
emission  are  less  obvious.  Second- 
er} electrons  are  emitted  by  reason 
° eectron  bombardment  from  the 
ament,  which  occurs  only  during 
e positive  half-cycle  of  the  grid 
nvmg-voltage.  The  effects  are  not 
cumulative  and,  if  primary  emission 


is  under  control,  can  be  beneficial 
because  the  grid  current  is  reduced 
and  hence  the  grid  driving-power 
lowered.  This  apparent  something- 
for-nothing  is  frequently  accom- 
panied by  instability  of  operation, 
however,  the  tendency  toward  dy- 
natron-type  parasitic  oscillation  be- 
ing enhanced.  The  effects  of  second- 
ary emission  from  a control  grid 
may  be  summed  up  by  saying  that 
secondary  electrons  are  beneficial 
if  moderate,  but  can  lead  to  in- 
stability if  excessive.  For  practical 
purposes  the  ideal  control-grid  is 
one  which  exhibits  no  primary  emis- 
sion and  negligible  secondary  emis- 
sion. 

Metallurgy  Provides  the  Key 

Several  years  ago  it  was  recog- 
nized that  unless  a solution  could 
be  found  for  the  grid-emission 
problem,  a serious  barrier  stood  in 
the  path  of  power-tube  development, 
where  grid  temperature  is  an  im- 
portant factor.  While  experiment- 


ing with  high-vacuum  tubes  having 
thoriated-tungsten  filaments  and 
grids  of  refractory  metals,  such  as 
tantalum  and  molybdenum,  it  was 
observed  that  primary  grid-emis- 
sion was  materially  increased  by 
activation  of  the  grid  with  thorium 
sputtered  or  otherwise  deposited 
from  the  filament.  After  a period 
of  operation  these  tubes  were  found 
to  contain  not  only  a thoriated  fila- 
ment but  also  a thoriumized  grid. 
So  activated,  the  grid  developed 
primary  emission. 

A reverse  phenomenon  was  also 
occasionally  observed  in  the  case  of 
the  filament.  Some  sort  of  contam- 
ination was  reaching  the  filament, 
killing  its  emission.  This  was  inter- 
esting. If  something  would  poison 
the  emission  of  a thoriated  filament, 
why  would’t  the  same  thing  be  good 
for  the  unhappily  thoriumized-grid? 
With  this  key  the  search  went  on, 
resulting  in  the  perfection  of  what 
is  now  known  as  the  X-grid.  Initial 
development  work  was  done  by  Wil- 


FIG.  2 — Schematic  oi  the  epeclal  electron  microecope  pictured  in  Fig.  1 
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liam  W.  Eitel  and  Jack  A.  McCul- 
lough. While  the  X-grid  was  de- 
veloped principally  to  overcome 
primary  emission,  it  fortunately 
also  exhibits  a low  order  of  secon- 
dary emission. 

During  the  course  of  the  investi- 
gation the  emission  properties  of 
numerous  metals  other  than  tan- 
talum and  molybdenum  were  stud- 
ied. Platinum  has  unique  proper- 
ties and  deserves  special  mention. 
If  properly  handled  in  tube  manu- 
facture a platinum  grid  will  exhibit 
little  or  no  primary  emission  during 
subsequent  life  of  the  tube.  Resis- 
tance of  platinum  to  activation  by 
thorium  is  apparently  due  to  an 
absorption  phenomenon.  The  prin- 
cipal disadvantages  of  platinum, 
aside  from  the  element  of  cost,  are 
its  relatively  low  melting-point,  its 
poor  mechanical  strength  compared 
to  the  more  refractory  metals,  and 
its  relatively  high  secondary-emis- 
sion properties. 

Special  Electron  Microscope  Used 


FIG.  3 — Emission  photograph  of  thorlated  tungsten,  taken  at  1300  deg  C.  In 
this  instance  an  edge  of  the  sample  was  photographed,  so  that  emission 
streamers  are  risible 


FIG.  4— (a)  Emission  photograph  of  pure  tantalum,  taken  at  1500  r j 
(b)  at  1700  deg  C.  Half-photographs  are  shown  adjacent  to  each  other  to  1°. 
serve  space  and  facilitate  comparison 


Much  of  the  subject  work  on 
grid  emission  was  done  with  the 
aid  of  a special  electron-microscope. 
Figure  1 shows  a photograph  of  the 
complete  unit  and  Fig.  2 is  a dia- 
grammatic view  of  the  essential 
parts.  This  unit  provides  means 
for  visual  examination  of  electron 
emission  from  any  desired  metal, 
and  the  effects  of  contaminants 
thereon,  at  any  desired  tempera- 
ture. For  example,  a specimen  con- 
taining thorium  can  be  mounted 
adjacent  to  a specimen  of  grid  ma- 
terial, and  the  latter  contaminated 
with  thorium  vaporized  from  the 
former.  The  emission  properties  of 
the  contaminated  grid  material  may 
then  be  studied.  Emission  patterns 
are  directly  observed  on  the  screen. 
For  later  study  and  record  pur- 
poses, photographs  and  even  moving 
pictures  can  be  taken  of  the  speci- 
mens. 

A series  of  emission  photographs 
taken  with  the  electron  microscope, 
are  illustrated.  (Ed.  Note:  All 
emission  photographs  reproduced 
here  were  originally  taken  at  a mag- 
nification of  125.  As  reproduced, 
however,  they  represent  a magnifi- 
cation of  about  100.) 

Figure  3 shows  the  emission  pat- 
tern of  ordinary  thoriated  tungsten, 
this  photograph  is  included  here 
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merely  because  thoriated  tungsten 
is  a familiar  type  of  emitter  ma- 
terial and  serves  as  a reference  for 
comparison  purposes.  The  photo- 
graph was  taken  with  the  specimen 
at  1300  deg  C;  all  temperatures 
herein  being  brightness  tempera- 
tures as  indicated  by  an  optical 
pyrometer.  The  light  areas  in  the 
photograph  are  the  actual  traces 
produced  on  the  screen  by  primary- 
electrons  emitted  from  the  sample, 
the  darker  areas  indicating  a lack 
of  emission.  This  particular  photo- 
graph happens  to  show  an  edge  of 
the  specimen,  and  the  streamers 
present  constitute  electron  emission 
from  the  edge. 

Figures  4 (a)  and  4 (b)  show 
emission  patterns  of  the  surface  of 
pure  tantalum  at  1500  deg  C and 
1700  deg  C,  respectively.  Figures 
5 (a)  and  5 (b)  show  similar  pat- 
terns of  pure  molybdenum  at  like 
temperatures.  It  is  evident  that 
tantalum  exhibits  somewhat  higher 
primary  emission  than  does  molyb- 
denum at  a corresponding  tempera- 
ture. The  pronounced  increase  in 
emission  from  both  metals,  for  an 
increase  of  200  deg  C in  the  tem- 
perature region  indicated,  is  worth 
noting. 

Figure  6 shows  the  emission  pat- 
tern of  a sample  of  tantalum  con- 
taminated with  thorium  at  1400 
deg  C,  the  streamers  visible  being 
from  an  edge  of  the  sample.  The 
tremendous  increase  in  primary 
emission  seen  in  comparison  with 
fig.  4 (a)  explains  why  a tantalum 
grid  used  with  a thoriated  filament 
often  causes  a tube  to  run  away 
during  operation.  Molybdenum  ex- 
hibits a similar  increase  in  primary 
emission  upon  contamination  with 
thorium.  Curves  in  Fig.  7 illustrate 
the  effects  of  this  contamination  in 
a tube. 

Figure  8 shows  the  emission  pat- 
tern at  1700  deg  C of  the  surface 
of  a sample  of  tantalum  partially 
treated  by  the  X-process.  The 
lighter  area  at  the  left  in  the 
photograph  constitutes  the  emis- 
sion from  the  pure  tantalum,  and 
the  darker  area  at  the  right  indi- 
oates  the  absence  of  emission  from 
the  treated  portion  of  the  sample. 
Since  the  X-processed  material  is 
seen  t°  have  a lower  order  of 
Primary  or  thermionic  emission 
an  either  tantalum  or  molyb- 
onum,  one  would  expect  it  to  have 


FIG  5 (a)  Emission  photograph  oi  pure  molybdenum,  taken  at  1500  deg  C,  and 

(b)  at  1700  deg  C 


FIG.  6— Emission  photograph 
1400  deg  C.  The  edge  ol  the 


of  tantalum  contaminated  by  thorium,  taken  at 
sample  was  photographed  so  emission  streamers 
may  be  seen 
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FIG.  7 — Primary  emission  grid  characteristics 


FIG.  10— Primary  emission  irom  an  X grid 


a higher  work-function.  Such  is 
the  case.  Figure  9 is  a plot  of 
primary  emission  from  tantalum, 
from  which  a work  function  of 
4.7  is  derived.  This  value  compares 
favorably  with  that  previously  de- 
termined by  others.  A similar  plot 


is  illustrated  in  Fig.  10  for  the 
X-grid  material,  from  which  a work 
function  of  7.55  is  derived. 

Test  Results 

It  is  now  interesting  to  observe 
what  happens  when  the  X-grid  is 


contaminated  with  thorium.  Fig- 
ures 11  (a)  and  11  (b)  show 
emission  patterns  of  the  surface  of 
X-grid  material  so  contaminated, 
taken  at  1700  deg  C and  1900  deg 
C,  respectively.  These  evidence  a 
negligible  increase  in  primary  emis- 
sion as  compared  with  the  pro- 
nounced increase  exhibited  in  the 
case  of  contaminated  tantalum.  The 
ability  of  the  X-grid  to  render 
thorium  inactive  is  responsible  for 
this  improvement. 

The  solid-line  curve  in  Fig.  7 
shows  that  contamination  of  an 
X-grid  in  a tube  does  not  increase 
its  primary  emission  properties.  By 
comparison  with  the  dashed- 
line  curve  it  will  be  ob- 
served that  if  .500  /ia  is  taken 
as  a safe  value  of  primary 
emission,  a tantalum  grid  must  be 
operated  at  a grid  temperature 
under  1350  deg  C whereas  an  X- 
grid  may  be  operated  in  excess  of 
1500  deg  C.  A more  striking  dif- 
ference will  be  noted  at  a grid  tem- 
perature of  1350  deg  C,  where  the 
tube  with  the  X-grid  has  a reverse 
grid  current  of  nearly  zero,  while 
that  with  a contaminated  tantalum 
grid  exhibits  a reverse  grid-cur- 
rent of  about  600  M a at  the 
same  temperature. 

The  secondary  emission  proper- 
ties of  the  X-grid,  compared  to 
platinum  for  example,  are  illus- 
trated by  curves  in  Fig.  12,  these 
curves  being  taken  on  two  tubes 
having  identical  geometry.  The 


FIG.  8 — Emission  photograph  oi  tantalum  partially  treated  by  X-process  k 
at  1700  deg  C.  The  left  side  shows  the  greater  emission  from  the  untreated 
portion,  while  the  right  side  shows  the  reduced  emission  from  the  treated  porti 
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FIG.  12 — Secondary  emission  charac- 
teristics, both  tubes  under  test  having 
identical  geometry  and  operating  with 
2500  volts  on  their  plates 

is  a chart  of  a tube  having  a 
platinum  grid.  This  can  be  com- 
pared with  the  chart  in  Fig.  14  on  a 
tube  of  identical  geometry,  but  hav- 
ing an  X-grid,  showing  the  absence 
of  such  loops  in  the  grid-current 
lines. 

It  is  apparent  that  operation 
along  a load  line  passing  through 
the  region  of  negative  values  of 
grid  current  would  give  a distorted 
wave  of  grid  current,  sufficient  to 
cause  instability  and  parasitic  oscil- 
lations. 


higher  order  of  secondary  emission 
for  platinum  is  indicated  by  lower 
values  of  grid  current,  which,  for 
certain  values  of  grid  voltage  in 


the  tube  used,  actually  become  nega- 
tive. Secondary  emission  shows  up 
in  constant-current  charts  as  loops 
in  the  grid  current  lines.  Figure  13 


References 

(1)  MouromtBett.  I.  E.,  an<l  Kozanowaki, 
II.  N.,  Grlil  Temperature  us  a Limiting 
Factor  In  Vacuum  Tube  Operation.  Proc. 
I.  R.  E.,  24,  p.  447,  March.  li>36. 


I 


Pkith/^  ^^'out-current  characteristics  of  a tube  with  a 
j grid.  Solid-line  curves  represent  plate  current  in 
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FIG.  14 — Constant  current  characteristics  of  a tube  with  an 
X-grid.  Solid-line  curves  represent  plate  current  in  amperes, 
while  dashed-line  curves  represent  grid  current  in  amperes 
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DUAL-TRIODE 

Trigger  Circuits 


Non-mathematical  step-by-step  description  of  the  operation  of  the  Eccles-Jordan  trigger 
circuit,  with  practical  suggestions  for  making  the  circuit  distinguish  between  positive  and 
negative  pulses,  and  other  helpful  design  data 


FIG.  1 — The  basic  Eccles- Jordan  trigger  circuit 

By  BYRON  E.  PHELPS 

' International  Business  Machines  Corn 
Endicott,  N.  V.  ' 


This  paper  is  an  attempt  to  give 
a graphical  analysis  of  dual- 
triode  trigger  operation.  It  is 
hoped  that  it  will  clear  up  several 
points  that  apparently  have  not 
been  too  well  understood,  in  par- 
ticular the  very  vital  function  of 
the  grid-to-plate  capacitor  (Cr  in 
attached  sketches)  and  the  ability 
of  the  Eccles-Jordan  type  of  triode 


FIG.  2 — Assuming  that  both  tubes  are  ini- 
tially  non-conducting,  application  oi  volt- 
age to  the  resistor  network  makes  the  grid 
oi  r positive  with  respect  to  its  cathode 
and  this  tube  conducts 


trigger  circuit  to  distinguish  be- 
tween positive  and  negative  pulses 
if  properly  designed. 

The  dual-triode  trigger  de- 
scribed here  is  a device  using  two 
triode  tubes  so  interconnected  that 
one  tube  is  normally  conducting 
while  the  other  is  non-conducting. 
A suitable  impulse  applied  at  the 
proper  points  causes  the  first  tube 


to  become  non-conducting  and  the 
other  to  conduct.  A second  impulse 
restores  the  original  condition. 
This  cycle  may  be  repeated  at  will 
at  any  speed  from  zero  up  to  speeds 
in  the  low  radio-frequency  range 
or  even  higher,  depending  on  the 
circuit  constants  used. 

The  trigger  may  be  used  as  a 
locking  circuit,  somewhat  as  a 
gaseous  tube  is  used.  Where  it  is 
so  used,  the  circuit  may  be  turned 
off  as  fast  as  it  can  be  turned  on, 
and  very  little  energy  is  required 
to  make  it  perform  either  function. 
Since  two  impulses  are  required  to 
provide  a complete  trigger  cycle, 
ie.,  to  turn  any  one  tube  on  and 
then  off,  the  trigger  can  also  be 
arranged  to  give  one  output  im- 
pulse for  every  two  input  impulses 
and  thus  act  as  a frequency  divider. 

Basle  Principle 

Figure  1 shows  the  basic  Eccles- 
Jordan  trigger  circuit.  The  two 
triodes  T,  and  T,  are  so  connected 
that  the  plate  of  each  controls  the 
grid  of  the  other  in  such  a manner 
that  only  one  tube  can  conduct  (on) 


FIG.  4 The  use  of  two  resistor  networks 
enables  lube  T,  to  control  tube  T-  in  a 
manner  simUar  the  way  In  which  T,  con- 
ttoU  T,  in  Fig.  3.  Voltage,  shown  here  are 
those  applying  when  T,  is  conducting 
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FIG.  5 — Coupling  capacitors  Ce  provide  a 
means  of  temporarily  biasing  both  grids 
together.  This  circuit  is.  however,  incap* 
able  of  reversing  on  the  application  of  an 
impulse  to  both  grids.  Voltages  indicated 
without  parentheses  are  those  applying 
with  T.  conducting  but  with  switch  S open. 
Voltages  in  parentheses  are  those  apply- 
ing at  the  instant  switch  S is  closed 


at  a time.  The  component  values 
shown  are  merely  illustrative  and 
are  used  to  simplify  the  analysis. 
However,  these  values  will  make  a 
satisfactory  trigger  for  relatively 
slow-speed  operation. 

The  tubes  used  are  6J5’s  or 
equivalent  and  may  be  considered 
essentially  as  switches.  When  the 
grid  of  a 6J5  is  at  the  same  poten- 
tial as  its  cathode  the  tube  is  con- 
ducting, just  like  a closed  switch 
except  that  there  is  in  the  circuit 
illustrated  a 40- volt  drop  between 
plate  and  cathode.  When  the  grid 
is  made  negative  with  respect  to 
its  cathode  by  8 volts  or  more,  the 
tube  is  non-conducting  and  re- 
sembles an  open  switch  in  that  no 
current  can  flow  between  plate  and 
cathode. 

Figure  2 shows  more  clearly  how 
tube  T,  can  control  tube  T,.  With 
both  tubes  arbitrarily  rendered 
non-conducting,  the  voltage  at  the 
grid  of  T,  is  determined  by  the  re- 
sistor network  shown  between  the 
-J-150-volt  line  and  the  -100-volt 
line.  By  Kirchhoff’s  law,  the  grid 
T:  may  be  calculated  to  be  19- 


u 
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'Point  at  which 
tubes  start  to 
conduct 


Wl' grid-voltage  rise  afte 
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ft,  . ""b*  t",  will  be  the  first  to  read 

- roll  line,  so  that  T,  turns  on  fin 
#n  08  inltiatinq  pulse  arrives 


FIG.  7 — Addition  of  capacitors  C,  as  shown  here  to  the  circuit  of  Fig.  S makes 
possible  the  desired  reversing  trigger  action.  Voltages  are  those  applying 


with  r, 

volts  positive  with  respect  to  its 
cathode,  thus  turning  T,  on.  (Actu- 
ally, sufficient  grid  current  will 
normally  flow  in  T,  to  hold  its  grid 
down  to  approximately  cathode 
potential). 

When  tube  T.  is  made  conducting 
as  shown  in  Fig.  3,  its  plate  will 
drop  to  +40  volts  and  point  A will 
be  held  at  that  potential.  Again 
applying  Kirchhoff’s  law,  we  find 
that  the  grid  of  T,  is  now  30-volts 
negative  with  respect  to  its  cathode 
and  that  T,  is  thus  held  non-con- 
ducting by  T„  Connecting  the  grid 
of  T,  to  the  plate  of  T,  with  a simi- 
lar network  as  shown  in  Fig.  4, 
will  enable  T,  to  control  T,  in 
the  same  manner,  and  we 
have  the  desired  condition  in  which 
only  one  tube  can  be  on  at  a time. 

Circuit  Details 

Figure  5 shows  a means  of  tem- 
porarily biasing-off  both  grids  to- 
gether through  coupling  capacitors 
C,.  Although  this  circuit  has  some- 
times been  shown  as  the  basic 
Eccles-Jordan  trigger  circuit,  it  is 
fundamentally  incapable  of  revers- 
ing on  application  of  an  impulse  to 


conducting 

both  grids.  The  voltage  values 
shown  without  parentheses  are 
those  existing  with  T,  conducting 
and  switch  S open.  Those  in  par- 
entheses are  the  instantaneous 
values  obtained  when  switch  S is 
closed,  delivering  a 20-volt  nega- 
tive impulse  to  the  grids  through 
capacitors  C„  This  20-volt  nega- 
tive impulse  will  render  both  tubes 
non-conducting.  Both  grids  will 
immediately  start  to  rise  to  the  re- 
sistance-network-limited value  of 
+ 19  volts,  the  rate  of  rise  being 
determined  by  the  time  constant 
of  the  resistor  network  and  the  C, 
combination.  Since  these  are  the 
same  for  each  tube,  the  time  con- 
stant will  be  the  same  for  both 
grids. 

The  rise  of  voltage  on  both  grids 
will  be  as  shown  in  Fig.  6.  Obvi- 
ously the  grid  of  T,  will  be  the  first- 
to  reach  the  -8-volt  line,  which 
means  that  T,  will  be  turned  on 
first  and  will  hold  T,  off  as  before. 
In  other  words,  the  trigger  has  not 
been  reversed.  Likewise,  a posi- 
tive pulse  will  not  reverse  the  trig- 
ger since  any  effect  it  might  have 
on  the  non-conducting  tube  will  be 
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FIG-  9—11  bolh  ,ube*  are  held  non-conducting  by  gome  external  means.  voltages 
shown  in  Fig.  8 will  rise  to  these  Taints  soon  after  switch  S Is  dosed 


offset  by  a stronger  effect  on  the 
conducting  tube. 

It  is  the  addition  of  the  plate-to- 
grid  capacitors  C„  that  makes  pos- 
sible the  desired  reversing  trigger 
action.  Figure  7 shows  the  addi- 
tion of  such  capacitors  to  Fig.  5 
and  the  steady-state  voltages  that 
exist  with  T,  conducting.  A 20-volt 
negative  impulse  provided  by  clos- 
ing switch  S will  instantly  drop  all 
network  voltages  by  20  volts,  as 
shown  in  Fig.  8.  For  simplifica- 
tion, assume  that  plate-to-grid 
capacitors  C„  are  so  large  in  com- 
parison to  coupling  capacitors  C« 
that  there  will  be  no  change  of  volt- 
age across  them  in  the  time  re- 
quired for  the  smaller  coupling- 
capacitors  to  reach  a steady-state 
condition.  Assuming  that  the 
tubes  are  held  non-conducting  by 
some  external  means,  the  voltages 
in  Fig.  8 will  soon  change  to  those 
in  Fig.  9,  with  the  coupling  capaci- 
tors Cc  in  equilibrium.  The  rise 
of  voltage  of  the  grids  will  be  as 
shown  in  Fig.  10. 

While  these  curves  might  be  ac- 
curately calculated,  they  were  actu- 


ally ootamea  Dy  plotting  an  « T cuj 
between  the  known  limits  of  g: 
voltage.  Because  of  the  mt 
greater  voltage-swing  on  T„  caus 
by  the  relatively  low  voltage  exi 
ing  on  the  grid-to-plate  coupli 
capacitor  C,  between  it  and  t 
plate  of  T„  we  see  that  the  grid 
T,  (which  has  been  non-conductin 
is  the  first  to  reach  the  conducti 
point  of  -8  volts.  Thus  T,  becoir 
conducting  and  blocks  off  T,  a 
the  trigger  is  reversed.  The  adi 
tion  of  the  plate-to-grid  capacitc 
C„  has  produced  the  desired  trigg 
action  and  the  trigger  will  now  i 
verse  itself  every  time  the  gri 
are  given  a negative  impulse. 

In  drawing  Fig.  10,  it  was  a 
sumed  that  the  grid-to-plate  capai 
tors  C,  were  much  larger  than  t 
grid  capacitors  C„  That  this  a 
sumption  does  not  alter  the  gener 
shape  of  the  curves  of  grid  voltai 
rise  is  best  shown  in  Fig.  11  whii 
is  a sketch  of  the  grid-voltage  ri 
in  an  actual  trigger  circuit  (, 
shown  in  Fig.  l with  C = 2 C 
as  viewed  on  a large  cathode-n 
oscilloscope. 


Originally  tube  T,  is  conducting 
and  T,  is  held  non-conducting  by 
the  -30- volt  potential  on  its  grid 
(voltage  as  shown  in  Fig.  7).  At 
time  T.  a 20- volt  negative  impulse 
is  applied  to  both  grids  through 
the  coupling  capacitors  C„  Due  to 
internal  impedance  of  the  square- 
wave  generator  used  in  this  in- 
stance, the  negative  impulse  as  it 
appears  at  the  grids  is  not  quite 
square  and  at  the  grids  the  peak 
negative  dip  is  - 15  volts.  As  soon 
as  the  maximum  negative  potential 
is  reached,  both  grids  start  to  rise 
in  potential.  As  in  Fig.  10,  the 
grid  of  T,  rises  much  faster  than 
the  grid  of  T,  and  reaches  the  con- 
ducting point  first.  When  T,  starts 
to  conduct,  its  plate  goes  down, 
forcing  the  grid  of  T,  way  down 
and  holding  T,  non-conducting. 
After  an  interval  of  less  than 
0.0001  sec.,  the  charges  on  all 
capacitors  have  been  equalized  and 
the  circuit  is  as  before,  except  that 
T , is  now  conducting  instead  of  T„ 
The  dotted  lines  indicate  what  the 
rise  of  the  grid  voltages  might  look 
like  if  the  tubes  could  be  held  non- 
conducting by  some  external 
means. 

Figure  12  shows  both  grid  and 
plate-voltage  changes  for  tube  T, 
when  the  trigger  (circuit  as  in  Fig. 
1)  is  triggered  or  reversed  con- 
tinually by  a 3000-cycle  square- 
wave  input.  (The  grid-voltage 
curve  is  the  same  as  those  in  Fig. 
11.) 

Peiiliv*  and  Negative  Impulses 

So  far  nothing  has  been  said 
about  the  ability  of  this  trigger 
circuit  to  distinguish  between  posi- 
tive and  negative  impulses. 

If  a square-wave  input  is  of  a low 
enough  frequency,  the  positive  rise 
of  the  square  wave  will  appear  to 
the  trigger  grids  as  a positive  im- 
pulse of  a magnitude  equal  to  the 
negative  impulse  produced  by  the 
negative  shift  of  the  square-wave 
signal.  To  act  as  a frequency 
divider,  the  trigger  must  respond 
only  to  the  negative  shift.  This 
it  will  do  if  the  impulse  is  kept 
within  reasonable  limits.  For 
example,  a 20-volt  negative  im- 
pulse will  cut  off  the  conducting 
tube,  enabling  the  trigger  to  trans- 
er;  a 20- volt  positive  impulse  will 
not  bring  the  grid  of  the  non-con- 
ucting  tube  up  to  the  conducting 


M2 


Digitized  by 


cvjI 


IMS  — ELECTRONICS 


! point  and  thus  cannot  make  the 
*■  tube  start  to  conduct.  Its  only 
action  on  the  conducting  tube  is  to 
' drive  the  grid  slightly  positive. 

Therefore,  the  trigger  will  trans- 
1 fer  only  on  a negative  impulse  or 
voltage  shift  and  the  trigger  will 
act  as  a frequency  divider  on  a 
1 20-volt  square-wave  input 

The  trigger  circuit  as  shown  will 
respond  to  negative  pulses  only,  as 
long  as  they  remain  between  the 
limits  of  10  to  40  volts.  Figure  12 
shows  why  the  trigger  is  not  re- 
versed on  a positive  pulse  which  is 
theoretically  large  enough  to  bring 
the  grid  of  the  non-conducting  tube 
up  to  the  conducting  point.  Notice 
that  a point  B the  grid  of  the  non- 
conducting tube  actually  appears 
to  go  negative  although  the  square- 
wave  input  is  shifting  positively. 
This  is  because  the  positive  im- 
: pulse  acting  on  the  grid  of  the  con- 
ducting tube  drives  its  plate  down 
almost  20  volts  (point  C). 
Through  the  plate-to-grid  capacitor 
C,  this  dip  of  the  plate  of  the  con- 
ducting tube  over-rides  the  positive 
impulse  on  the  grid  of  the  non-con- 
ducting tube,  producing  a negative 
dip  as  shown  at  B.  (Although 
point  C,  as  shown  for  tube  T,  is  180 
deg.  out  of  phase  with  point  B, 
the  corresponding  point  on  the 
plate  of  T„  if  it  were  shown  on  Fig. 
12,  would  be  in  phase  with  point  B. 

For  a positive  impulse  to  turn  on 
the  non-conducting  tube,  it  must  be 
large  enough  to  overcome  the 
initial  bias  plus  the  negative  swing 
produced  at  the  non-conducting 
tube’s  grid  by  the  voltage  dip  of 
the  conducting  tube’s  plate.  The 
dip  in  the  conducting  tube’s  plate 
voltage  is  in  this  case  caused  by 
d>e  same  positive  impulse  acting 
on  its  own  grid.  The  input  limits 
depend  on  the  impedance  of  the  in- 
put circuit  The  figures  of  10-40 
vo  ts  were  obtained  with  a battery 
serving  as  a very  low  impedance 
source.  With  a 20,000-ohm  out- 
put impedance  of  the  square-wave 
generator,  the  input  may  be  varied 
10  to  over  70  volts  at  8000 

cycles. 

Caapflag  Several  Triggers 

All  that  is  required  to  use  a trig- 
circuit  of  the  type  described 
“ » frequency  divider  is  to  hold 
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low-impedance  source).  No  extra 
tubes  or  pulse  selectors  are  re- 
quired. 

To  couple  two  triggers  together, 
it  is  only  necessary  to  tap  one  plate 
resistor  of  the  first  trigger  at  one- 
quarter  to  one-half  its  value, 
coupling  to  the  input  capacitors  of 
the  second  trigger  as  shown  in  Fig. 
18.  Tapping  the  plate-load  re- 
sistor at  one-quarter  to  one-half 
its  value  serves  to  furnish  a por- 
tion of  the  output  of  the  first  trig- 
ger within  the  required  limits  for 
operation  of  the  second  trigger. 
Thus  we  have  a simple  straightfor- 
ward trigger  circuit  which  is 
capable  of  distinguishing  between 
positive  and  negative  pulses  with- 
out additional  tubes.  Such  trig- 
gers when  properly  designed  are 
stable,  dependable,  and  independent 
of  any  reasonable  voltage-supply 
variation  (±20  percent  variation 
in  either  bias  or  plate  supply,  more 
if  both  vary  together) . 

As  many  triggers  as  desired 
may  be  coupled  together  by  the 
methods  outlined  above  to  obtain 
any  desired  frequency  reduction, 
the  frequency  being  reduced  by  a 
factor  of  two  for  each  trigger  used. 
Such  a frequency  divider  may  be 
used  in  many  ways,  in  combination 
with  a mechanical  counter  for 
counting  high-speed  pulses  far 
above  the  speed  of  the  mechanical 
counter  alone,  in  high-speed  calcu- 
lating, etc.  A combination  of  a 
trigger  and  a power  tube,  where 
the  trigger  controls  the  power  tube, 
may  be  used  in  place  of  a thyra- 
tron  with  the  advantage  that  it 
may  be  turned  off  as  easily  as  it  is 
turned  on.  The  triggers  alone  or 
in  combination  may  also  be  used 
as  electronic  storage  devices,  since 
they  are  perfectly  stable  in  either 
position. 


FIG.  10 — Calculated  grid-voltage  rise  as 
circuit  voltages  change  from  those  shown 
in  Fig.  8 to  those  shown  in  Fig.  9 


FIG.  11 — Actual  grid-voltage  rise  in  the  cir- 
cuit of  Fig.  1.  as  viewed  on  a cathode-ray 
oscilloscope 


FIG.  12 — Overall  trigger  circuit  operation, 
as  sketched  from  a cathode-ray  oscflloscope 


D1s“at  to  reasonable 
(26  volts  ±15  volts  for  a 


FIG.  13— Method  of  coupling  two  or  more  duol-trlode  trigger  circuits 
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Brush  Arm 


Rmistaaca-WIra  Strain  Gages 


Measurement  of  alternating 
stresses  in  rapidly  moving 
mechanical  parts  has  long  been  de- 
sirable for  vibration  analysis  and 
fatigue-strength  calculations.  This 
has  been  difficult  to  accomplish  by 
mechanical  means  because  of  the 
following  major  problems: 

(1)  Presence  of  inertia  effects 
in  mechanical  linkages. 

(2)  Difficulty  of  transmitting 
the  indications  from  a rotating  or 
moving  part  to  the  observer. 

(3)  Difficulty  in  calibration  of 
the  indicating  mechanism. 

These  problems  are  all  easier  to 
solve  when  electrical  or  electronic 
methods  of  measurement  are  em- 
ployed. There  are  a number  of 
such  methods  by  which  stress  can 
be  measured.  Of  these,  the  method 
which  utilizes  resistance  - wire 
strain  gages  has  been  developed 
farthest  and  has  been  used  in  the 
widest  variety  of  rotating-shaft 
applications.  For  this  reason,  the 
present  paper  will  be  confined  to 
this  method. 


Resistance-wire  strain  gages  mounted  on  the 
shaft  facilitate  vibration  analysis  and  fatigue- 
strength  calculations.  Methods  of  measuring 
both  steady  and  alternating  stresses  caused  by 
thrust,  bending  and  torque  are  discussed.  Tests 
on  the  propeller  shafts  of  naval  vessels  are  used 
as  examples 

By  W.  F.  CURTIS 

/)«•)<  Taylor  Model  Batin 
Navy  Department 
Washington,  D.  O. 


It  has  long  been  known  that  the 
resistance  of  granulated  carbon 
can  be  changed  by  pressure.  Fol- 
lowing this  lead,  carbon  strips  have 
been  used  as  strain  gages,  but 
while  the  resistance  of  such  strips 
changes  markedly  with  stress,  the 
behavior  of  carbon-strip  gages  is 
quite  erratic. 

The  same  effect  exists  in  metals, 
although  to  a lesser  degree  than  in 
carbon.  When  a metal  wire  is 
stretched,  it  becomes  longer  and 
thinner  and  its  electrical  resistance 
increases;  the  increase  in  resist- 
ance is  usually  somewhat  larger 
than  can  be  accounted  for  by  the 
change  in  dimensions.  Develop- 
ment of  practical  methods  for 
utilizing  this  effect  to  measure 
stress  and  strain  started  about 
1938,  E.  C.  Simmons'  and  asso- 
ciates at  California  Institute  of 


wh„rrh.‘  - 


Technology  and  Ruge"  and  DeFor- 
est  at  Massachusetts  Institute  of 
Technology  carrying  out  the  work 
independently  and  apparently 
almost  simultaneously. 

Strain  gages  employing  this 
principle  were  soon  made  commer- 
cially available  by  the  Baldwin- 


Southwark  division  of  the  Bale 
Locomotive  Works.  These  g 
have  been  used  extensively 
vibration  measurements 
strength  testing.  Dohrenwe 
paper'  is  typical  of  much  of  i 
work. 

The  active  element  in  tl 
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I “Terminals 
Holder  ring 

Strain  gages  for  trirusl 
or  bending  measurement 


I -Schematic  ol  measuring  apparatus  mounted  on  a shaft 


i metal  wire  about  0.001  property  of  the  gage  is  that 
“meter,  laid  in  multiple-  undergoes  a change  in  resista 
conveniently  mounted  proportional  to  the  strain  in 
r ™ cementing  to  the  part  wire  and  hence  to  the  strain  in 
*•  The  diameter  of  the  member  under  test,  or 


This  equation  is  valid  for 


tdy  dip-ring  installation  on  the  propeller  shaft  ol  a naval  vessel, 
brushes  were  used  on  each  ring 


Four  carbon 


tension  and  compression  if  the  wire 
is  adequately  bonded  to  the  test 
piece  so  as  to  prevent  buckling. 
Exact  values  of  k are  supplied  by 
the  manufacturer  for  each  lot  of 
gages ; fc  s 2 f or  gages  of  Advance 
wire  having  a low  temperature  co- 
efficient and  generally  used  for 
measurement  of  steady  strains. 
For  gages  of  isoelastic  wire,  k s 
3.5 ; these  gages  have  a higher 
temperature  coefficient  than  the 
Advance  wire  gages  but  are  very 
satisfactory  for  measuring  alter- 
nating strains. 

Locotlag  Gagas  on  Shaft 

Figure  1 shows  the  location  of 
gages  on  a shaft  for  measuring 
the  three  principal  stresses : 
thrust,  bending,  and  torque.  It 
will  be  noted  that  from  two  to  four 
gages  are  used  in  each  circuit.  The 
chief  purpose  of  this  multiplicity 
of  gages  is  to  discriminate  among 
the  different  types  of  stress,  but 
the  arrangement  also  results  in  a re- 
duction in  temperature  errors,  a 
reduction  in  the  electrical  disturb- 
ances caused  by  the  sliding  brushes, 
and  an  increase  in  sensitivity. 

Gages  R,  and  R,  are  mounted 
with  their  strain-sensitive  axes 
parallel  to  the  axis  of  the  shaft; 
the  axes  of  gages  Rt  and  R,  are  per- 
pendicular to  the  shaft  axis.  If 
the  shaft  is  subjected  to  an  axial 
compression,  such  as  the  propeller 
thrust  produces  in  the  propeller 
shaft  of  a ship  steaming  ahead, 
gage  R,  is  subjected  to  a compres- 
sive strain  and  gage  R,  is  sub- 
jected to  a compressive  strain  of 
equal  magnitude.  Because  of  the 
Poisson  effect,  gages  R,  and  Rt  ex- 
perience a tensile  strain  a third  to 
a fourth  as  great  as  the  compres- 
sive strain  in  gages  K,  and  R» 

Any  rotating  shaft  will  be  sub- 
jected to  an  alternating  bending 
stress,  due  to  its  own  weight,  and 
to  other  bending  stresses  due  to 
any  misalignment  and  unbalance 
which  may  exist.  These  force^cq 
usually  small  in  themselvaPr 
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their  effect  on  the  shaft  may  be 
magnified  by  resonance  effects  to 
a degree  which  endangers  the  shaft 
or  its  bearings.  If  at  any  instant 
gage  Rj  is  subjected  to  a compres- 
sive stress  due  to  bending,  gage 
R,  is  also  subjected  to  a compres- 
sion and  gages  R,  and  R,  are  sub- 
jected to  a tension.  Furthermore, 
the  magnitude  of  the  compressive 
stress  in  R1  is  equal  to  the  magni- 
tude of  the  tensile  stress  in  R„  and 
R,  and  R,  are  similarly  affected. 

If  a shaft  is  subjected  to  torsion, 
the  principal  strains  in  the  surface 
are  directed  at  an  angle  of  46  de- 
grees to  the  shaft  axis,  the  strains 
being  compressive  for  one  set  of 
46-degree  lines  and  tensile  for  the 
set  which  is  at  right  angles  to  the 
direction  of  the  compressive  stress. 
Thrust  and  bending  forces  produce 
no  strains  along  these  46-degree 
lines.  Gages  can  be  readily  located 
along  these  lines  by  using  a paper 
template  wrapped  around  the  shaft. 

These  facts  can  be  used  to  devise 
circuits  in  which  resistance 
changes  due  to  the  desired  type  of 
stress  have  an  additive  effect  on 


FIG.  2 — Basic  bridge  circuits  for  measuring 
steady  and  alternating  stresses.  Resistors 
are  the  strain  gages  shown  In  Fig.  1.  The 
arrangement  at  (a)  is  used  for  thrust  meas- 
urements. that  shown  at  (b)  is  employed 
for  bending  measurements,  and  (c)  is  for 
torque  measurements 


the  output  and  changes  due  to  the 
undesired  type  balance  out.  Can- 
cellation of  the  undesired  effect  is 
complete  if  the  orientation  of  the 
gages  is  exact  and  if  Rx  — R,  and 
Rt  = R,.  The  circuits  of  Fig.  2 
and  3 are  arranged  to  accomplish 
this  cancellation. 

Choice  of  Circuit 

Several  types  of  measuring  cir- 
cuits are  available.  The  choice  of 
circuit  depends,  first  of  all,  on  the 
frequency  characteristics  of  the 
stresses  being  investigated. 
Wherever  steady  stresses  are  to  be 
measured,  a bridge  type  of  circuit 
is  indicated.  For  measuring 
steady  stresses  only,  on  land  in- 
stallations, a d-c  bridge  supply  is 
used  and  a sensitive  galvanometer 
is  employed  as  an  indicator.  Such 
galvanometers  are  useless  on  ship- 
board, so  that  some  other  method 
must  be  used  if  shipboard  experi- 
ments or  the  measurement  of 
vibratory  quantities  is  contem- 
plated. 

A d-c  bridge-supply  could  con- 
ceivably be  used  with  d-c  amplifica- 
tion, but  the  use  of  a-c  bridge-sup- 
ply  and  carrier-current  methods  is 
much  to  be  preferred.  Some  addi- 
tional complications  are  introduced 
by  the  use  of  carrier,  notably  those 
due  to  the  necessity  of  maintaining’ 
the  bridge  in  reactive  as  well  as 
resistive  balance,  but  these  com- 
plications are  outweighed  by  the 
fact  that  the  carrier-current  am- 
plifier is  superior  to  the  d-c  ampli- 
fier in  reliability,  freedom  from 
hum,  gain,  stability  and  simplicity. 
Carrier-current  methods  are  well 
adapted  to  simultaneous  measure- 
ment of  both  steady  and  alternat- 
ing stresses. 

If  alternating  stresses  only  are 
to  be  measured,  the  circuits  of  Fig. 

3 are  indicated.  This  makes  it  pos- 
sible to  dispense  with  the  carrier- 
current  source  (usually  a 6-watt 
electronic  oscillator)  and  the  bridge 
control  equipment.  In  addition, 
the  inconvenience  of  maintaining 
the  balance  of  a bridge  is  avoided, 
and  the  potentiometer  supply-bat- 
tery can  often  be  mounted  on  the 
shaft,  thus  minimizing  much  of  the 
difficulties  experienced  with  brush 
contacts. 

Obtaining  stress  records  by 
Photographing  the  screens  of 
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FIG.  3 — Basic  potentiometer  circuits  tor 
measuring  alternating  stresses  only.  Be 
sistors  Hi  to  H,  are  strain  gages,  while  H, 
is  a fixed  resistor  generally  mounted  on  the 
rotating  shaft  but  not  shown  In  Fig.  1.  Clr- 
cuit  (a)  is  lor  thrust  measurements,  (b)  lor 
bending,  (c)  lor  torque,  (d)  lor  simplified 
thrust  measurements,  and  (e)  lor  simplified 
torque  measurements 

cathode-ray  oscilloscopes  in  the 
ordinary  way  is  possible  but  not 
very  satisfactory.  The  stresses  are 
subject  to  random  variations  in 
time  which  confuse  a record  taken 
with  repeating  sweep  and  are  apt 
to  cause  misconceptions  if  single 
sweep  is  used.  Due  to  the  short 
length  of  record,  harmonic  content 
is  difficult  to  determine  from 
cathode-ray  pictures;  furthermore 
many  vibration  investigations  re- 
quire taking  four  to  12  simulta- 
neous records.  This  can  be  done 
conveniently  with  a magnetic  oscil- 
lograph but  not  so  conveniently 
with  cathode-ray  oscilloscopes. 

Choice  of  Record  log  lutframod 

Several  commercially  available 
oscillographs  are  supplied  with 
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galvanometers  that  have  an  un- 
damped natural  frequency  of  about 
2000  cps  and  will  therefore  reli- 
ably record  frequencies  up  to  600 
or  700  cps,  which  is  ample  for  un- 
rectified carrier  recording  and 
more  than  ample  for  rectified  car- 
rier or  direct  recording  of  vibra- 
tion stresses  in  machine  parts. 
These  galvanometers  require  about 
5 ma  per  inch  deflection  and  hence 
can  be  driven  direct-coupled  from 
low-power  receiving  tubes  such  as 
the  6J5.  A further  increase  in 
sensitivity  would  offer  little  advan- 
tage and  would  involve  a galva- 
nometer sensitive  to  mechanical 
shock  and  inferior  in  frequency 
range. 


ItarecHfitd  Carrier  Method 


The  unrectified  carrier  method 
of  measurement  is  the  simplest 
method  by  which  both  steady  and 
alternating  stresses  can  be  meas- 
ured. Gages  are  mounted  in  ac- 
cordance with  Fig.  1 and  connected 
in  accordance  with  Fig.  2.  The 
choice  of  carrier  frequency  is  dic- 
tated by  a typical  engineering  com- 
promise. A high  carrier  fre- 
quency permits  the  measurement 
of  higher-frequency  stress  oscilla- 
tions but  requires  a somewhat 
more  critical  reactance  balance. 

' Carrier  frequencies  in  the  neigh- 
borhood of  400  cps  have  been  found 


satisfactory  for  most  shipboard  ap- 
plications, although  frequencies  as 
high  as  1500  cps  have  been  used. 

The  principal  circuit  arrange- 
ments are  shown  in  Fig.  4.  All 
long  connections  are  made  with 
shielded  microphone  cable;  by  fol- 
lowing this  practice  it  has  been 
found  possible  to  locate  the  meas- 
ofing  instruments  as  much  as  200 
feet  from  the  shaft  without  dele- 
terious effects.  This  fact  is  often 
useful  on  shipboard,  where  instru- 
ment locations  near  the  propelling 
machinery  are  often  undesirable 
for  one  reason  or  another.  Trans- 
ormer  Th  shown  as  located  on  the 
‘haft,  can  be  located  at  the  ampli- 
er  input  without  great  loss  in 
mgnal-to-noise  ratio.  Capacitors 
1 and  C,  are  used  for  balancing 

ou  stray  capacitances. 

In  practice,  switches  S,  and  S, 
d resistor  R,  are  adjusted  so  that 
>JLUe  t*eca<^e  shunt  resistor  S 
**veen  20,000  and  50,000  ohms 
balance  the  bridge  when  the 


shaft  is  idle.  Adjustment  of  the 
bridge  to  balance  when  the  shaft  is 
idle — that  is,  stressed  as  little  as 
possible — is  known  as  the  zero  bal- 
ance adjustment. 

Suppose  the  bridge  is  adjusted  to 
zero  balance  and  the  shaft  then 
subjected  to  its  normal  load.  If, 
as  is  normally  the  case,  the  stress 
being  measured  has  a steady  com- 
ponent and  an  alternating  compo- 
nent whose  peak  value  is  less  than 
the  steady  component,  the  bridge 
output  will  be  a modulated  sine 
wave  whose  percentage  modulation 
is  less  than  100.  The  distance  be- 
tween the  upper  and  lower  envel- 
opes at  any  point  of  an  oscillogram 
of  this  modulated  wave  is  propor- 
tional to  the  instantaneous  stress 
in  the  shaft 

Figure  5 is  a sample  oscillogram 
taken  by  the  unrectified  carrier 
method.  Changing  the  setting  of 
shunt  S (Fig.  4)  will  change  the 
amplitude  of  the  unmodulated  por- 
tion of  the  bridge  output  by  a con- 
stant amount.  So  far  as  the  bridge 
output  is  concerned,  this  is  equiva- 
lent to  adding  or  subtracting  a 
constant  stress,  the  magnitude  of 
the  addition  being  calculable  by 
formulas  presented  later  in  this 
paper.  If  the  alternating  compo- 
neht  of  stress  is  a small  fraction 
of  the  steady  component,  this  fea- 
ture can  be  used  to  increase  the 
portion  of  the  record  taken  up  by 
the  alternations.  If  the  alternat- 
ing component  of  the  stress  is 
greater  than  the  steady  component, 
this  feature  can  be  used  to  prevent 
overmodulation.  The  bridge  must 


always  be  adjusted  so  that  the 
bridge  output  never  falls  to  zero, 
otherwise  the  interpretation  of  the 
oscillogram  is  uncertain. 

Figure  6 shows  the  circuit  of  an 
amplifier  suitable  for  both  the  un- 
rectifled  and  rectifled-carrier 
methods  of  measurement. 

Rectified  Carrier  Method 

Two  advantages  result  from  rec- 
tifying the  bridge  output  before  ap- 
plying it  to  the  oscillograph ; the  os- 
cillograph is  not  required  to  record 
such  high  frequencies,  and  the  re- 
sulting oscillogram  is  easier  to 
read. 

Simple  diode  rectification  of  the 
output  is  easily  accomplished  but 
is  not  too  satisfactory.  The 
bridge  must  in  any  case  be  ad- 
justed so  that  its  output  is  not 
overmodulated  and  yet  the  steady 
component  of  carrier  frequency 
must  not  be  large  enough  to  sat- 
urate the  amplifier.  The  presence 
of  an  unsuitable  amount  of  carrier 
is  not  very  obvious  on  the  oscillo- 
graph when  the  carrier  is  simply 
rectified. 

It  is  much  better  to  use  a bridge- 
detector  circuit  which  registers  the 
direction  as  well  as  the  amplitude 
of  the  bridge  unbalance.  Many  bal- 
anced detectors  are  phase-sensitive. 
A particularly  simple  and  success- 
ful circuit  is  the  one  given  in  Fig. 
7,  which  is  similar  in  some  re- 
spects to  the  circuit  of  the  cosine 
galvanometer  manufactured  by  the 
Hickock  Instrument  Company. 

In  practice,  R,  is  adjusted  so  that 
the  output  milliammeter  reads  zero 


FIG.  4 Circuit  used  lor  unrectified  carrier  method  of  measurement.  T,  Is  an 

isolating  transformer  which  also  matches  brldg#  input  lmpedcmcs  to  oscillator 
output  Impedance.  T,  is  a step-up  transiormer  bridge  output  to  single  grid, 
chosen  for  low  60-crcle  hum  pickup 
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when  the  input  terminals  of  the 
carrier-current  amplifier  are 
shorted.  Then,  if  the  bridge  is  un- 
balanced in  a direction  such  that 
the  grids  of  VT,  and  VT,  are  posi- 
tive when  the  plate  of  V7\  is  posi- 
tive, the  plate  current  of  VT,  is  in- 
creased. This  requires  that  the 
grids  be  negative  when  the  plate  of 
VT,  is  positive,  so  that  the  plate 
current  of  VT,  is  decreased.  As  the 
current  through  the  galvanometer 


FIG.  5 — Sample  oscillogram  obtained  by 
the  unrectlflod-carrier  method 


and  output  meter  is  the  difference 
of  these  two  currents,  the  net  re- 
sult is  an  average  rectified  current 
in  the  direction  given  by  the  arrow. 
An  unbalance  in  the  opposite  direc- 
tion results  in  output  current  in 
the  opposite  direction.  The  bridge 
can  therefore  be  kept  balanced  for 
the  average  existing  stress  at  all 
times,  the  oscillograph  recording 
the  instantaneous  departures  from 
average  and  the  milliammeter  serv- 
ing as  a null  indicator  for  the 
steady  component. 

A sample  oscillogram  taken  by 
the  rectified  carrier  method  is  given 
in  Fig.  8. 


Direct  Method 


In  many  cases,  a knowledge  of 
the  alternating  component  of  stress 
is  all  that  is  desired ; in  fact,  vibra- 
tion testing  is  the  major  field  of 
usefulness  of  the  technique  for 
measuring  stresses  in  rotating 
shafts.  Where  measuring  the 
steady  component  is  unnecessary 
or  impractical,  labor  and  apparatus 
are  conserved  by  using  the  direct 
method.  The  output  of  the  strain 
gages  (connected  as  shown  in  Fig. 
3)  is  fed  to  an  amplifier  such  as 
the  one  diagrammed  in  Fig.  9, 
through  blocking  capacitor  C ,. 

The  principal  difficulty  involved 
is  that  the  extremely  low  fre- 
qu^gj^^ncountered  complicate 
, design.  Alternating 


stresses  whose  frequencies  are  as 
low  as  2 cps  are  often  encountered ; 
frequencies  above  30  cps  are  rare. 
For  these  low  frequencies,  trans- 
former coupling  is  out  of  the  ques- 
tion. The  oscillograph  galva- 
nometer, which  has  an  im- 
pedance of  12  ohms  or  less, 
must  be  direct  - coupled  to 
the  output  stage.  The  other  stages 
are  resistance-capacitance  coupled 
and  their  design  presents  no  partic- 
ular difficulties  except  drift.  That 
is,  the  output  voltage  of  a very  low- 
frequency  amplifier  is  likely  to  vary 
spontaneously  over  a considerable 
range,  the  period  of  the  variations 
being  rather  indeterminate  but  of 
the  order  of  several  seconds. 

Mr.  George  Cook  of  the  David 
Taylor  Model  Basin  staff  points  out 
that  drift  is  largely  due  to  small 
variations  in  the  amplifier  supply 
voltages  and  particularly  to  the  dif- 
ficulty in  maintaining  the  poten- 
tials of  the  screen  grids  of  the  early 
stages  rigidly  constant  over  so  long 
a period.  For  this  reason,  the  plate 
supply  is  derived  from  a carefully 
designed  electronic  regulator.  Type 
12SJ7  amplifier  tubes  are  used,  and 
their  heaters  (in  series)  are  sup- 
plied with  direct  current  from  the 
regulator.  As  screen  bypass  capaci- 
tors adequate  down  to  a fraction  of 
a cycle  are  impractical,  screen  po- 
tentials are  supplied  from  a dry 
battery.  Although  the  current  re- 
quired is  only  0.1  ma  per  tube,  the 
smaller-size  B batteries  were  found 
unsatisfactory  due  to  high  internal 
resistance,  so  that  medium-size 
B batteries  had  to  be  used. 

When  this  development  was 


started,  it  was  anticipated  that 
connections  to  and  from  the  g;  - 
mounted  on  the  rotating  s', 
would  represent  the  most  diffi  - 
of  the  problems  to  be  solved.  W ; 
this  expectation  proved  to  be  t 
rect,  it  has  been  found  possibl  ; 
make  slip  rings  and  brushes  wl  4 
are  quite  satisfactory. 

Slip-Mags  and  Brushes  -1 

i 

A ray  of  hope  was  offered  at  L 
outset  by  A.  C.  Ruge,  who  poix  , 
out  that  if  a complete  bridge  ’ 
mounted  on  the  shaft  and  the  br  * 
connections  inserted  in  the  in  . 
and  output  leads  of  the  bridge,  ^ * 
iations  in  brush  resistance  prod 
only  second-order  effects  on 
output.  Nevertheless,  the  secc 
order  effects  are  sufficiently  trour 
some  so  that  good  brush  contf 
are  required  in  any  case. 

Analysis  of  the  circuits  invol- 
shows  that  the  total  variation  in 
contact  resistance  of  the  brua 
carrying  the  input  current  is 
principal  disturbing  factor.  1 -- 
necessity  for  using  the  adjusts 
shunt  resistor  off  the  shaft  (S 
Fig.  4)  makes  the  problem  mi  . 
worse  than  it  otherwise  would 
Brush  contacts  also,  generate  sir  .■ 
random  voltages  or  brush  ht 
when  the  rings  are  rotating.  1 
voltages  thus  arising  from  the  si 
ing  contacts  in  the  bridge  or  ) . 
tentiometer  output  circuit  are  i 
jectionable  if  present,  but  in  gc  ... 
eral  cause  less  trouble  than  vai  ... 
ing  resistance  in  the  input  cc 
tacts. 

The  requirements  for  brush 
for  this  purpose  are,  then,  gre 


FIG.  6 — Circuit  of  amplifier  used  with  both  unrectified  carrier -current  method  and 
rectified  carrier-current  method.  The  filter  is  adjusted  to  give  maximum  flatness 
between  800  and  1.200  cps  and  maximum  attenuation  below  100  cps  lor  minimizing 
hum.  When  using  the  amplifier  in  conjunction  with  the  rectifier  of  Fig.  7 the  filter 
is  omitted  to  avoid  possible  phase  shift 
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constancy  of  contact  resistance  and 
low-amplitude  brush  hash.  At  the 
low  current  levels  used,  the  contact 
does  not  show  the  nearly  constant 
drop-of-potential  characteristic  of 
motor  and  generator  brushes.  The 
brush  has  a fairly  definite  average 
contact  resistance.  As  the  disturb- 
ing factor  is  the  total  resistance 
change  rather  than  the  percentage 
change  in  contact  resistance,  low 
average  contact  resistance  is  a de- 
sirable feature.  In  general,  brush 
hash  is  likely  to  be  tolerable  if  the 
materials  of  brush  and  ring  are  not 
too  dissimilar.  It  will  be  seen  that 
the  requirements  for  a good  brush 
for  this  application  are  quite  differ- 
ent from  the  requirements  for  a 
motor  or  generator  brush  in  con- 
ventional applications. 

It  is  obvious  that  any  tendency 
for  the  brush  to  leave  the  ring  even 
momentarily  produces  intolerable 
' interference;  nevertheless  the  par- 
amount importance  of  proper  align- 
ment of  the  rings  was  not  appreci- 
ated for  some  time.  In  many  cases, 
as  for  example  when  measuring 
stresses  in  the  propeller  shafts  of 
ships,  the  ends  of  the  shaft  are  not 
accessible  so  that  it  is  necessary  to 
make  the  rings  in  halves  and  clamp 
them  around  the  shaft.  It  has  been 
found  that  filling  the  crack  between 
the  ring  halves  with  solder  and 
dressing  down  with  a file  reduces 
brush  interference  by  a large  fac- 
tor. Polishing  the  rings  with  a 
commutator-dressing  stone  while 
they  are  rotating  has  also  proved 
helpful. 

A number  of  different  combina- 
tions of  ring  and  brush  material 
have  been  tried.  Present  practice 
is  as  follows : A standard  connector 
unit  comprising  12  silver  rings  with 
1 silver-graphite  brushes  has  been 

• constructed.  The  construction  of 
this  unit  is  shown  in  Fig.  10  and 
11.  This  provides  enough  contacts 
for  almost  any  test  and  is  used 
whenever  the  end  of  the  shaft  being 
i tfstod  is  accessible.  For  installa- 

tion where  the  end  of  the  shaft  is 
not  accessible,  half-rings  are  formed 
from  square  brass  stock  and 
clamped  around  the  shaft,  as  shown 
in  a photograph  appearing  on  the 
I hwt  page  of  this  paper.  A multi- 
Pto-wire  brush  is  now  always  used. 
The  optimum  brush-pressure  is  the 
least  pressure  which  will  hold  the 
brush  on  the  ring. 


FIG.  7 Circuit  used  tor  the  rectified -carrier  method  ol  measurement 
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FIG.  8 — Sample  oscillogram  obtained  by 
the  rectified-carrier  method 


Computation  of  Results 


Let 

A 

D 

d 


cross-eection&l  area  of  shaft,  sq.  in., 
outside  diameter  of  shaft,  in. 
inside  diameter  of  shaft,  in. 

Young’s  modulus  of  shaft,  lb.  per 
sq.  in.; 

G “ shear  modulus  of  shaft,  lb.  per  sq.  m. ; 

N — Poisson’s  ratio  of  shaft 

Q = torque  applied  to  shaft,  lb.-in. 

T = axial  thrust  applied  to  shaft,  lb.  _ 

M = bending  moment  at  gage  location, 
lb.-in. 

Sr  = shearing  stress  in  shaft  due  to  torque, 
lb.  per  sq.  in. 

St  =*  axial  stress  in  shaft  due  to  thrust,  lb. 
per  sq.  in. 

Sb  = fibre  stress  at  gage  location  due  to 
bending,  lb.  per  sq.  in. 
to  flg  - unstressed  resistances  of  gages 
of  Fig.  1,  ohms 

R,  = resistance  of  ballast  resistor,  Fig.  4. 

5 = specific  resistance  variation  of  gage 

Pi  = instantaneous  value  of  input  to 
strain -gage  bridge  or  potentiometer, 
volts  (pi  is  constant  for  potenti- 
ometer) 

Vi  = input  to  strain-gage  bridge,  rms 
volts  „ 

Vi  =»  instantaneous  value  of  output  from 
bridge  or  potentiometer,  volte 

Vi  = output  from  bridge  or  potentiometer, 

rms  volte 

When  the  shaft  is  subjected  to  an 
axial  compression  (thrust)  T, 
gages  Ri  and  R,  (Fig.  1)  are  sub- 
ected  to  a strain  along  their  strain- 
sensitive  axes  of  magnitude  T/AE. 
As  a compressive  strain  produces  a 
decrease  in  resistance,  the  resulting 
specific  change  in  resistance  is 
lT-  - kT/AB 

Due  to  the  Poisson’s  effect. 


gages  R,  and  Rt  are  subjected  to  a 
strain  of  magnitude  NT/AE  in 
tension.  This  produces  an  increase 
in  specific  resistance 

Sr'  - NkT/AB  - ffSr 
Similarly,  a bending  moment  M, 
if  applied  to  the  shaft  in  the  proper 
orientation,  produces  a specific  re- 
sistance change 

kS.  32  fc  it  D 
**  “ ~T  “ tE  (P*  - <**) 

in  gage  Ru  a specific  resistance 
change  of  -NS,  in  gage  Rt,  etc. 

Torsion  in  the  shaft  subjects 
Rt  to  R . to  a shear  strain  only,  and 
hence  does  not  affect  their  resis- 
tances. Similarly,  thrust  and  bend- 
ing do  not  affect  the  resistances  of 
gages  R,  to  R..  Torsion  produces  a 
strain 

^1_-^(1+A0 

in  gages  i2B  and  Ri  and  a strain 

i+W) 

in  gages  Rt  and  Rt.  As  E — 2G 
(1  + N)  and  Q = (*/16)  [(-D*  — 
/D]Sr,  the  corresponding  specific 
resistance  change  is 

- - Sr  (1  + AO 


kM'  StQOP 

The  resistances  of  the  gages  under 
stress  are  then  respectively 


(1  + lr-H,  % 
(1  - N St  - Af«e) 
(1  + St  -f  $*) 

(1  — N6  t + N6b) 


where  the  S’s  have  all  been  defined 
in  terms  of  the  unknown  forces  or 
moments  and  shaft  geometry. 

It  is  now  only  necessary  to  de- 
termine the  S’s  in  terms  of  the  re- 
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sistor  values  used  and  the  output 
voltages  found  during  the  experi- 
ments. This  can  readily  be  done  by 
setting  up  the  Kirchhoff  law  equa- 
tions for  the  circuits  of  Fig.  2 and 
3,  using  the  resistances  of  the 
gages  under  stresses  as  just  given. 
These  computations  are  straight- 
forward but  rather  lengthy  and 
will  not  be  reproduced  here. 

Taking  advantage  of  the  facts 
that  (a)  all  the  S’s  are  very  much 
less  than  unity  (of  the  order  of 
0.001  or  less) ; (b)  the  shunt  re- 
sistor S can  be  kept  very  much 
larger  than  any  of  the  gage  resis- 
tances; and  that  (c)  the  value  of 
the  auxiliary  shunt  resistor  does 
not  affect  the  result  if  it  is  kept  con- 
stant during  the  tests,  the  results 
can  be  expressed  by  the  following 
simple  formulas: 

If  any  one  of  the  bridges  shown 
in  Fig.  2 is  balanced  when  the  shaft 
is  substantially  unstressed,  and  if 
when  the  shaft  is  subjected  to  a load 
the  bridge  output  is  F„  then 

For  measurement  of  thrust 


For  measurement  of  torque 


1 + AT  V V,  ) 


v 2E  f v'\ 

a + N)k\~wj 

T - 2AE  { V>\ 

(1  + AT)  fc  V F‘  / 

For  measurement  of  bending 

-T&rtt) 

<5  2 E ( V,  \ 

a + N)k\~K) 


2 AE 

(1  + AT)  k 


2 E 

(1  + AO  k 


M _ *E  (P*  ~ <**)  ( V>  \ 
16  (1  + N)  kD  \~VTJ 


St  - T *T' 

The  thrust  for  balance  with 
shunt  S' 

T-*±Jr 


OU  Hi!  L O 

q 20  / Fj  \ 

r * C fJ  Y - 

„ vQ(D>-  #)  / y,  \ 

W ” — 8 Td — / For  measurement  of  bending 


Note  that  VJV,  = vjv»  The 
phase-shift  in  the  carrier  produced 
by  the  bridge  and  amplifier  react- 
ances results  only  in  a time  delay 
which  is  constant  for  all  fre- 
quencies of  stress  variation  if  the 
phase-distortion  in  the  amplifier 
has  been  kept  low,  and  is  of  neg- 
ligibly small  magnitude  if  the  car- 
rier frequency  is  larger  than  the 
frequencies  of  stress  variation  by  a 
sufficiently  large  factor.  For  this 
reason,  either  instantaneous  or  rms 
voltage  values  can  be  used  in  the 
preceding  set  of  equations,  and  also 
in  the  two  sets  of  equations  imme- 
diately following.  These  equations 
can  be  readily  extended  to  cover 
cases  where  the  bridge  is  not  main- 
tained at  zero  balance.  If  S.  is  the 
value  of  the  shunt  resistor  S which 
results  in  zero  output  when  the 
shaft  is  not  stressed,  then  the 
values  of  the  typical  specific  re- 
sistance, stress,  and  force  or  mo- 
ment of  force  which  will  result  in 
-zero  output  with  some  other  value 
of  shunt  resistance  S'  are  given. 
For  measurement  of  thrust,  the 
specific  resistance  change  for  ob- 
taining balance  with  shunt  S' 

r.  - (S.  - S') 

2(1  + N)  S0  S' 

The  stress  for  balance  with  shunt  S' 


. ft  (3.  - S') 

' 2 (1  + AT)  8.  S' 


A ? 7, 

32  k D 

For  measurement  of  torque 
— _ft(&-  S') 

°Q  — o/ — 


©■  2 G — 

Sr  - -p  i, 

O _ *•  (**-  <*)  - 


The  resistance  of  the  auxiliary 
shunt  R,  does  not  matter  as  long 
as  it  is  the  same  for  all  values  of  S. 
Furthermore,  if  the  bridge  output 
is  V,  when  the  shunt  resistance  is 
S',  then  the  total  specific  resistance 
changes  Sr,  8,  and  S<„  the  total 
changes  in  stress  ST,  S,  and  S,  and 
the  total  changes  in  force  or  mo- 
ment T,  M and  Q are  given  by 
thrust 


■ iff 


St=  St  + 


1 + N\VJ 
2 E /tV 
(1  + N)  k \ V, , 


T ra  T 4-  2 AE  ( ^ \ 

^ (1  + N)  k\vj 


bending 


6b  = 5b  *f- 


^-•Output  to  cro  for 
.monitor 


To  mog 

250  < oscillograph  I 


+ .200 v. 


1IG.  3 Circuit  oi  ompUlie,  u«d  a,.  ma&oi  ^ 
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S.+ 
M + 


2 E (V,\ 

(1  + N)~k\ViJ 
rE(D>-d>)/r,\ 

l6(\+N)kD\VJ 


torque 

- Vi 

5q  — 5o  + yj 

„ s , 20/V,\ 

s'mST  + T\TJ 

n ai  rO(D'-d>)(V,\ 

8k  D \Vi/ 

The  circuits  given  in  Fig.  3 are 
always  used  with  capacitance  cou- 
pled amplifiers,  so  that  the  oscillo- 
graph indicates  only  the  alternat- 
ing component  of  output  voltage. 
For  this  reason,  it  is  best  to  ex- 
press the  results  thus  obtained  in 
terms  of  departures  from  average 
values  of  resistance,  stress,  and 
force,  rather  than  in  terms  of  de- 
parture from  the  condition  of  no 
external  load  as  was  done  for  the 
bridge  circuits.  With  this  under- 
standing, the  formulas  for  inter- 
preting the  results  of  measure- 
ments by  the  direct  method  are  as 
follows: 


for  circuit  of  Fig.  3(a) 


for  circuit  of  Fig.  3(d) 

8 -(B'  + «.  + fi'),/V.\ 
(fi  + *)S,  \vj 
for  circuit  of  Fig.  3(b) 


for  circuit  of  Fig.  3(c) 


for  circuit  of  Fig.  3(e) 


6q 


_ (a  + fi,  + / v,\ 

(s.  + r,)  ft,  V v,/ or 

(Bi  h-  it,)1  / y,\ 

as.  \vj 


Calibration  of  Equipment 

In  cases  where  the  shaft  studied 
nay  be  stopped  at  will,  the  two  car- 
ncr-current  methods  lend  them- 
^ res  to  very  simple  and  accurate 
calibration  in  terms  of  the  shunt 
resistor  S,  which  should  be  a pre- 
e»ion  decade  resistance  box. 

. V be  the  peak-to-peak  car- 
. ier  amplitude  as  measured  on  the 
'foulogram  in  an  unrectified  car- 
eer system,  or  the  deflection  of 
in  an  08Cillogram  taken 
i “e  rectified  carrier  system.  If 
I the  observed  amplitude 

I e®ection  taken  when  the  shunt 
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resistance  is  S,  < S.  and  y,  is  the 
observed  amplitude  or  deflection 
taken  when  the  shunt  resistance  is 
S,  > S.  (where  S.  is  the  shunt  re- 
sistance for  zero  balance),  then  it 
can  be  shown  from  formulas  al- 
ready presented  that 

for  circuit  of  Fig.  2(a) 

A E R i (S,  - S>)  y 

2 it  (1  + N)  Si  S,  (y.  + Ift) 

for  circuit  of  Fig.  2(b) 

„ w E (D1  &)  fli(S,~Si)  y 

M~Mk(l+N)D  SiS,  (pi  + !ft) 
for  circuit  of  Fig.  2(c) 

tGU*-#)  fl»(S,-Si)  y . 

V ” 32  k (D)  S,  S2  (j/i  + Vi) 

where  y is  the  instantaneous  de- 
flection or  amplitude  on  an  oscillo- 


FIG.  11 — The  connector  unit  ehown 
schematically  in  Fig.  10 


gram  taken  with  'any  desired  load 
on  the  shaft,  and  T,  M,  Q are  cor- 
responding instantaneous  values 
of  thrust,  bending  moment,  and 
torque  respectively. 

Unfortunately  some  shafts,  as 


for  example  the  propeller  shafts  of 
ships,  cannot  be  stopped  at  will. 
Calibrations  of  this  type  can  be 
made  with  the  shaft  under  load  by 
using  averages  values  of  y,  and  y„ 
but  if  the  average  stress  varies  in 
the  interval  between  the  recording 
of  the  first  and  second  oscillograms, 
errors  will  be  introduced. 

Potentiometer-type  strain-gage 
circuits  can  be  calibrated  by  mo- 
mentarily shunting  the  gages  in 
one  arm  of  the  potentiometer  with 
a known  high  resistance.  As  the 
associated  recording  equipment  is 
not  capable  of  registering  d-c  po- 
tentials, this  results  in  a transient 
excursion  of  the  oscillograph  beam; 
the  deflection  corresponding  to  the 
resistance  change  can  be  estimated 
but  is  subject  to  some  uncertainty. 
The  experience  of  the  author  with 
this  method  of  calibrating  poten- 
tiometer-type gage  circuits  indi- 
cates that  the  accuracy  is  rather 
low.  Change  of  shunt  resistance, 
however,  is  the  most  accurate 
method  of  calibrating  strain-gage 
bridges  if  the  stresses  in  the  shaft 
can  be  maintained  constant  during 
the  calibration. 

Alternatively,  calibration  can  be 
accomplished  by  measuring  the 
voltage  sensitivity  of  the  amplifier- 
oscillograph  combination  and  the 
voltage  supplied  to  the  gage  circuit. 
It  must  be  remembered,  however, 
that  while  the  deflection  of  the  os- 
cillograph beam  is  proportional  to 
instantaneous  voltage,  most  a-c 
voltmeters  and  standard  signal-gen- 
erators are  calibrated  in  rms  volts. 

The  voltage  sensitivity  of  the 


121 


ized  by 


amplifier-oscillograph  combination 
is 

K 2.828  V. 

(instantaneous)  volts  per  inch 
where  y,  is  the  peak-to-peak  de- 
flection produced  by  an  input  sig- 
nal of  V.  rms  volts,  when  using  the 
unrectified  carrier  or  direct  method 
and  y,  is  the  deflection  (from  zero) 
produced  by  an  input  of  V.  rms 
volts  when  using  the  rectified  car- 
rier method.  Then  for  thrust  meas- 
urements by  either  of  the  carrier- 
current  methods 

r-  5? . 2 

T (1  + If)  k (2.828  Fd 
. 2 AE  V.  y 

(1+  *0  * Vt  y. 

where  T is  total  instantaneous 
thrust,  f is  the  steady  thrust  for 
which  the  bridge  is  balanced,  y is 
the  distance  between  the  upper  and 
lower  envelopes  at  any  point  of  the 
oscillogram  if  unrectified  carrier  is 
used,  and  y is  the  distance  from  the 
zero  line  to  the  trace  if  rectified 
carrier  is  used. 

For  thrust  measurements  by  the 
direct  method,  instantaneous  val- 
ues of  the  alternating  component  of 
thrust  are  given 

for  the  circuit  of  Fig.  3(b) 
m_  4 AE  K.y  11.31  AEV.  y 

" (1  +N)k  * ” (1+JV)  k*  y. 
for  the  circuit  of  Fig.  3(c) 

T 4®  («» + ft  + ft.)*  g.  v 

k («,  + Ri)  R,  o, 

Similar  formulas  for  bending 
and  torque  measurements  can  be 
written  readily  enough. 

Acew-aey  aid  Sensitivity 

The  accuracy  of  measurements 
made  with  resistance-wire  strain- 
gages  is  affected  by  many  factors 
in  a complex  way.  No  completely 
definitive  analysis  of  the  errors  in- 
volved has  yet  been  made  so  far  as 
the  author  is  aware.  Nevertheless, 
the  upper  limit  of  the  probable 
over-all  error  is  quite  definitely 
known  and  it  can  be  confidently 
stated  that  the  accuracy  and  sensi- 
tivity are  sufficient  for  most  engi- 
neering tests. 

If  four  strain-gages  are  cemented 
to  a nonrotating  part  and  connected 
into  a bridge-type  network,  it  will 
be  found  that  the  zero  balance  of 
the  bridge  drifts  rather  erratically 
as  time  goes  on,  even  under  labor- 


atory conditions.  The  reason  for 
this  is  not  entirely  understood.  In 
general,  temperature  effects  are  the 
principal  source  of  errors  in  meas- 
uring steady  stresses.  The  gage- 
wire  itself  has  a low  temperature 
coefficient  of  resistance,  but  in  gen- 
eral the  material  to  which  the  gage 
is  cemented  has  a coefficient  of  ex- 
pansion different  from  that  of  the 
wire,  and  the  resulting  differential 
expansion  produces  strains  in  the 
wire  which  in  turn  produce  resis- 
tance changes.  Furthermore,  it  is 
possible  that  there  may  be  small 
changes  in  the  gage  constant  As  as 
the  temperature  changes.  However, 
in  laboratory  experiments  of  the 
type  just  described,  observed  tem- 
perature changes  did  not  correlate 
very  well  with  the  drift  in  zero  bal- 
ance. 

Another  source  of  difficulty  is 
the  leakage  resistances  associated 
with  the  bridge.  >This  effect  is  es- 
pecially severe  when  measurements 
must  be  made  in  a damp  location 
such  as  the  shaft  alley  of  a ship. 
Radiant  heaters  have  occasionally 
been  installed  in  the  hope  of  pre- 
venting condensation  of  moisture 
on  the  slip-ring  insulators  by  rais- 
ing the  temperature  slightly.  The 
effect  of  leakage  resistance  in- 
creases with  the  square  of  the  gage 
resistance;  however,  reducing  the 
effective  gage  resistance  by  using 
two  or  three  gages  in  parallel  in 
each  arm  of  the  bridge  did  not  ap- 
preciably improve  the  over-all  ac- 
curacy. 

Still  another  probable  source  of 
error  is  plastic  flow  in  the  cement 
used  to  secure  the  gages  to  the 
parts  under  test.  The  accuracy 
which  has  been  obtained  in  tests, 
where  it  was  possible  to  check  the 
results  of  the  gage  measurements, 
indicate  that  the  gage  wire  must 
follow  the  strains  in  the  surface  to 
which  it  is  attached  quite  closely. 
However,  the  precise  magnitude  of 
effects  of  flexibility  in  the  cement 
is  still  somewhat  in  doubt. 

In  some  cases,  it  has  been  pos- 
sible to  check  the  values  of  the 
steady  component  of  stress  in 
shafts  by  means  of  independent 
measurements.  In  these  cases,  the 
stress  values  obtained  from  the 
strain-gage  measurements  were 
rarely  in  error  by  more  than  100 
pounds  per  square  inch;  this  re- 
sult agrees  with  early  estimates 


published  by  the  Baldwin-Soutl 
wark  Company.  This  error  is  quit 
tolerable  if  the  stress  being  mea; 
ured  is  at  all  high.  In  cases  whei 
temperature  changes  do  not  occi 
rapidly  and  zero  balance  can  t 
checked  frequently,  it  should  1 
possible  to  improve  this  figure  coi 
siderably. 

It  has  not  been  possible  to  ol 
tain  such  definite  checks  on  the  a 
ternating  components  of  stress  i 
shafts.  It  is  estimated  that  the  a 
curacy  of  measurement  is  about  1 
per  cent  in  cases  where  severe  tei 
perature  changes  are  involved,  at 
three  to  five  per  cent  under  moi 
favorable  circumstances. 

The  sensitivity  to  stress  changi 
depends  on  whether  or  not  tl 
change  occurs  rapidly  enough  to  1 
distinguishable  from  the  drift  i 
zero  balance.  When  the  strei 
change  occurs  at  a frequency  < 
2 cps  or  more,  the  sensitivity  d 
pends  only  upon  the  ability  to  di 
tinguish  stress  changes  from  inte 
fering  stray  potentials  arisii 
from  the  amplifier  and  particular! 
from  the  brush  contacts.  Such  di 
ferentiation  can  often  be  made  c 
the  basis  of  wave-form  or  fr 
quency. 

Under  good  conditions,  alterna 
ing  stresses  as  low  as  10  pounc 
per  square  inch  have  been  detect© 
It  will  thus  be  seen  that  the  sens 
tivity  of  the  method  is  ample  ft 
engineering  tests. 
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Experimented  model  of  magnetostriction  compass,  employing  a balanced 
two-rod  arrangement  Systems  employing  a single  rod  an  equally  feasible 

MAGNETOSTRICTION 

COMPASS 

Rods  of  magnetostrictive  material  are  subjected  to  an  a-c  magnetic  field,  and  rotation  in  the 
earth’s  field  changes  the  amplitude  of  vibration  sufficiently  to  actuate  a crystal  pickup  feed- 
ing an  electronic  amplifier  and  zero-center  direction-indicating  meter 


By  R.  G.  ROWE 

Niagara  Falls,  Ne\c  York 

t C 

: *i 

' 1KTHILE  '■fn®  GYRo  compass  and 
' *W  radio  range  systems  have 
aided  immeasurably  in  the  art  of 
6 “Ration,  the  magnetic  compass 
V,.'  Persists  as  a tremendously 
3-  Meful  and  important  device.  All 

P^snetic  compasses,  however, 
- Buffer  several  definite  impediments 
rr-"  to  accurate  operation,  one  of  which 
.or  is  known  as  the  acceleration  error. 
? For  example,  with  a magnetic  com- 
• r moun^  *n  aircraft,  for  a right 
tun  from  a north  course  the  com- 
Wss  will  indicate  that  the  pilot  is 
~r^ing  left,  due  to  the  fact  that 
iif>  “ruig  the  banked  turn  the  plane  of 
;p  * PMdulously  mounted  compass 
%•  ®t8  from  horizontal  and  ro- 

i ■;  “*  erroneously  owing  to  the  now- 

I Present  vertical  component  of  the 


FIG.  1 Elementary  magneto  compaee.  In 

which  the  Held  lor  the  rotating  armature  i* 
provided  by  the  magnetic  Ueld  ol  the  earth 
passing  through  the  highly  permeable  pole 

pieces 


earth’s  field.  On  a left  turn  the  re- 
verse action  will  take  place,  ren- 
dering this  type  of  compass  inac- 
curate as  a turn  indicator. 

A further  compass  error  is  often 
introduced  through  the  unfavor- 
able magnetic  location  of  the  com- 
pass on  the  instrument  panel  of 
the  aircraft,  because  of  the  prox- 
imity of  the  motor  and  the  disturb- 
ing fields  of  wires  carrying  current 
to  other  instruments  and  controls. 

Magneto  Compass 

The  magneto  compass  provided 
one  of  the  first  means  for  elimi- 
nating errors  due  to  unfavorable 
magnetic  location  of  the  field-re- 
sponsive device  as  well  as  substan- 
tially reducing  errors  due  to  accel- 
eration. In  Fig.  1 is  an  elemen- 
tary sketch  of  the  magneto  com- 
pass, which  consists  of  a coil  rota- 
ting between  the  specially  shaped 
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pole  pieces  consisting  of  two  highly 
permeable  rods.  When  the  rod 
axes  lie  in  an  east-west  direction 
no  poles  are  induced  and  no  volt- 
age is  generated  by  coil  rotation. 
When  the  rod  axes  are  in  a north- 
south  direction  poles  are  induced 
and  a voltage  is  generated.  By 
pendulous  or  gyro  stabilization  of 
the  rods,  acceleration  error  may  be 
reduced.  The  rod  axes  may  tilt 
over  a restricted  range  with  re- 
spect to  the  armature  spin  axes 
without  affecting  compass  opera- 
tion. This  field-responsive  device 
may  be  installed  in  a variety  of 
favorable 'magnetic  locations,  with 
appropriate  leads  to  the  indicating 
meter  on  the  instrument  panel. 

In  the  magneto  type  of  compass 
there  are  limits  to  the  reduction  of 
the  acceleration  error,  partially  due 
to  the  mechanical  limits  of  the  tilt 
between  the  rod  axis  and  the  arma- 
ture spin  axis.  Further,  this  com- 
pass requires  some  sort  of  motor 
drive  for  the  armature  as  well  as 
commutation  to  rectify  the  devel- 
oped voltage.  It  would  be  an  ad- 
vantage to  eliminate  the  rotating 
armature  and  provide  some  other 
means  for  indicating  flux  density 
in  the  permeable  rod.  In  recent 
years  this  has  been  accomplished 
effectively  by  using  rods  or  thin 
sheets  of  a material  which  is 
partially  or  fully  saturated  by  the 
earth's  magnetic  field.  Electrical 
means  are  provided  for  indicating 
the  state  of  saturation  of  the 
material  according  to  its  position 
in  the  earth’s  field,  generally 
employing  various  modifications  of 
a transformer  with  the  easily 
saturable  material  as  the  core. 

Magsetosfrlctlon  Phenomenon 

The  experimental  magnetic  field- 
responsive  device  or  compass  de- 
scribed here,  which  may  be  called 
a magnetostriction  compass,  does 
not  depend  on  core  saturation  for 
its  operation.  Instead,  this  com- 
pass employs  the  effect  of  weak 
fields,  such  as  the  earth’s  field,  on 
the  magnetostrictive  action  of  vari- 
ous materials  exposed  to  the 
observed  field. 

In  general,  magnetostriction  re- 
fers to  that  set  of  phenomena  in 
which  certain  materials  exhibit  a 
change  in  dimension  upon  magneti- 
zation. Figure  2 graphically  illus- 
trates the  way  in  which  various 
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FIG.  2 — Example*  oi  magnetostriction 
curves  ior  various  materials,  showing  the 
percent  change  in  length  with  Intensity  oi 
a magnetic  Held  H 


FIG.  3 — Expanded  magnetostriction  curve, 
illustrating  how  shifting  oi  the  operating 
point  causes  changes  in  amplitude  oi  vibra- 
tions produced  by  a superimposed  a-c  field 

ferromagnetic  substances  change 
their  length  in  a magnetic  field. 

If  a rod  of  ferromagnetic  or 
magnetostrictive  material  is  sus- 
pended in  the  field  of  the  earth,  the 
length  of  the  rod  changes  in 
accordance  with  its  position  in  the 
field.  The  change  in  length  attend- 
ing magnetization  by  weak  fields 
such  as  that  of  the  earth  is  so  ex- 
ceedingly minute,  however,  that 
rugged  mechanical  means  for 
indicating  the  dimensional  changes 
would  ,be  difficult  to  design  and 
construct. 

When  an  alternating  current 
field  is  impressed  on  a partially 
premagnetized  rod  in  addition  to 
the  steady  field  under  observation, 
however,  variations  in  the  in- 
tensity of  the  observed  field  will 
cause  a remarkable  change  in  the 
resonant  amplitude  of  vibration  of 
the  rod.  This  action  can  be  readily 


explained  with  reference  to  the  ex- 
panded magnetostriction  curve  in 
Fig.  3. 

When  the  rod  is  so  positioned 
that  the  earth’s  magnetic  field 
places  the  operating  point  at  6 on 
the  curve,  an  a-c  field  that  swings 
H from  a'  to  & about  operating  point 
b will  make  the  change  in  rod  length 
vary  between  a"  and  e".  If  the 
rod  is  then  moved  more  nearly 
parallel  to  the  earth’s  magnetic 
field  so  as  to  shift  the  operating 
point  to  e on  the  curve,  the  same 
a-c  field  will  now  cause  a much 
greater  change  in  rod  length,  from 
b"  to  d". 

When  the  frequency  of  the  ap- 
plied alternating  magnetic  field  is 
closely  matched  to  that  of  a natural 
elastic  longitudinal  period  of  the 
rod,  resonance  occurs  between  the 
electrical  and  mechanical  systems 
and  the  amplitude  of  rod  displace- 
ment becomes  large  enough  to  be 
detected  electrically  by  conventional 
vibration  pickups.  Steady  magnetic 
fields  of  low  intensity,  such  as  the 
earth’s  field  of  0.15  to  0.30  gauss, 
are  of  sufficient  magnitude  to  shift 
the  operating  point  on  the  curve 
and  produce  variations  in  the  am- 
plitude of  vibration  of  the  rod. 

Magaatostrictioa  Compass 

An  experimental  version  of  the 
magnetostriction  compass  is  shown 
schematically  in  Fig.  4.  Magneto- 
striction rods  A and  B are  made  of 
annealed  steel  and  cut  to  identical 
dimensions  so  both  will  resonate  at 
the  same  frequency.  A close  ap- 
proximation of  the  fundamental 
longitudinal  period  of  the  rods  may 
be  determined  by 


where  / is  frequency  in  cps,  l is 
rod  length  in  cm,  E is  the  elastic 
modulus  of  the  rod  material  in 
dynes  per  sq  cm,  and  d is  the  dens- 
ity of  the  rod  material  in  grams  per 
cu  cm.  For  a rod  of  annealed  steel 
25.4  cm  long  for  which  d is  7.8  and 
E is  22  x 10u,  the  resonant  fre- 
quency is  approximately  10,000  cps. 

Both  of  the  rods  in  Fig.  4 are 
firmly  clamped  at  their  midpoints 
(nodes),  permitting  the  assembly 
to  be  rotated  in  the  horizontal  com- 
ponent of  the  earth’s  field  while  the 
rods  are  retained  parallel  and  in  the 
same  plane.  To  facilitate  mount- 
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ing,  the  coils  on  each  rod  are  split 
l into  two  sections.  The  alternating- 
i current  winding  is  close-wound  di- 
rectly on  each  rod,  with  the  pre- 
1 magnetizing  winding  space-wound 
1 directly  over  it.  The  a-c  windings 
are  excited  from  a convenient 
I source  of  alternating  current  such 
: as  an  audio  signal  generator.  The 

* battery,  potentiometers,  and  pre- 

* magnetizing  windings  cooperate  to 
' magnetize  each  rod  oppositely  and 

independently. 

3 To  detect  the  longitudinal  rod  vi- 
K bration,  a shielded  piezoelectric 
c rochelle  salt  crystal  is  affixed  at  the 
*5  end  of  each  rod.  The  remainder  of 
the  circuit  is  quite  conventional, 
l:'  with  two  audio  amplifiers  to  am- 
plify the  rod  output  signals,  two 
tuned  filter  circuits  to  pass  only 

- the  rod  frequency,  and  a balanced 

- metering  circuit  to  indicate  changes 
1 in  amplifier  output  which  are 

caused  by  changes  in  rod  output. 

Operation  ef  Compass 

Initially,  rods  A and  B are  posi- 
tioned in  an  east-west  direction  and 
slightly  but  oppositely  magnetized 
by  the  battery,  potentiometers  and 
premagnetizing  windings.  An  al- 
ternating excitation  voltage  is  then 
applied  to  the  other  windings  by  a 
variable-frequency  generator,  the 
frequency  of  which  is  tuned  to  the 
mechanically  resonant  fundamental 
r longitudinal  period  of  the  rods.  Rod 
resonance  is  easily  observed  by  not- 
ing amplifier  output.  When  the  ap- 


proximate fundamental  period  is 
first  determined  by  calculation, 
slight  frequency  adjustment  over 
the  neighboring  range  will  assure 
resonance  between  the  electrical  and 
mechanical  systems.  The  gain  of  the 
amplifiers  and  the  setting  of  the  po- 
tentiometer in  the  metering  circuit 
are  now  adjusted  so  that  the  center- 
zero  meter  shows  no  deflection. 

Now  when  the  rods  are  rotated, 
magnetic  flux  lines  appear  along 
the  longitudinal  axes  of  the  rods 
due  to  the  earth’s  magnetic  field. 
If  the  polarity  of  this  new  field  adds 
to  the  premagnetized  condition  of 
rod  A,  it  will  simultaneously  buck 
the  premagnetized  condition  of  rod 
B,  because  the  two  rods  are  oppo- 
sitely premagnetized.  The  vibra- 
tional amplitude  of  rod  A will  in- 
crease and  that  of  rod  B will  de- 
crease, unbalancing  the  balanced 
metering  circuit  and  causing  the 
meter  to  deflect  to  the  right,  for  ex- 
ample. For  opposite  polarity  of  this 
new  field,  the  meter  will  deflect  in 
the  opposite  direction.  When  the 
longitudinal  axes  of  rods  A and  B 
are  parallel  to  the  horizontal  com- 
ponent of  the  earth’s  field,  the  zero- 
center  meter  will  give  a maximum 
deflection  either  to  right  or  left,  ac- 
cording to  the  field  polarity. 

Other  Applications 

Another  promising  circuit  uti- 
lizes one  premagnetized  magneto- 
striction rod  as  a magneto-mechan- 
ical feedback  link  in  a regenerative 


system  equipped  with  volume  com- 
pression, where  the  plate  current 
of  the  compressor  tube  indicates 
the  direction  or  magnitude  of  the 
observed  field.  Other  circuits  meas- 
ure the  phase  angle  between  the 
exciting  and  output  voltages  of  the 
rod  as  modified  by  the  external  field. 

An  unmagnetized  nickel  rod  be- 
comes shorter  when  introduced  into 
a magnetic  field,  the  change  in 
length  depending  on  field  intensity 
but  not  field  polarity.  In  an  alter- 
nating field  the  rod  will  be  short- 
ened twice  for  each  complete  cycle 
of  the  exciting  voltage.  A steady 
field  may  shift  the  operating  point, 
varying  the  percentage  of  second 
harmonic  component  in  the  funda- 
mental vibration,  and  this  wave- 
form distortion  is  easily  detectable. 

The  discovery  that  magnetic 
fields  of  low  intensity  exert  an  elec- 
tronically measurable  influence 
upon  mechanically  resonant  mag- 
netostrictive  systems,  as  well  as  the 
initial  development  of  suitable  elec- 
tronic measuring  means,  points  out 
the  way  for  further  development  in 
the  field  of  magnetics.  To  the  physi- 
cist it  provides  an  approach  to  plot- 
ting magnetostrictive  curves  at  low 
field  intensities.  To  the  metallurg- 
ist it  offers  the  possibility  of  de- 
veloping magnetostrictive  mate- 
rials with  particularly  suitable  and 
novel  magnetic  properties.  To  the 
electronic  engineer  it  affords  the 
basis  for  new  concepts  and  improve- 
ments in  instrumentation. 


FIG.  4 — Onm  form  el  magnetostriction  compass  circuit,  employing  two  vibrating  rods  in 
a balanced  arrangement  with  serocenter  voltmeter  V calibrated  to  Indicate  direction 
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Front  view  oi  loop  tester,  showing  the 
shielded  recording,  erasing,  and  repro- 
ducing heads.  To  the  extreme  right  is 
the  driving  capstan.  The  calibrated  dial 
for  speed  control  is  above  and  to  the 
back;  this  dial  reads  wire  speed  in  fps 


Research  Department 
Stromberg-Carlson  Company 
Rochester,  N.  Y. 


Research  indicates  the  optimum  value  of  a supersonic  bias  field  for  improving  linearity  of 
magnetic  transfer  characteristics  and  reducing  magnetic  noise  level.  Measurements  indi- 
cate the  effects  of  recording-reproducing  head  design  and  wire  speed  on  frequency  response 


Recent  developments  in  mag- 
netic recording  have  created  a 
new  and  widespread  interest  in  this 
recording  method.  Using  magnetic 
recording  it  is  easily  possible  to  pro- 
duce records  of  any  desired  length. 
It  is  possible  to  record  a complete 
symphony  or,  in  the  case  of  speech 
recordings,  an  entire  book  on  a sin- 
gle length  of  wire  without  any 
splice.  Another  great  advantage  in 
the  use  of  magnetic  recording,  as 
compared  with  recording  on  discs,  is 
that  the  record  material  shows  no 
appreciable  wear. 

When  a record  has  served  its  use- 
fulness, the  wire  recording  can  be 
erased  by  exposure  to  a supersonic 
field  and  the  recording  medium  will 
then  be  in  condition  to  receive  a 
new  record.  This  also  makes  it 
possible  to  correct  errors  in  record- 
ing without  destroying  the  entire 
record. 

As  the  novelty  of  recording  on 
magnetic  wire  wears  off,  those  who 
are  interested  in  recorded  music 
from  the  viewpoint  of  the  fidelity 
of  the  recording  rather  than  the 
novelty  of  the  method  are  going  to 


compare  this  newer  method  criti- 
cally with  some  . of  the  older 
methods.  If  magnetic  recording  is 
not  equal  to,  or  better  than  the 
older  methods  which  are  now  used 
for  the  recording  of  music,  it  will 
soon  lose  favor  with  these  critical 
listeners  except  for  novel  entertain- 
ment. 

Racordiag  Charocterlitlc. 

There  are  four  major  perform- 
ance characteristics  to  be  consid- 
ered in  the  study  of  any  recording 
system.  These  are:  (a)  non-linear 
distortion;  (b)  frequency  response; 
(c)  signal-to-noise  ratio;  (d)  wow 
or  flutter.  We  have  not  attempted 
to  name  these  in  the  order  of  im- 
portance. Any  one  of  these  factors 
may  be  the  limiting  one  insofar  as 
the  enjoyment  of  the  listener  is  con- 
cerned. 

We  shall  consider  magnetic  re- 
cording in  relation  to  the  first  three 
in  detail.  The  effects  of  wow  or 
flutter  are  well-known  and  it  is 
sufficient  for  the  purpose  of  this 
paper  to  point  out  that  wows  which 
are  not  even  noticeable  with  speech 


may  be  intolerable  with  music.  In 
general,  it  is  also  true  that  all  the 
requirements  for  good  reproduction 
of  music  are  much  more  severe  than 
those  for  the  intelligible  reproduc- 
tion of  speech. 

In  any  practical  magnetic  record- 
ing system,  some  method  of  biasing 
is  necessary  in  order  to  place  the 
operating  range  on  a linear  portion 
of  the  transfer  characteristic.  The 
most  obvious  method  and  the  one 
used  in  early  systems  employed 
direct  current  in  the  recording 
head.  Investigation  of  the  effects 
of  superimposed  alternating  fields 
and  direct  fields  on  ferromagnetic 
materials  showed  the  possibility  of 
using  a supersonic  field  for  bias. 

Any  magnetic  recording  system 
using  direct-current  bias  will 
ordinarily  leave  the  recording 
medium  magnetized  even  in  the 
absence  of  an  audio  signal.  This 
is  a disadvantage  from  the  view- 
point of  noise,  as  will  become  ap- 
parent later.  On  the  other  hand, 
the  system  using  a supersonic  bias 
leaves  the  recording  medium  prac- 
tically demagnetized  except  when  an 
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audio  signal  is  being  recorded.  This 
is  an  inherent  advantage  and  should 
result  in  a higher  signal-to-noise 
ratio  than  is  obtainable  with  earlier 
systems. 


A block  diagram  of  a complete 
magnetic  recording  system  employ- 
ing a supersonic  bias  field  is  shown 
in  Fig.  1.  Thg  recording  medium 
used  for  the  work  described  in  this 
paper  was  in  the  form  of  round 
wire;  longitudinal  magnetization 
was  employed.  For  laboratory  work 
the  system  was  made  as  flexible  as 
possible.  Two  well-shielded,  record- 
ing-reproducing heads  and  an  eras- 
ing head  are  used,  making  it  possi- 
ble to  record  and  then  play  back  a 
fraction  of  a second  later.  The 
auxiliary  equipment  includes  ampli- 
ers  with  flexible  equalizers  for  re- 
cording and  reproducing,  oscillators 
w'th  adjustable  output  and  fre- 
quency for  biasing  and  erasing,  and 
“ electronic  speed  control  for  the 
reversible-drive  motor.  Frequency- 
response  measurements  are  made 
1 an  automatic  frequency-re- 
8Ponse  recorder. 

Photographs  of  a loop  tester  for 
r^g  tests  with  a short,  endless 
are  shown.  With  this 
Derimf?*.11  18  possible  to  test  ex- 
and  » Dt*  recording,  reproducing, 
erasing  heads,  as  well  as  sam- 


ples of  recording  wire.  Frequency 
response  measurements,  signal-to- 
noise  ratio  measurements  and  even 
listening  tests  can  be  made,  as  well 
as  various  other  tests. 

Magnetic  recording  is  possible 
because  certain  ferromagnetic  ma- 
terials retain  some  magnetic  induc- 
tion after  removal  of  an  applied 
magnetic  field.  The  portion  which 
is  retained  is  called  remanence.  For 
the  benefit  of  those  readers  who 
may  not  be  familiar  with  the  dis- 
tinction between  remanence  and 
residual  induction  in  magnetic  ter- 
minology the  following  definitions 
are  given.  Remanence  is  the  mag- 
netic induction  which  remains  in  a 


magnetic  circuit  after  the  removal 
of  an  applied  magnetomotive  force. 
Residual  induction  in  a magnetic 
material  is  the  magnetic  induction 
at  which  the  magnetizing  force  is 
zero  when  the  material  is  in  a 
symmetrically  cyclicly  magnetized 
condition.  Remanence  is  usually 
less  than  residual  induction  because 
of  the  self-demagnetizing  field. 

Magastlc  Materials 

The  relation  betwen  the  residual 
induction  and  the  field  intensity  by 
which  it  is  produced  is  not  linear. 
A graph  showing  the  normal  mag- 
netization curve  and  the  residual 
induction  curve  for  a sample  of 
carbon-steel  wire  is  shown  in  Fig. 
2.  Starting  with  a completely  de- 
magnetized recording  medium,  it 
can  be  seen  that  severe  distortion 
will  occur  unless  some  means  of 
biasing  is  used.  A field  alternating 
at  a supersonic  frequency  can  be 
used  to  provide  this  bias. 

We  shall  now  analyze  the  com- 
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FIG.  1 — Block  diagram  ol  an  experimental  magnetic  recording  system  employing 
a supersonic  bias  field 


Magnetic  Recording 


Back  view  of  loop  tester.  Flywheels  lor 
reducing  speed  fluctuations  are  at- 
tached to  the  high  and  low-speed  shafts 
of  the  driving  motor.  An  alternator  con- 
nected to  the  high-speed  shaft  actuates 
the  electronic  speed  control 


FIG.  2 — Normal  magnetisation  curre  and 
residual  induction  curve  for  carbon-steel 

wire 


FIG.  3 — Schematic  diagram  of  a typical 
recording-reproducing  head 


bined  action  of  the  audio  field  and 
supersonic  bias  field  from  three 
points  of  view.  In  the  first  place, 
we  shall  examine  the  step-by-step 
relations  as  successive  elements  of 
the  recording  medium  enter  the  re- 
cording gap.  Next,  we  shall  extend 
the  analysis  to  show  the  averaging 
effect  from  point  to  point  for  a com- 
plete audio  cycle.  Finally,  we  shall 
show  the  analogy  between  these  ex- 
planations and'  the  commonly  ac- 
cepted graphical  analysis  for  a pair 
of  triodes  in  push-pull. 

Magnetic  Action  of  Supersonic  Field 

Figure  3 shows  a schematic  dia- 
gram of  a typical  recording-repro- 
ducing head.  Let  us  now  consider, 
step  by  step,  the  sequence  of  events 
taking  place  as  a demagnetized  ele- 
ment of  the  recording  medium  en- 
ters the  recording  gap  from  the 
seclusion  of  one  of  the  poles,  travels 
through  the  resultant  field  in  the 
gap,  and  finally  enters  the  slot  in 
the  second  pole  piece,  where  it  is 
again  shielded  from  the  influence  of 
the  recording  field. 


The  instantaneous  value  of  field 
intensity  in  the  gap,  H,  can  be  ex- 
pressed as  follows 

Ho  = Ha  sin  -f-  8i)  -f- 

Hn  in  C wjf  + A)  (1) 

in  which  Ha  is  the  maximum  instantaneous 
value  of  the  field  due  to  the 
audio  signal 

H . is  the  maximum  instantaneous 
value  of  the  field  due  to  the  bias 
signal 

m and  ui  are  the  angular  velocities 
corresponding  to  the  frequencies 
of  these  signals 

9i  and  are  the  relative  phase 
positions  of  their  respective 
signals 

The  graph  of  Fig.  4(a)  shows 
curves  of  instantaneous  values  of 
field  intensity  in  the  gap,  together 
with  the  audio  component  for  a 
typical  case. 

Assume  that  the  gap  length  is 
such  that  1.5  cycles  of  bias  signal 
will  have  been  completed  during  the 
passage  of  the  element  of  recording 
medium  through  the  gap.  This 
means  that  as  each  element  passes 
through  the  gap,  it  will  be  subjected 
at  least  once  to  a field  correspond- 
ing to  the  instantaneous  audio  sig- 
nal plus  the  peak  value  of  bias  field 
in  the  same  direction.  The  result- 
ant maximum  instantaneous  field  is 
the  one  which  in  large  measure  de- 
termines the  value  of  the  remanent 
flux  density. 

The  graphs  in  Figure  4(b)  illus- 
trate three  possible  cases  for  suc- 


cessive elements  entering  the 
recording  gap  during  a positive 
half-cycle  of  audio  signal.  Let  us 
refer  to  the  first  of  these  graphs 
and  consider  in  detail  the  phases 
through  which  an  element  of  record- 
ing medium  passes  as  it  is  sub- 
jected to  the  varying  resultant  field 
in  the  gap.  Assume  that  the  element 
enters  the  gap  in  a demagnetized 
state  at  time  t„  at  which  time  the 
resultant  field  is  zero.  As  the  field 
rises  to  its  first  positive  maximum 
value  P,  the  flux  density  in  the  ele- 
ment follows  the  initial  magnetiza- 
tion curve  to  point  P\  Succeeding 
variations  PQRS  in  the  resultant 
field  cause  the  flux  density  to  follow 
the  path  P'Q’R'  to  S'.  At  this  instant 
the  element  is  assumed  to  start  to 
enter  the  second  pole  piece,  the  re- 
sultant field  acting  on  the  element 
remanent  flux  density  corresponds 
to  the  signal  recorded  on  the  ele- 
ment. The  other  two  graphs  repre- 
sent the  changes  in  flux  density  for 
elements  entering  the  gap  at  t,  and 
t„  A linear  system  exists  only  if  the 
values  of  remanent  flux  density  are 
in  direct  proportion  to  the  corre- 
sponding instantaneous  values  of 
audio  signal. 

It  should  be  noted  that  this 
analysis  differs  considerably  from  a 
recently  published  explanation  of 
the  function  of  the  supersonic  bias 
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d field  in  tnat  each  of  the  curves  in 
, Fig.  4(b)  starts  from  the  origin 
i and  cannot  be  assumed  to  be  a part 
g of  or  attached  to  any  hysteresis 
loop.1  It  is  well-known  that  several 
„ cycles  with  constant  maximum  val- 
v ues  of  field  intensity' must  be  com- 
e pleted  before  the  induction  in  a 
E given  magnetic  material  can  be 
i assumed  to  follow  the  same  path 
ji  around  either  a major  or  a minor 
. hysteresis  loop.  In  a practical  case 
>.  there  is  not  enough  time  to  pro- 
duce  a stabilized  major  loop  because 
£ there  is  considerably  less  than  one- 
x half  cycle  of  audio  signal  during 


The  resulting  current  in  the  record- 
ing coil  and  field  strength  in  the 
gap  should  be  a simple  mixed  ^signal 
without  modulation. 

When  no  audio  signal  is  present, 
the  record  on  the  wire  will  consist 
of  a signal  of  supersonic  frequency 
and  of  low  amplitude.  The  ampli- 
tude will  be  low  for  two  reasons.  In 
the  first  place,  the  magnitude  of 
the  bias  field  is  adjusted  to  a value 
which  will  just  bring  the  operating 
point  for  zero  audio  signal  up  to 
the  lower  knee  on  the  residual  mag- 
netization curve.  The  corresponding 
value  of  residual  flux  density  for 


small  variations  are  eliminated  be- 
cause any  practical  reproducer  will 
not  respond  to  the  bias  frequency. 

This  being  the  case,  we  can 
analyze  the  performance  of  the  sys- 
tem during  recording  as  follows. 
Referring  again  to  Fig.  5,  the  posi- 
tive peak  values  of  resultant  field 
are  projected  up  to  the  residual-flux- 
density  curve.  The  corresponding 
residual-flux-density  values  are 
plotted  on  the  time  axis  at  the  right 
as  curve  A.  The  construction  for 
the  second  positive  peak  is  shown. 
The  negative  values  are  found  in  a 
similar  manner  and  are  plotted  as 


FIG.  5 — Graphical  analysis  shows  ths  combined  actions  oi  the  audio  and  FIG.  8 — Determination  oi  correct  bias  Hold 

supersonic  fields  in  the  recording  gap.  Construction  shows  how  recorded  flux  and  construction  of  overall  magnetic 

is  obtained  from  combined  magnetising  fields  and  magnetisation  curve  transfer  characteristic 


the  passage  of  an  element  through 
the  gap.  Neither  can  stabilized 
ninor  loops,  due  to  the  bias  field, 
he  assumed  because  for  even  a rela- 
tively high  value  of  bias  frequency 
°nly  three  or  four  cycles  will  be 
completed  during  the  transit  time 
“ an  element  across  the  gap.  Fur- 
ennore,  the  audio  signal  is  never 
Quite  constant,  even  for  this  short 
time  interval. 


Aaolysls  of  Magnetic  Trasifoi 
Characteristics 

An  extension  of  this  step-by-stej 
ysis  to  explain  the  averaging 
««ct  for  a complete  audio  cycle  is 
h|°TVn  Fi8-  5.  As  shown  in  th< 
son-  , !aKram  °*  Fig.  1,  the  super 
ic  bias  signal  is  mixed  with  th< 
0 signal  in  a mixing  network 
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most  ferromagnetic  materials  is 
low.  In  the  second  place,  self-demag- 
netization is  very  pronounced  at  the 
supersonic  frequency  which  is  used 
for  the  bias  field  because  this  fre- 
quency corresponds  to  short  magnet 
lengths  on  the  recording  medium. 
Thus  the  effective  remanence  is  still 
lower  than  indicated  by  the  curve 
under  the  condition  of  zero  audio 
signal. 

Now  assume  a sinusoidal  audio 
signal  to  be  superimposed  on  the 
supersonic  bias  field.  Although  in 
this  case  the  combined  signal  re- 
corded on  the  wire  will  have  small 
variations  corresponding  to  the  bias 
frequency,  it  will  have  short  time 
average  values  which  are  nearly 
proportional  to  the  instantaneous 
magnitudes  of  the  audio  signal.  The 


curve  B.  The  sum  of  curves  A and 
B represents  the  residual  flux  dens- 
ity. If  self-demagnetization  can  be 
neglected,  this  represents  the  flux 
signal  recorded  on  the  wire. 

It  can  be  seen  that  some  distor- 
tion is  still  present,  although  the 
distortion  has  been  reduced  greatly 
from  what  it  would  have  been  with- 
out the  bias  field.  Some  further  re- 
duction could  probably  be  obtained 
by  a more  judicious  choice  of  bias 
and  audio  signals. 

The  distortion  with  high-level 
audio  signals  cannot  be  reduced  by 
adjustment  of  the  bias  because  this 
distortion  is  due  to  the  upper  bend 
of  the  residual-flux-density  curve. 
An  increase  in  the  bias  field  beyond 
that  giving  minimum  distortion 
with  low-level  audio  signals  only  re- 
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FIG.  7 — Block  diagram  oi  the  equipment  ior  experimental  observation  ai  the 
overall  magnetic  transfer  characteristic 


suits  in  deterioration  of  the  high- 
frequency  response  and  reduction  in 
the  length  of  the  linear  portion  of 
the  over-all  transfer  characteristic. 
It  is  obviously  desirable  to  have  the 
linear  portion  of  the  over-all  trans- 
fer characteristic  long  in  order  to 
have  as  large  a dynamic  range  as 
possible. 

The  thought  will  probably  occur 
to  many  readers  that  the  above 
analysis  is  somewhat  similar  to  the 
explanation  of  the  operation  of  a 
pair  of  triodes  as  a class-AB  push- 
pull  amplifier.  In  accordance  with 
this  analogy,  the  proper  value  for 
the  amplitude  of  the  bias  field  can 
be  determined  by  extending  the 
steep  portion  of  the  residual-flux- 
density  curve  downward  until  it  in- 
tersects the  zero  axis  and  reading 
the  corresponding  value  of  field  in- 
tensity. The  positive  and  negative 
portions  of  the  curve  can  be  shifted 
to  the  left  and  right  respectively 
by  the  amplitude  of  the  bias  field, 
and  the  overall  transfer  character- 


istic can  be  considered  to  be  the 
sum  of  the  two  portions.  These  rela- 
tions are  shown  in  Fig.  6. 

Distortion  Moosormwnts 

The  non-linear  distortion  of  a 
magnetic  recording  system  can  be 
evaluated  in  several  ways.  We  have 
studied  distortion  by  observing  the 
transfer  characteristic  on  an  oscil- 
loscope, by  obtaining  output-versus- 
input  curves,  by  measuring  inter- 
modulation with  two-frequency  in- 
put, and  by  listening  tests.  We  have 
not  measured  harmonic  distortion, 
as  we  feel  that  this  method  gives 
little  useful  information. 

The  transfer  characteristic  can 
be  observed  on  an  oscilloscope  if 
variations  in  the  wire  speed  are 
very  small.  A signal  from  an  audio 
oscillator  is  recorded  on  the  wire 
in  the  usual  manner  and  is  also 
applied  to  the  horizontal  plates  of 
the  oscilloscope.  The  recorded  signal 
is  reproduced  an  instant  later  in  a 
reproducing  head  located  near  the 


recording  head,  but  well  shielded 
from  its  stray-field  influence.  This 
signal  is  amplified  and  passed 
through  an  integrating  network  to 
the  vertical  plates  of  the  oscillo- 
scope. A block  diagram  for  this 
setup  is  shown  in  Fig.  7.  It  is  neces- 
sary to  adjust  the  frequency  of  the 
audio  oscillator  so  that  the  delay  in- 
troduced while  the  wire  travels 
from  the  recording  head  to  the 
reproducing  head  is  an  integral 
number  of  half  cycles.  The  integrat- 
ing network  is  necessary  because 
the  output  from  the  reproducing 
head  depends  upon  the  rate  of 
change  of  flux  through  its  magnetic 
circuit. 

By  use  of  this  rather  simple  set- 
up, the  transfer  characteristic  can 
be  observed  while  the  amplitude  of 
the  bias  or  audio  signal  is  varied, 
or  the  transfer  characteristics  of 
different  wire  samples  can  be  com- 
pared. Photographs  of  transfer 
characteristics  obtained  in  this  way 
are  shown  in  Fig.  8.  The  amplitude 
of  the  audio  signal  was  great 
enough  to  produce  overloading  with 
correct  bias,  as  is  evident  from  the 
curvature  at  the  ends  of  the  trans- 
fer characteristic  in  Fig.  8(c).  The 
loops  in  the  oscillograms  of  the 
transfer  characteristics  are  due  to 
phase  distortion  in  the  amplifier 
and  to  slight  instability  of  the  wire 
speed  and  oscillator  frequency. 

Carvotar*  of  Transfer  Characteristics 

Output-versus-input  curves  are 
useful  in  finding  out  quickly  the 
limit  of  input  signal  level,  the  cor- 
responding magnitude  of  the  output 
signal  from  the  reproducing  head, 
and  the  noise  level.  If  these  curves 
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are  plotted  in  decibels,  they  should 
‘ be  straight  lines  rising  at  a 46  de- 
4 gree  angle  over  the  range  of  input 
1 which  gives  linear  operation.  The 
i point  at  which  the  curvature  be- 
,J  comes  appreciable  is  a fair  indica- 

* tion  of  the  maximum  input  signal 

* that  can  be  used  and  the  maximum 
- output  signal  available.  Typical 

carves  taken  at  several  frequencies 
are  shown  in  Fig.  9.  It  is  apparent 
1 from  these  curves  that  the  input 
4 current  at  which  overloading  starts 
is  about  the  same  at  widely  differ- 
’ eat  frequencies.  In  some  cases,  how- 
ever, overloading  occurs  with  lower 
input  levels  at  the  higher  frequen- 
cies. The  use  of  these  curves  in 
determining  signal-to-noise  ratio 
:i'  will  be  discussed  later. 

Intermodulation  measurements 
f;  afford  a more  accurate  method  of 
determining  distortion  than  either 
" of  the  two  discussed.  This  method 
consists  of  simultaneously  record- 
■ ing  two  sine  waves,  one  of  low  fre- 
quency and  large  amplitude  and  the 
other  of  high  frequency  and  small 
'•  amplitude,  and  of  measuring  in  the 
output  of  the  reproducing  head  any 
- resulting  modulation  of  the  higher- 
" frequency  component  by  the  lower.’ 
Figure  10  shows  typical  modula- 
tion envelopes  of  the  high-frequency 
! component  for  conditions  of  no  bias, 
insufficient  bias,  and  correct  bias. 
The  corresponding  percentages  of 
,0  modulation  are:  66  percent,  26  per- 
cmit,  and  32  percent,  respectively, 
■i  The  oscillograms  of  the  modulation 
envelopes  were  taken  with  the  same 
: Peak  audio  signal  and  the  same 

values  of  bias  as  the  correspond- 
mgly  lettered  transfer  characteris- 
«cs  in  Fig.  8. 


As  mentioned  before,  overloading 
and  consequent  modulation  occurred 
with  correct  bias  because  of  the 
large  amplitude  of  the  audio  signal. 
If  the  amplitude  of  the  audio  signal 
is  reduced  somewhat  and  the  bias  is 
left  at  the  correct  value,  the  trans- 
fer characteristic  becomes  nearly 
straight,  the  modulation  envelope 
nearly  uniform  in  width,  and  the 
percentage  of  modulation  corre- 
spondingly low. 

Proctdirt  for  Listming  Tests 

The  listening  test  is  the  final  cri- 
terion in  judging  a recording  sys- 
tem. It  has  been  found  convenient 
to  make  listening  tests  by  re-record- 


FIG.  9 — Typical  inpul -output  cams  icr  con- 
stant irsqusncy  show  the  range  ei  linear 
response  of  the  magnetic  wire  at  various 
frequencies 

ing  from  high-quality  vertically-cut 
Vinylite  transcriptions.  The  pickup 
used  is  a Western  Electric  9-A.  The 
recording  and  playback  amplifiers 
contribute  a total  of  not  more  than 
about  4 percent  intermodulation, 
and  1 percent  harmonic  distortion. 
The  recording  amplifier  includes  a 


flexible  equalizer  for  both  low  and 
high  frequencies.  The  playback 
amplifier  includes  a flexible  low- 
frequency  equalizer.  A dual-coaxial 
speaker  having  substantially  uni- 
form response  from  80  to  10,000 
cps.  is  used.  An  additional  high- 
quality  amplifier  fed  from  the  same 
9-A  pickup  is  used  for  playing  the 
transcriptions  directly.  Arrange- 
ments can  be  made  for  comparing 
the  two  systems  on  the  same  loud- 
speaker by  quick  switching.  When 
using  the  magnetic  wire  loop  tester 
there  is  sufficient  delay  between 
recording  and  reproducing  so  that 
the  same  phrase  can  be  heard  first 
from  ' the  transcription  and  then 
from  the  magnetic  recording.  This 
test  gives  much  better  comparisons 
than  listening  to  an  entire  selection, 
first  from  a transcription  and  then 
from  a magnetic  recording.  When 
the  level  of  the  two  systems  is  the 
same,  quick  switching  is  the  best 
method  we  know  of  for  showing  sig- 
nificant differences  introduced  by 
the  magnetic  recording  system. 

fraqmey  laiptw 

Magnetic  recording  is  a phenome- 
non depending  on  current.  The  field 
intensity  in  the  recording  gap  is 
nearly  directly  proportional  to  the 
mmf  of  the  coil  and  this  mmf  is 
directly  proportional  to  the  current 
in  the  coil.  The  current  in  the  coil 
can  be  made  practically  independent 
of  the  frequency  of  the  input  signal 
voltage  by  using  a series  resistance 
which  is  large  compared  with  the 
reactance  of  the  coil.  With  constant 
input  voltage  this  should  result  in 
nearly  the  same  value  of  field  in- 
tensity in  the  gap  for  all  fre- 
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quencies  within  the  desired  range. 
Unless  otherwise  specified,  all  of  the 
frequency  response  characteristics 
to  be  discussed  or  shown  represent 
the  open-circuit  voltage  at  the  ter- 
minals of  the  reproducing  head  and 
are  recorded  with  constant-current. 

Under  these  conditions,  if  we  dis- 
regard for  a moment  the  serious 
demagnetization  effect  which  takes 
place  with  short  magnets,  the  mag- 
nitude of  the  residual  flux  density 
should  be  independent  of  the  fre- 
quency. The  length  of  the  individ- 
ual magnets  is  inversely  propor- 
tional to  frequency.  Hence,  as  the 
frequency  increases,  the  magnets 
become  shorter.  Because  the  flux 
lines  must  pass  through  the  surface 
of  the  wire  and  through  the  air 
or  other  medium  to  a pole  of  oppo- 
site polarity,  the  surface  density 
of  the  lines  increases  in  direct  pro- 
portion to  the  frequency,  even 
though  the  maximum  internal  dens- 
ity across  the  sectional  area  of  the 
wire  may  remain  constant. 

Effect  of  Air-Gap  Laagth 

The  time  rate  of  change  of  the 
lines  leaving  the  surface  of  the 
wire  at  a north  pole  and  returning 
through  the  magnetic  circuit  of  the 
reproducing  head  to  a nearby  south 
pole  determines  the  value  of  emf 
induced  in  the  reproducing  head. 
The  maximum  rate  of  change  for  a 
constant  total  number  of  lines  is 
thus  directly  proportional  to  the 
frequency.  This  should  produce  a 
constant  rise  in  output  with  fre- 
quency at  the  rate  of  6 db  per  oc- 
tave. Actually,  this  is  found  by 
measurement  to  be  nearly  true  only 
at  the  lower  frequencies.  As  the  fre- 
quency is  increased,  the  air-gap 
length  in  the  reproducing  head  in- 
fluences the  frequency  response 
according  to  the  following  equation: 

E~KB„S.  (2) 

n which  E is  the  rms  voltage  at  the  ter- 
minals of  the  coil 

Bm  is  the  maximum  value  of  the 
remanence  corresponding  to  the 
maximum  instantaneous  audio 
signal 

Sw  is  the  wire  speed 

X is  the  wavelength  corresponding 
to  the  audio  signal  recorded  on 
the  medium 

l0  is  the  air  gap  length  in  the  re- 
producing head 

/T  is  a constant  depending  on  the 
units,  and  also  upon  the  coup- 
ling between  the  wire  and  the 
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FIG.  11 — Experimental  frequency-response 
curve  for  constant-current  magnetic  record- 
ing 


FIG.  12 — Effect  of  gap  length  on  frequency 
response 


perlmentally,  dashed  curve  was  obtained 
graphically 

magnetic  circuit,  as  well  as  the 
size  and  configuration  of  the 
magnetic  circuit,  and  on  the 
properties  of  the  reproducing 
coil  itself 

At  low  frequencies  sin  it l,/X  is 
approximately  proportional  to  the 
frequency  and  the  output  voltage 
should  rise  at  the  rate  of  nearly  6 
db  per  octave.  At  higher  frequen- 
cies sin  itZ,/X  is  not  proportional  to 
the  frequency  and  at  a frequency 
such  that  Z,  = X/2,  the  output  volt- 
age reaches  a maximum,  then  falls 
to  zero  when  Z,  = X.  The  voltage 
again  increases  to  a maximum  at 
a frequency  such  that  Z,  = 3/2  X, 
falls  to  zero  at  Z„  = 2X,  etc.  A 
typical  frequency  response  curve 
for  constant-current  recording  is 
shown  in  Fig.  11. 

The  effect  of  using  gaps  of  differ- 
ent lengths  for  the  reproducing 
head  is  shown  in  Fig.  12.  For  the 
long  gap  there  is  much  better  cor- 
relation between  the  calculated  and 
observed  values  of  frequency  at 
which  maximum  response  occurs 


than  with  the  short  gaps.  This  is 
true  for  two  reasons.  In  the  first 
place,  fringing  effect  causes  a 
smaller  percentage  increase  in  the 
effective  length  of  a long  gap  than 
of  a short  gap.  Secondly,  with  a 
long  gap,  the  demagnetizing  effect 
is  negligible  at  the  frequency  of  the 
first  maximum,  whereas  with  a 
short  gap,  the  demagnetizing  effect 
tends  to  reduce  the  output  voltage 
at  the  higher  frequencies,  resulting 
in  a reduction  in  the  frequency  at 
which  the  first  maximum  response 
occurs. 

Effect  of  Sped  oa  Fr«q.*acy  R.spoas. 

The  speed  at  which  the  recording 
medium  is  driven  has  a pronounced 
effect  on  the  high-frequency  re- 
sponse of  a magnetic  recording  sys- 
tem. On  the  other  hand,  the  speed 
has  only  a slight  effect  at  low  fre- 
quencies. This  is  shown  by  the  ex- 
perimental curves  of  Fig.  13,  which 
were  all  taken  with  the  same  input 
level.  For  simplicity  the  peaks  and 
dips  in  the  low-frequency  region 
were  averaged  out  when  the  curves 
were  redrawn. 

The  more  pronounced  effect  of 
speed  on  the  high-frequency  re- 
sponse is  caused  by  self-demagne- 
tization and  by  the  relation  be- 
tween wavelength  and  gap-length. 
At  low  frequencies  self-demagnetiz- 
ation is  negligible,  so  that  the 
remanent  flux  density  is  inde- 
pendent of  wavelength  and  hence 
of  the  speed  which,  at  any  given 
frequency,  determines  the  wave- 
length. 

At  the  higher  audio  frequencies 
self-demagnetization  is  pronounced 
and,  at  a fixed  frequency,  increases 
rapidly  as  the  speed  is  reduced.  This 
results  in  a reduction  in  the  high- 
frequency  response.  The  high-fre- 
quency response  also  deteriorates 
when  it Z,/X  lies  between  it/2  and  it. 
In  a practical  system,  the  wire 
speed  is  made  such  that  this  occurs 
near  the  upper  end  of  the  working 
frequency  range. 

Both  of  these  effects  are  im- 
portant, but  the  experimental  de- 
termination of  the  relative  reduc- 
tion in  response  caused  by  either 
is  difficult. 

Assuming  a given  fixed  wave- 
length recorded  on  the  wire,  the  de- 
magnetizing effect  and  the  effect  pi 
the  gap-length  will  be  constant  and 
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independent  of  the  speed  at  which 
the  wire  is  driven.  Both  the  output 
voltage  and  its  frequency  will  then 
be  directly  proportional  to  speed. 
Knowing  this,  it  is  easy  to  find  the 
constant-current  frequency  re- 
sponse at  any  wire  speed  from  the 
response  curve  at  a known  speed 
by  a simple  graphical  construction. 
A right  triangle  is  drawn  with  its 
hypotenuse  rising  6 db  per  octave. 
The  length  of  the  base  is  taken  as 
the  distance  on  the  logarthmic  fre- 
quency scale  between  two  frequen- 
cies having  the  same  ratio  as  that 
of  the  known  speed  to  the  speed 
at  which  the  frequency  response  is 
desired.  An  example  of  this  con- 
struction is  shown  in  Fig.  13  where 
the  dashed  curve  represents  the  fre- 
quency response  at  1.25  feet  per 
second  as  obtained  from  the  re- 
sponse at  2.6  feet  per  second.  The 
dashed  curve  is  traced  by  the  lower 
left  hand  corner  of  the  triangle  as 
the  apex  is  moved  along  the  re- 
sponse curve  for  2.5  feet  per  second 
while  the  base  is  kept  parallel  to 
the  zero  axis. 


bcordhg-Raprodaciag  Heads 

b>  spite  of  the  fact  that  the  fre 
quency  response  for  a given  mediun 
can  be  modified  somewhat,  espe- 
cially at  the  higher  frequencies,  bj 
Ranges  in  the  design  of  the  record- 
ing head,  we  find  that  these  modi- 
fications are  small  as  compared  witt 
™se  which  occur  with  minoi 
changes  in  the  reproducing  head 
TO  practical  reasons,  it  is  desirable 
» use  the  same  head  for  both  re 
“rding  and  reproducing.  There- 
ore  the  limitations  imposed  by  the 
|7?,Tack  conditions  are  the  ones 
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e power  required  for  recording 
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magnetic  coupling  between  the 
recording  medium  and  the  head 
should  be  good,  especially  in  the 
immediate  vicinity  of  the  gap.  On 
the  other  hand,  the  magnetic  coup- 
ling between  the  recording  medium 
and  the  head  at  the  points  of  entry 
and  exit  should  be  kept  as  low  sis 
possible  in  order  to  reduce  the  mag- 
nitude of  the  secondary  or  stray 
flux  which  may  produce  certain  un- 
desirable variations  in  the  fre- 
quency-response curve. 

HkI  of  Cell  Locotloa 

Let  us  consider  the  manner  in 
which  these  undesirable  variations 
are  produced.  If  we  refer  again  to 
Fig.  3,  it  can  be  seen  that  the  pas- 
sage of  the  wire  through  the  slot 
in  the  reproducing  head  sets  up  an 
alternating  magnetic  potential  be- 
tween points  a and  6,  and  at  the 
same  time  another  alternating  mag- 
netic potential  is  set  up  between  e 
and  d.  The  magnetic  potential  be- 
tween a and  b reaches  a maximum 
effective  value  at  a relatively  low 
audio  frequency  in  a playback  head 
of  practical  size.  Alternate  dips  and 
peaks  occur  in  the  effective  values 
of  this  magnetic  potential  at  regu- 
larly spaced  frequency  intervals,  de- 
pending upon  the  wavelength  re- 
corded on  the  wire  relative  to  the 
effective  width  of  the  reproducing 
head.  We  shall  call  the  flux  due  to 
this  magnetic  potential  the  sec- 
ondary or  stray  flux. 

There  are  two  paths  for  this  stray 
flux.  One  is  directly  across  the  top 
of  the  head  and  through  the  gap. 
The  other  is  from  a down  through 
one  of  the  vertical  legs,  across  the 
lower  leg  and  up  the  other  vertical 
leg  to  point  b in  Fig.  3. 

The  alternating  magnetic  poten- 
tial existing  between  c and  d is  the 
one  which  gives  the  useful  response. 
There  are  also  two  paths  for  the 
flux  produced  by  this  alternating 
magnetic  potential.  One  of  these  is 
directly  across  the  gap.  The  other  is 
around  the  complete  magnetic  cir- 
cuit in  a counter-clockwise  direction 
for  the  positive  values  of  magnetic 
potential. 

Now  consider  the  coil  to  be 
mounted  as  shown  in  Fig.  3.  The 
resultant  alternating  flux  and  emf 
produced  are  the  result  of  two  alter- 
nating magnetic  potentials.  The 
useful  component  increases  with 


frequency,  according  to  the  equa- 
tion previously  given.  As  men- 
tioned above,  the  other  component 
passes  through  several  positive  and 
negative  peaks  as  the  frequency 
changes  over  the  audio  spectrum. 
The  total  response  will  now  show 
peaks  and  dips  which  become  less 
pronounced  as  the  frequency  is  in- 
creased. 

If  the  coil  is  moved  to  a position 
where  it  surrounds  the  upper  leg 
of  the  circuit,  a similar  response 
curve  will  result,  except  that  the 
phase  of  the  emf  due  to  the  stray 
flux  is  reversed,  causing  the  posi- 
tions of  the  peaks  and  dips  to  be 
interchanged.  Experimental  curves 
showing  these  effects  are  given  in 
Fig.  14. 

Corralatloa  Batwaaa  MafwNe 
Characteristics  and  Frequency  Respoese 

In  the  design  of  permanent  mag- 
nets, great  stress  is  attached  to  the 
proper  shape-  and  size  of  the  mag- 
netic circuit  so  that  the  permanent- 
magnet  material  may  be  used  at  or 
near  the  point  of  maximum  energy. 
This  makes  the  most  efficient  use  of 
the  costly  alloys  which  are  used  for 
permanent  magnets.  Such  a de- 
sign is  not  possible  for  the  case  of 
a medium  used  for  magnetic  re- 
cording because  the  ratio  of  length 
to  diameter  for  the  individual  mag- 
nets which  make  up  the  record 
varies  from  a value  which  is  large 
at  low  frequencies  to  one  which  is 
less  than  unity  at  the  higher  fre- 
quencies. 

The  retentivity  of  the  magnetic 
recording  medium  for  a given  wire 
speed  determines  the  maximum 
value  of  the  output  voltage  at  the 
lower  audio  frequencies.  At  these 
frequencies  the  wavelength  is  rela- 
tively long  and  self-demagnetiza- 
tion is  not  serious.  For  this  rea- 
son, one  would  expect  to  have  good 
bass  response  for  materials  with 
high  retentivity.  A large  number 
of  our  experimental  frequency-re- 
sponse curves  have  shown  this  to 
be  true. 

The  second  magnetic  characteris- 
tic which  affects  the  frequency  re- 
sponse to  a very  great  degree  is  the 
coercive  force  of  the  material.  The 
demagnetizing  field  intensity  can 
be  considered  to  be  equal  to  the 
product  of  the  demagnetization 
factor  and  the  remanent  flux  den- 
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sity.  The  demagnetization  factor 
increases  in  magnitude  as  the  ratio 
of  the  length  of  a permanent  mag- 
net to  its  diameter  decreases. 
Whether  or  not  the  flux  density  is 
greatly  reduced  because  of  the  de- 
magnetization factor  depends  on 
the  shape  of  the  demagnetization 
curve,  and  especially  upon  the  value 
of  the  coercive  force. 

The  effect  of  demagnetization  is 
less  with  materials  having  high 
coercive  force.  It  is  generally  con- 
sidered to  be  true  that  a magnetic 
material  which  has  high  coercive 
force  will  also  have  low  retentivity. 
This  is  especially  true  of  many  of 
the  materials  which  are  being  con- 
sidered for  use  in  magnetic  record- 
ing. This  means  that  we  may  have 
to  sacrifice  some  output  voltage  at 
the  lower  audio  frequencies  in  or- 
der to  extend  the  upper  frequency 
range  by  use  of  a material  which 
has  high  coercive  force  but  low 
retentivity. 

Machoalcal  Sources  of  Noiio 

At  the  present  time  we  cannot 
say  that  magnetic  recording  gives 
a system  with  negligible  noise.  We 
can  say,  however,  that  for  a given 
reproduced-frequency  bandwidth 
and  for  carefully  controlled  labor- 
atory recording  and  reproduc- 
ing conditions,  the  back- 
ground noise  is  considerably  less 
than  that  for  the  corresponding- 
frequency  bandwidth  on  shellac 
records,  but  that  it  is  not  as  low  as 
the  background  noise  on  vertically- 
cut  Vinylite  transcriptions. 

Mechanical  imperfections  in  the 
wire  which  result  in  changes  in  sec- 
tional area  along  the  wire  may  be 
responsible  for  the  generation  of 
noise  voltages  in  the  coil  of  the 
playback  head.  For  a wire  diam- 
eter of  0.004  inch,  a variation  in 
diameter  of  0.0001  inch  corres- 
ponds to  an  area  change  of  about 
5 percent.  Corresponding  changes 
in  the  recorded  flux  signal  appear 
as  noise  when  reproduced.  If  the 
variation  in  diameter  is  random, 
random  noise  will  result.  However, 
if  the  imperfections  occur  at  regu- 
larly spaced  intervals'  -along  the 
wire,  a distinct  tone  will  appear. 

Either  transverse  or  longitudinal 
vibrations  of  the  medium  as  it  is 
drawn  through  the  reproducing 
head  may  also  be  the  cause  of  unde- 
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sirable  background  noise.  These 
vibrations  may  be  produced  either 
by  the  irregular  surface  of  the  wire 
or  by  nonuniform  torque  anywhere 
in  the  driving  system.  These  vibra- 
tions of  the  medium  result  in  cor- 
responding pulsations  of  flux  link- 
ages through  the  coil  and  a noise 
voltage  in  addition  to  the  signal 
voltage  appears  at  the  terminals  of 
the  playback  head. 

Magnetic  Noli*  Soarcsi 

We  have  found  that  although  dif- 
ferent wires  may  seem  to  be  per- 
fectly uniform  in  external  appear- 
ance, they  may  vary  considerably 
in  noisiness.  Some  samples  show 
an  absolute  noise  level  which  is  20 
db  greater  than  that  of  some  other 
samples.  Although  we  have  not  yet 
been  able  to  correlate  the  noise 
level  with  the  composition,  heat 
treatment,  and  degree  of  cold  work 
used  in  preparing  the  samples,  we 
think  that  it  depends  on  the  final 
magnetic  structure  which  in  turn 
is  determined  by  these  factors. 

The  magnetic  noise  increases  in 
the  presence  of  a recorded  signal. 
This  can  be  demonstrated  by  re- 
cording a sine-wave  signal  on  the 
medium  and  filtering  out  the  sig- 
nal and  its  harmonics  in  the  repro- 
ducing system.  The  reproduced 
noise  will  have  frequency  compo- 
nents distributed  throughout  the 
band  passed  by  the  filter.  This 
noise  increases  as  the  amplitude  of 
the  recorded  signal  is  increased  and 
is  reduced  to  a low  value  after  the 
medium  has  been  subjected  to  the 
erasing  field.  It  seems  probable  that 
this  noise  is  caused  by  the  finite 
size  of  the  elementary  magnetic 
particles  of  the  medium.  A certain 
amount  of  such  noise  is  not  notice- 
able, as  it  is  ordinarily  masked  by 
the  signal.  However,  an  excessive 
amount  imparts  a disagreeable 
fuzzy  quality  to  the  reproduction. 
It  was  pointed  out  earlier  that  any 
magnetic  recording  system  using 
direct-current  bias  ordinarily 
leaves  the  recording  medium  mag- 
netized even  in  the  absence  of  an 
audio  signal.  In  this  case,  the  noise 
is  particularly  bad  because  there  is 
no  signal  to  mask  it. 

Equation  (2)  indicates  that  the 
noise  voltage  should  increase  with 
wire  speed.  This  is  confirmed  by 
our  measurements  which  show  that 


the  noise  level  rises  at  least  6 db 
each  time  the  speed  is  doubled. 

Another  effect  which  may  con-  : 
tribute  to  the  noise  is  socalled  - - 
crosstalk.  This  is  the  effect  of  ad-  i 
jacent  turns  or  layers  of  the  record- 
ing medium  on  each  other  when  * 
wound  on  a spool  for  storage.  It  is 
possible  for  one  turn  of  strongly 
magnetized  recording  medium  to 
magnetize  an  adjacent  turn.  This 
re-recorded  signal  may  show  up  as 
objectionable  noise,  particularly 
during  quiet  passages  of  a selection 
where  it  would  not  be  masked  by 
the  desired  signal.  Crosstalk  can  be 
reduced  to  a negligible  amount  by 
choosing  a recording  medium  hav- 
ing low  retentivity  and  high  coer- 
cive force. 

In  considering  noise,  that  origi- 
nating in  the  reproducing  system 
should  also  be  mentioned.  The  sig- 
nal output  from  a high  impedance 
reproducing  head  is  of  the  order 
of  only  a few  millivolts,  which 
makes  it  necessary  to  . use  a large 
amount  of  amplification.  The  am- 
plifier must  be  carefully  designed 
to  minimize  thermal  noise  and  to 
be  free  from  hum.  In  addition,  the 
effects  of  stray  electrostatic  and 
electromagnetic  fields  on  the  repro- 
ducing head  must  be  minimized  by 
shielding  or  other  means.  The 
problem  of  eliminating  hum  is  ag-  1 
gravated  when  post-equalization  of 
the  low  frequencies  is  used.  This  is 
apparent  from  the  fact  that  15  or 
20  db  of  equalization  at  60  cycles  is 
necessary  in  some  cases  for  flat  re- 
sponse. 

Loss  of  Oatpat  Signal  With  Ropoottd  ■ 
Playiags 

There  have  been  many  general 
statements  concerning  the  per- 
manency of  the  records  on  mag- 
netic wire.  Much  more  information 
than  we  have  at  present  is  needed 
before  we  can  make  well-founded 
statements  concerning  the  ability 
of  the  wire  to  retain  a record  inde- 
finitely without  loss.  Experiments 
show  that  there  is  a loss  of  from  3 
to  25  db  in  output  from  a given  rec- 
ord during  the  first  few  playings. 
After  this  initial  aging  process 
there  seems  to  be  little  further  loss 
for  a reasonable  time  and  a reason- 
able number  of  playings.  In  gen- 
eral, materials  which  have  proper- 
ties desirable  from  other  view-  i 
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points  tend  to  show  small  loss  with 
r.  repeated  playings.  As  far  as  we 
know,  no  great  difficulty  has  been 
<)i  experienced  on  account  of  this  ef- 
fect 

- Equllutioa  aid  Sigaal-to-Noii*  Ratio 

Once  the  factors  affecting  the 
. maximum  signal  and  those  affect- 
ing the  noise  have  been  determined, 
the  problem  of  determining  the  ef- 
fective signal-to-noise  ratio  re- 
mains.  The  effective  signal-to-noise 
ratio  depends  not  only  upon  the 
e factors  already  discussed  but  also 
..  upon  the  frequency  distribution  of 
the  noise,  the  frequency  distribu- 
tion of  the  speech  or  music  to  be 
recorded,  and  upon  the  amount  of 
pre-equalization  and  post-equaliza- 
r.  tion. 

It  has  been  accepted  practice  in 
some  other  fields  to  record  with  a 
, characteristic  rising  toward  the 
high  frequencies  and  equalize  in 
v the  reproducing  circuits  to  give  an 
jj  overall  flat  response.  It  has  been 
j_  found  that  some  increase  in  the 
sipal-to-noise  ratio  can  be  accom- 
plished by  this  practice.  In  the  case 
of  magnetic  recording,  however,  it 
is  not  feasible  to  use  a comparable 
amount  of  such  pre-emphasis  and 
post-equalization  because  at  the 
speeds  which  are  desirable  for  re- 
cording, the  frequency  response  at 
the  higher  audio  frequencies  falls 
;;  ? very  raPidly.  However,  even  in 

is  case,  enough  pre-equalization 
c^u  be  used  to  make  the  overall  re- 
sponse flat  within  a specified  fre- 
quency range.  Post-equalization 
«•  or  mcreasing  the  high-frequency 
is  not  desirable,  because 
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FIG.  15 — Curve  A shows  frequency  distri- 
bution of  maximum  sound  Intensities  for  a 
symphony  orchestra.  Curve  B shows  the 
desired  complementary  pre-equalisation. 


FIG.  16 — By  using  a proaqualizatlon  net- 
work having  the  characteristics  oi  curve  B. 
which  is  the  sum  oi  curve  A in  this  figure 
and  curve  B in  Fig.  15.  overloading  oi  the 
magnetic  tape  Is  equally  likely  to  occur  at 
all  frequencies 

ization  would  result  in  a less  favor- 
able signal-to-noise  ratio.  On  the 
other  hand,  post-equalization  is 
feasible  because  the  amount  of 
noise  in  the  low-frequency  region 
is  small. 

Eqaallzatioa  Against  Overload 

The  following  example  serves  to 
illustrate  the  application  of  these 
principles  to  a practical  magnetic 
recording  system.  Curve  A of  Fig. 
15  represents  the  frequency  dis- 
tribution of  the  maximum  intensi- 
ties occurring  in  symphony  orches- 
tra music.*  This  curve  is  drawn  at 
a level  which  is  exceeded  by  5 per- 
cent of  the  peaks  and  can  be  used 
as  an  indication  of  the  relative 
levels  which  must  be  accommodated 
by  the  system  at  various  frequen- 
cies. Having  this  information,  it  is 
possible  to  decide  upon  the  amount 
and  type  of  equalization  which  will 
result  in  the  highest  signal-to- 


noise  ratio,  and  to  arrive  at  the 
approximate  value  of  the  signal-to- 
noise  ratio. 

From  curve  A of  Fig.  15  it  is  ap- 
parent that  with  constant  current 
recording  the  system  will  overload 
most  often  at  about  250  cps.  In 
order  to  make  the  most  effective 
use  of  the  system  it  would  be  de- 
sirable to  have  overloading  occur 
equally  often  at  all  frequencies. 
This  can  be  done  by  using  pre- 
equalization which  is  complemen- 
tary to  curve  A of  Fig.  16,  as  shown 
by  curve  B of  the  same  figure. 

Passing  on  to  Fig.  16,  there  is 
shown  (curve  A)  a typical, 
smoothed  constant-current  response 
curve.  This  is  the  curve  at  2.5  feet 
per  second  replotted  from  Fig.  IS. 
If  we  now  take  the  complementary 
equalization  curve  B of  Fig.  16  and 
add  it  to  this  constant-current  re- 
sponse curve  we  obtain  curve  B of 
Fig.  16  representing  the  over-all 
frequency-response  of  a system 
which  has  equal  probability  of  over- 
loading at  all  frequencies  under  the 
conditions  assumed.  This  curve  is 
obviously  unsatisfactory  from  the 
standpoint  of  frequency-response, 
but  is  useful  as  a guide  in  deter- 
mining the  maximum  amount  of 
pre-equalization  that  may  safely  be 
used.  For  example,  a useful  amount 
of  pre-equalization  may  be  em- 
ployed below  about  250  cps  and  the 
remaining  equalization  found  neces- 
sary to  secure  flat  over-all  response 
may  be  applied  to  the  reproducing 
circuits.  We  have  found  that  such 
low  - frequency  post-equalization 
does  not  appear  to  raise  appreci- 
ably the  random-noise  level. 

Upper  Froqeeacy  Unit 

Turning  now  to  the  upper  por- 
tion of  the  frequency  range  we  find 
that,  without  loss  in  signal-to-noise 
ratio,  the  high-frequency  response 
can  be  made  flat  out  to  the  fre- 
quency at  which  the  uniform  over- 
load curve  intersects  a flat  response 
line  C drawn  through  the  highest 
level  of  the  constant-current  re- 
sponse curve.  The  signal-to-noise 
ratio  can  then  be  taken  as  the  dif- 
ference between  the  level  of  the 
maximum  undistorted  output  sig- 
nal at  the  frequency  of  maximum 
response  and  the  noise  level.  If  it 
is  desired  to  extend  the  frequency 
range,  this  can  only  be  done  with  a 
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sacrifice  in  signal-to-noise  ratio. 

For  example,  with  the  system  for 
which  curves  are  shown,  when  the 
high-frequency  response  is  made 
flat  up  to  6500  cps,  the  maximum 
inherent  capacity  of  the  system  can 
be  utilized.  If  the  flat  response  is 
extended  to  9000  cps  a loss  of  5 db 
in  signal-to-noise  ratio  will  result. 
This  loss  is  the  difference  between 
the  level  of  the  flat-response  line 
drawn  through  the  maximum  level 
of  the  constant  current  curve  and 
the  ordinate  of  the  uniform-over- 
load curve  at  9000  cps. 

The  maximum  undistorted  signal 
can  be  defined  for  the  present  pur- 
pose as  that  at  which  the  output- 
versus-input  curve  for  the  fre- 
quency of  maximum  response  de- 
parts 1 db  from  linearity.  This  is 
represented  as  point  P on  the  1000- 
cycle  curve  of  Fig.  9.  For  the 
curves  shown,  the  signal-to-noise 
ratio  according  to  our  definition 
would  be  45  db  for  flat  response  to 
6500  cps,  and  40  db  for  flat  re- 
sponse to  9000  cps. 

The  foregoing  example  tends  to 
give  an  optimistic  picture  of  the 
performance  under  the  assumed  op- 
erating conditions  first,  because  it 
has  been  assumed  that  overloading 
occurs  at  equal  input  level  regard- 
less of  frequency,  and  second,  be- 
cause it  does  not  take  account  of 
magnetic  noise.  We  have  observed 
that  overloading  in  some  cases  be- 
gins to  occur  with  lower  input  cur- 
rent at  the  higher  frequencies.  The 
difference  between  the  input  level 
for  maximum  undistorted  output 
signal  at  the  frequency  of  maxi- 
mum response  and  the  correspond- 
ing value  at  the  highest  frequency 
in  the  assumed  band  must  be  sub- 
tracted from  the  signal-to-noise  ra- 
tios obtained  by  the  above  method. 
For  the  example  shown,  however, 
this  subtractive  term  amounted  to 
less  than  one  db  at  5000  cps,  which 
is  negligible.  Other  measurements 
have  shown  that  some  materials 
show  up  to  15  db  increase  in  their 
magnetic  noise  level  with  increase 
in  recording  signal.  The  sample 
for  which  the  curves  are  shown  was 
rejected  on  this  account  when  a 
listening  test  was  made. 

The  importance  of  judging  a 
magnetic  recording  system  by 
means  of  a critical  listening  test 
cannot  be  over-emphasized.  Objec- 
ts 


tive  measurements  such  as  ' fre- 
quency response,  distortion,  and 
noise  measurements  are  invaluable 
in  making  a preliminary  estimate 
of  the  quality  of  any  component  of 
a recording  system  and  in  pointing 
the  way  to  improvements.  How- 
ever, the  correlation  between  objec- 
tive measurements  and  subjective 
effects  is  complex  and  not  com- 
pletely understood.  Therefore,  the 
listening  test  must  always  be  used 
as  the  final  criterion. 

Magnetic  Recording  Possibilities 

Our  studies  in  connection  with 
magnetic  recording  systems  lead  us 
to  make  the  following  general 
statements  concerning  the  perform- 
ance of  present  experimental  sys- 
tems and  possible  future  improve- 
ments in  magnetic  recording  sys- 
tems. 

Reasonable  fidelity  is  possible  at 
the  present  time.  In  order  to  get 
a system  with  low  distortion,  care- 
ful control  of  the  bias  field  is  neces- 
sary. The  correct  value  of  the  bias 
field  varies  within  wide  limits  for 
different  recording  media. 

The  signal-to-noise  ratio  which 
can  be  attained  at  present  is 
superior  to  that  which  is  obtained 
from  the  ordinary  shellac  disc  re- 
cordings. It  is  not  as  good  as  can 
be  obtained  from  the  newest  verti- 
cally-cut Vinylite  transcriptions. 
We  expect  that  improvement  in  the 
signal-to-noise  ratio  will  result 
from  further  studies  in  connection 
with  noise  and  that  this  will  lead 
to  improved  recording  media  and 
improved  design  of  the  recording 
and  reproducing  heads. 

It  seems  feasible  at  the  present 
time  to  produce  recordings  at  2.6 
feet  per  second  on  0.004  inch 
diameter  wire  which  are  reason- 
ably flat  from  70  to  6500  cps. 
While  the  upper  limit  of  frequency 
response  may  be  raised  by  increas- 
ing the  wire  speed,  it  would  appear 
more  desirable  to  attempt  to  get 
better  high-frequency  response  by 
improving  certain  magnetic  prop- 
erties of  the  recording  medium. 
Actually  it  would  be  far  more  satis- 
factory from  the  viewpoint  of  cost 
to  the  consumer  if  the  wire  speed 
could  be  reduced  to  a still  lower 
value,  say  2 feet  per  second,  or 
even  1.5  feet  per  second.  These 
lower  speeds  seem  to  be  quite  satis- 


factory for  the  reproduction  of 
speech.  There  are  indications  that 
improved  design  of  the  recording 
and  reproducing  heads  will  be 
necessary  in  order  to  utilize  fully 
the  newer  materials  which  are 
being  investigated  for  possible  use 
as  magnetic  recording  media. 

In  conclusion  it  should  be  pointed 
out  that  we  are  not  attempting  to 
specify  any  definite  standards  for 
magnetic  recording  at  this  time. 
The  examples  which  have  been  pre- 
sented are  given  simply  for  the 
purpose  of  illustration  and  do  not 
necessarily  represent  our  ideas  as 
to  the  most  desirable  frequency 
limits,  limits  of  distortion,  or  wire 
dimensions,  and  speeds.  The  ex- 
perimental frequency  - response 
curves  which  have  been  given  rep- 
resent average,  rather  than 
superior,  samples  and  they  were 
made  without  using  special  record- 
ing and  reproducing  heads. 
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FIG.  1 — Direct-currant  vacuum-tube  volt- 
meter using  a htgh-trans conduct  once  pen- 
tode Isolated  iron  the  high-impedance 
Input  circuit  hr  a trlode  connected  as  a 
cathode  follower 


Improved  VACUUM-TUBE 

VOLTMETERS 


Full  advantage  can  be  taken  of  the  high  transconductance  and  linear  transfer  charac- 
V teristics  of  pentodes  by  using  a cathode-coupled  triode  in  the  vacuum-tube  voltmeter 
input.  Such  a combination  provides  an  instrument  having  both  high  input  impedance 
|f  over  a wide  frequency  range  and  high  sensitivity 


Many  vacuum  - tube  volt- 
meters employ  a d-c  micro- 
Anuneter  as  an  indicator,  with  1.5- 
volts  input  giving  a deflection  of 
100-200  microamperes.  The  sensi- 
tive indicating  instrument  is 
needed  because,  (for  reasons  of  sta- 
bility, linearity,  and  low  grid-cur- 
rent) the  amplifier  tube  is  operated 
in  a region  of  low  transconduc- 
tance, with  large  degenerative  feed- 
back. When  the  feedback  is  great 
enough,  calibration  can  be  made 
nearly  independent  of  tube  char- 
acteristics and  changes. 

Microammeters  have  been  im- 
proved in  recent  years  so  that  they 
are  no  longer  regarded  as  expensive 
and  fragile  instruments.  Many 
votmeters  employing  them  seem 
luite  satisfactory.  However,  it  ap- 
pears that  a milliammeter  would 
have  advantages  when  ex- 
nse,  durability,  and  availability 
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are  important.  Furthermore,  a sta- 
ble voltmeter  built  to  operate  with 
a milliammeter  at  1.5  volts  input 
could,  have  its  range  extended 
downward  by  the  use  of  a more 
sensitive  indicator. 

Need  for  Greater  Amplification 

In  order  to  use  a less  sensitive 
indicating  instrument  the  vacuum 
tube  must  be  operated  in  a region 
where  its  transconductance  is  high. 
Less  degenerative  feedback  may  be 
used  but  less  is  needed  (for  linear- 
ity at  least)  because  the  character- 
istic curve  is  more  linear  in  this 
region.  Although  the  use  of  televi- 
sion-type pentodes  for  voltmeters 
has  occurred  to  several  workers  in 
the  field,  a tube  of  this  type  biased 
at  a suitable  operating  point  suf- 


fers from  a rather  large  flow  of 
grid  current.  This  causes  the  input 
impedance  to  be  low  and  produces 
an  error  in  reading,  the  degree  of 
error  depending  upon  the  imped- 
ance of  the  source. 

Turner1  has  not  only  pointed  out 
in  detail  the  types  of  tubes  with 
high  transconductance  that  might 
be  used  for  voltmeters  but  has  also 
suggested  that  high  effective-trans- 
conductance could  be  obtained  by 
operating  two  or  more  tubes  in 
parallel.  However,  parallel  opera- 
tion of  tubes  suffers  from  two  dis- 
advantages: first,  the  input  capaci- 
tance and  conductance  are  multi- 
plied; and  second,  the  total  plate 
current  increases  greatly,  so  that 
more  is  demanded  of  the  power 
supply. 

Yard*  has  used  a high-transcon- 
ductance tube  in  a conventional  cir- 
cuit and  obtained  a deflection  of 
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5 ma  for  1.6  volts  input.  The  de- 
flection can  be  doubled  by  using  a 
separate  battery  or  cell  to  balance 
out  the  initial  plate  current.  This 
cifcuit  suffers  from  a lack  of  linear 
response,  a shift  of  the  zero-setting 
with  line-voltage  fluctuations,  and 
a low  input  impedance  of  about 
1.6  megohms.  The  grid  resistor 
cannot  successfully  be  increased 
very  much  because  of  the  flow  of 
grid  current.  These  difficulties  are 
probably  inherent  in  any  voltmeter 
employing  a single  tube  of  high 
transconductance  or  two  or  more 
tubes  in  parallel. 


Cathode  Ceepliag 


It  will  be  shown  below  that  high- 
transconductance  tubes  can  be  used 
successfully  in  simple  and  inexpen- 
sive voltmeter  circuits  when  some 
kind  of  input  stage  is  used  to  pro- 
vide high  input  resistance.  High 
sensitivity  and  large  output  cur- 
rent result.  The  disadvantages  ac- 
companying small  degenerative 
feedback  are  minimized  by  using 
balanced  circuits  and  some  means 
for  quick  calibration. 

The  circuit  in  Fig.  1 was  de- 
signed to  overcome,  by  sacrificing 
some  simplicity,  the  short-comings 
of  the  single-tube  voltmeter.  This 
d-c  voltmeter  is  essentially  a two- 
stage  amplifier  with  the  first  stage 
serving  only  to  couple  the  source  to 
the  second  tube.  The  first  stage  is 
a cathode-follower  arrangement 
and  is  highly  stable  because  of  the 
large  degeneration.  The  6J6  is  op- 
erated with  low  voltages  on  the 
heater  and  plate  in  order  to  reduce 
the  grid  current  in  both  tubes.  The 
high  side  of  the  input  is  connected 
through  a shielded  lead  with  a 
1-megohm  isolating  resistor,  thus 
providing  an  input  resistance  of  11 
megohms.  This  resistance  could  be 
made  larger. 


Molar  Characteristics 


cessive  deflection,  switch  S is  left 
open  until  the  heater  of  the  6AC7 
has  warmed  up.  The  sensitivity 
can  be  controlled  by  the  rheostat 
in  series  with  the  milliammeter. 
The  supply  voltage  is  regulated  by 
using  a OAS/VR75  tube. 

This  voltmeter  is  strictly  linear; 
the  zero  point  is  very  stable  and  no 
appreciable  grid  current  is  observ- 
able in  the  6J6.  An  input  of  1.5 
volts  gives  a full-scale  deflection  on 
a 5 ma  instrument  of  1 percent  ac- 
curacy. The  circuit  is  sufficiently 
stable  so  that,  by  means  of  a more 
sensitive  indicator,  the  range  of  the 
voltmeter  may  be  extended  down- 
ward by  a factor  of  two  or  three  at 
least,  depending  upon  the  voltage 
fluctuations  in  the  power  line.  The 
range  may  be  extended  upward  by 
a conventional  voltage-divider 
across  the  input.  Because  of  the 
Altering  action  of  the  input  circuit, 
d-c  voltages  can  be  measured  cor- 
rectly even  in  the  presence  of  su- 
perimposed a-c  voltages. 


Balanced  Circait 

This  type  of  coupling  can  also  be 
applied  to  a balanced  circuit 
to  avoid  employing  a dry  cell  and 


to  stabilize  more  easily  against  line-  |p 
voltage  fluctuations.  A stabilized 
power  supply  is  usually  not  neces- 
sary and  some  simplification  re- 
sults. This  is  illustrated  by  the  cir- 
cuit in  Fig.  2,  a stable  circuit  with 
. linear  response.  The  two  6AG7 
tubes  and  the  two  sides  of  the 
6SN7-GT  should  be  approximately 
matched  for  optimum  stability. 
The  milliammeter  is  connected  to 
the  plates  of  the  amplifier  tubes  in 
the  conventional  bridge  circuit.  A 
deflection  of  10  ma  can  be  obtained 
for  an  input  of  2 volts  but  the  cir- 
cuit is  usually  operated  conserv- 
atively with  the  constants  shown  so 
that  1.6  volts  produces  a reading 
of  6 ma.  When  a 1-ma  meter  is 
used,  satisfactory  performance  is 
obtained  with  a full-scale  deflection 
corresponding  to  0.3  volt.  Slight  ef- 
fects of  line-voltage  fluctuations 
are  observable  at  this  sensitivity. 

Although  other  types  of  tubes 
were  tried  in  this  circuit,  the  6AG7 
gave  maximum  sensitivity.  The 
response  with  6AC7’s  is  only 
slightly  lower  however,  and  these 
tubes  have  the  advantage  of  lower 
plate  current  (20  ma  for  two 
6AC7’s  instead  of  86  ma  for  two 


The  bias  for  the  6AC7  is  the 
algebraic  sum  of  the  voltage  drops 
across  the  two  cathode  resistors. 
The  initial  plate  current  is  balanced 
out  by  a No.  6 dry  cell.  Instead  of 
this  cell,  a suitable  voltage  may  be 
tapped  from  the  bleeder  resistance 
but  this  reduces  somewhat  the 
sensitivity.  In  order  to  protect  the 
indicating  instrument  against  ex- 


no. 2 Balanced  voltm.t.r  circuit  u.„  cenhod.  coupling  and  hlgh-tran* 
conductance  pentodes 
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FIG.  J— Alternating-current  vacuum-tuba 
vottmatar  with  a cathoda-eoupled  stage  pre- 
ceding the  high-transconductance  pentode 
grid-detector  ataga 


6AG7’s).  At  high  plate  current 
50L6-GT  tubes  worked  fairly  well. 
A 6F8-G,  with  similar  characteris- 
tics, might  be  preferable  to  the 
6SN7-GT  because  higher  input  re- 
sistance could  be  obtained  to  the 
grid  coming  out  of  the  top  of  the 
tube.  It  is  possible  that  a selection 
of  tubes  with  suitable  heater 
ratings  could  be  made  in  order  to 
dispose  of  the  filament  trans- 
former, to  use  cheaper  tubes  and 
to  allow  complete  operation  on  a-c 
or  d-c  lines. 

A-C  Measurement 


This  type  of  circuit  can  easily  be 
adapted  to  the  measurement  of  a-c 
voltages.  If  R,  and  C,  of  Fig.  1 
were  removed,  the  insertion  of  a 
diode  rectifier  either  before  or 
after  the  first  stage  should  work 
well  and  provide  a linear  scale.  If 
placed  after  the  first  stage,  the 
high  input  impedance  of  the  circuit 
would  be  retained.  An  even  simp- 
ler arrangement  would  be  to  allow 
rectification  to  take  place  in  the 
first  stage.  This  tube  would  then 
h*wme  what  Rider*  calls  a reflex 
rectifier,  or  what  radio  publications 
often  call  an  infinite-impedance  de- 
tector. 

In  one  adaptation  to  a-c  that  was 
tried,  the  grid  circuit  of  the  second 
stage  was  used  as  a rectifier,  as  il- 
lustrated in  Fig.  3.  With  a 6AC7 
™be,  a deflection  of  6 ma  for  1-volt 
11118  input  is  obtainable.  The  re- 
sponse is  linear  except  over  the 
v«y  lowest  part  of  the  scale.  Al- 
though this  circuit  was  used  only 
st  audio  frequencies,  it  has  recently 
wen  shown  by  Daniels4  that  the 
cathode-follower  circuit  can  be  used 
up  to  several  hundred  kilocycles  in 
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voltmeter  circuits  without  using  an 
external  probe. 

By  using  ordinary  triodes  in  all 
four  arms  of  a Wheatstone-bridge 
circuit,  Glenn*  has  constructed  a 
voltmeter  which  can  operate  .a  1-ma 
instrument  on  less  than  0.5  volt 
input.  Stability  and  high  input  re- 
sistance are  claimed  along  with  this 
high  sensitivity.  Instruments  of 
higher  range  are  not  suitable  for 
this  circuit  because  all  tubes  must 
be  operated  at  very  low  plate  cur- 
rents in  order  to  avoid  a large  grid 
current  in  the  input  tube. 

Wbaatstomt  *ridge 

The  circuit  shown  in  Fig.  4 is 
similar  to  that  of  Glenn,  but  con- 
tains the  added  resistors  iJ,  and  R,. 


those  of  Fig.  2 and  Fig.  4 are  ad- 
vantageous, complete  compensation 
for  line-voltage  fluctuations  is  not 
attained  in  them.  The  • difficulty 
arises  from  slight  differences  in 
dynamic  characteristics  and  in 
heater  characteristics  of  similar 
tubes  and  should  be  more  prominent 
in  circuits  like  those  shown  above, 
especially  when  little  or  no  degen- 
erative feedback  is  used.  However, 
it  was  found  that  power-line  fluctu- 
ations in  bur  laboratory  caused  a 
negligible  error  in  reading  when 
balanced  circuits  were  used.  For 
cases  where  these  fluctuations  are 
larger  or  where  a more  sensitive 
indicating  instrument  is  to  be  used, 
greater  stability  could  be  obtained 
by  using  a stabilized  power  supply 


The  latter  increase  the  power  out- 
put greatly,  especially  when  power 
tubes  are  used  in  the  second  stage. 
When  tubes  like  6V6-GT,  6L6  and 
6AG7  are  used  at  very  conservative 
plate  currents,  a maximum  deflec- 
tion of  15  to  25  ma  for  1.6  volts 
input  is  easy  to  obtain.  Prelimin- 
ary experiments  have  shown  that 
the  output  can  be  made  linear  over 
the  first  5 or  10  ma  and  that  prac- 
tical stability  is  possible.  The  use 
of  separate  resistors  in  the  cathode 
circuits  of  the  first  stage  is  desir- 
able. 

Uae-Voltage  Compeeiatloe 

Although  balanced  circuits  like 


or  a constant-voltage  transformer. 

It  can  be  expected  in  the  above 
circuits  that  the  calibration,  de- 
pending more  than  usual  upon  tube 
characteristics,  will  change  slightly 
as  the  tubes  age.  The  inclusion 
of  a Mallory  bias  cell  in  a voltmeter 
allows  a frequent  and  rapid  check 
upon  this  calibration. 
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Stabilized  NEGATIVE 
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Negative  impedance  is  produced  from  a positive  impedance  of  the  desired  type  by  posi-  : 
tive  feedback  through  an  amplifier  stabilized  with  negative  feedback.  Basic  circuits  and  t 
fundamental  equations  indicate  the  regions  and  limits  of  stability  for  ideal  conditions  '‘r 


INVERSE  FEEDBACK  is  one  of  the 
most  important  developments 
in  cmnmunication-network  tech- 
nique since  the  invention  of  the 
vacuum  tube.  Evolution  of  this 
principle  can  be  traced  along  sev- 
eral independent  courses  two  of 
which  form  the  basis  for  this  three- 
part  article. 

One  of  these  courses  culminated 
in  Black’s1  disclosure  in  1934  of 
negative  feedback  by  means  of 
which  amplifiers  can  be  stabilized 
and  improved  in  many  ways.  A 
somewhat  earlier  contribution  was 
made  by  Aiken’,  and  Crisson*  who 
discovered  that  by  an  appropriate 
application  of  positive  feedback  a 
two-terminal  negative  impedance 
could  be  obtained. 

By  combining  the  stabilizing  fea- 
ture described  by  Black  and  the 
negative-impedance  concept  intro- 
duced by  Crisson  and  Aiken,  it  is 
possible  to  obtain  a negative  im- 
pedance that  can  be  used  as  a stable 
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circuit  element.  Thus  by  adding 
negative  resistance,  negative  ca- 
pacitance, and  negative  inductance 
to  the  list  of  positive  impedances, 
the  engineer  now  has  at  his  dis- 
posal six  elements  for  design  in- 
stead of  the  usual  three,  making 
possible  not  only  an  improvement 
in  some  of  the  present  circuit  ap- 
plications, but  also  opening  an  en- 
tirely unknown  field  of  design. 

The  first  two  parts  of  this  ar- 
ticle show  how  stabilized  circuit 
elements  can  be  obtained  and  in- 
vestigate their  stability  and  reli- 
ability. A few  practical  applica- 
tions are  described  in  the  final  part 
—not  to  give  an  air  of  complete- 
ness, but  merely  to  illustrate  some 
of  the  ways  in  which  the  negative 
circuit  elements  can  be  used. 

A positive  resistance  R is  defined 
by  Ohm’s  law  as  the  constant  of 


proportionality  between  the  volt- 
age across  and  the  current  flowing 
through  that  resistance.  That  is, 
R = E/I  where  E and  / are  voltage 
and  current,  respectively.  Accord- 
ing to  Joule’s  law,  power  will  be 
dissipated  in  resistance  R at  rate  P 
where  P = PR. 

Nature  of  Negative  Resistance 

From  these  two  laws  a definition 
of  negative  resistance  may  be 
formed.  If  R is  replaced  by  —R„  it 
will  be  seen  that  Ohm’s  law  will 
still  hold,  for  voltage  and  current 
will  still  be  proportional  to  each 
other.  Joule’s  law  will  state,  how- 
ever, that  instead  of  dissipating 
power,  the  negative  resistance  will 
generate  power,  introducing  it  into 
the  circuit  at  the  rate  PR.. 

Obviously,  if  any  device  is  to 
show  a negative-resistance  charac- 
teristic, it  must  contain  a source  of 
power,  such  as  a battery,  and  a 
means  of  controlling  that  power 
source  so  that  Ohm’s  law  will  be 
followed.  Since,  in  any  practical 
case  a source  of  power  is  limited, 
the  negative-resistance  characteris- 
tic will  be  shown  by  the  device  only 
over  a limited  range  of  voltage  or 
current. 

Negative  Reactances 

The  definition  of  negative  induc- 
tance and  negative  capacitance  may 
be  formed  analogously.  The  reac- 
tance of  inductahce  X,,  is  defined  by 
an  extension  of  Ohm’s  law  to  alter- 
nating currents.  Thus  XL  = EJl 
- JmL  where  EL  is  the  voltage 
across  the  inductance,  I is  the 
current  through  the  inductance, 
and  L is  the  inductance  in  henrys. 
As  is  shown  by  this  relation,  a posi- 
tive inductance  is  one  whose  re- 


PART  I 

iasic  ideal  circuit  and  fundamental  equation!  for 
producing  the  negative  of  a positive  impedance. 
Eq.  II 1-129),  Fig.  |.g,  R»f.  mo 

PART  II 

Effect  on  negative  Impedance  of  variations 
with  frequency  of  amplifier  parameters. 

Eq.  (301-156),  Fig.  10-20,  Ref.  11-13 

PART  III 

Illustrative  applications  of  negative  Impedances 
show  how  Improved  circuits  can  be  obtained 
Eq.  (571-167),  Fig.  21-27.  Ref.  14-16 
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IMPEDANCES  . . . Part  I 


actance  increases  with  frequency. 

If  L is  replaced  by-*-L»,  the  im- 
pedance  is  u>L,/j.  This  equation 
may  be  used  as  a definition  of  a 
negative  inductance.  Thus,  it  is 

- seen  that  a negative  inductance  is 
equivalent  to  a capacitive  reactance 
whose  magnitude  increases  with 
frequency. 

A negative  capacitance  may  be 
defined  in  the  same  way.  It  will  be 

- found  that  a negative  capacitance 
is  equivalent  to  an  inductance 
whose  reactance  decreases  with 
frequency. 

In  passing,  it  should  be  noted 
that  positive  and  negative  induc- 
tances and  positive  and  negative 
capacitances  can  store  energy 
equally  well.  But  in  the  case  of  the 
negative  impedances,  the  amount 

- of  energy  that  can  be  stored  is  lim- 
ited  by  the  amount  of  voltage  or 

;■  current  that  the  negative-imped- 
ance-producing element  can  supply. 

; Because  amplifiers  will  be  used 
to  produce  the  negative  impedances 
it  will  be  necessary  to  consider 
their  limits  of  linearity  and  power 
handling  capacity.  This  considera- 
tion will  be  taken  up  in  Part  II; 
for  the  present  we  will  assume  that 
an  amplifier  which  is  linear  within 
the  range  of  operation  required  for 

'■  Production  of  the  required 
negative  impedances  can  be  built. 


Negrtlv#  Rtilstancv  Sources 

There  are  many  sources  of  neg 
ative  resistances  known  at  present 
Some  of  them  occur  in  natural  phe 
aomena  such  as  in  gaseous  dis 
c arges,  others  are  produced  by  ar 
1 cial  means  such  as  a source  o: 
ener87  and  a control  device  ar 
ranged  to  maintain  current  an< 
0 lage  in  their  required  ratio, 
example  of  the  latter  is  i 

series  Strata 
*nich  shows  a negative-resistane 

in!r^teristic  *)ecause  current  flow 
it«  s ij°U^  Kenerator  excite; 
, ? the  generator  produce; 
0 ge  which  tends  to  increas; 

1116  current 
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FIG.  1 — Circuit  lor  producing  shunt  nega- 
tive Impedance  across  Its  Input  terminals 


FIG.  2 — Circuit  ior  producing  series  nega- 
tive impedance  across  its  input  terminals 


Sources  of  negative  resistance 
which  are  useful  in  communication 
circuits  were  described  by  Herold* 
and  others.  Some  of  these  are : Arc 
discharge,  the  dynatron,  retarding- 
field  type  of  negative  resistance*,  a 
space-charge  grid  tube  which  op- 
erates with  a temperature-limited 
cathode,  the  split  anode  magnetron, 
and  a low  gas-pressure  triode. 

None  of  these  methods  of  ob- 
taining negative  resistances  are 
capable  of  producing  pure  negative 
reactances.  Moreover,  examination 
of  the  various  methods  reveals  that 
in  most  cases  the  resistance  is  not 
linear,  but  depends  greatly  upon 
the  magnitude  of  the  applied  volt- 
age or  current. 

A different  method  of  obtaining 
negative  circuit  elements  has  been 
suggested  by  Crisson,  Dudley,  and 
Mathes  by  means  of  which  it  is 
possible  to  obtain  linear  negative 
resistances  of  any  value  whatever 
and  also  pure  negative  reactances. 
The  following  section  will  discuss 
the  methods  suggested  by  Crisson.* 

There  are  two  ways  in  which  it 
is  possible  to  obtain  negative  im- 
pedance provided  a positive  of  this 


impedance  can  be  constructed  in 
the  form  of  a two-terminal  net- 
work. The  two  methods  can  be  used 
to  produce  the  same  impedance,  but 
it  will  be  found  that  only  one  of 
them  can  be  used  in  any  particular 
application.  This  consideration  will 
be  discussed  in  greater  detail  later. 

First,  equations  will  be  deter- 
mined for  the  input  impedances  of 
the  two  circuits  which  have  been 
found  to  give  negative  impedances. 
This  analysis  will  indicate  the 
range  and  limiting  factors  of  the 
negative  impedances  so  produced. 

Sfcaat  Negative  leipedanee 

Consider  the  amplifier  shown  in 
Fig.  1.  The  square  labelled  A repre- 
sents an  ideal  amplifier  with  a volt- 
age amplification  A and  an  output 
resistance  £,.  (Output  impedance 
R,  in  this  paper  will  mean  the  im- 
pedance looking  into  the  output 
terminals  of  the  amplifier.  It  is  not 
necessarily  equal  to  the  physical 
output  impedance  of  the  amplifier 
because  it  may  be  affected  by  the 
presence  of  negative  feedback  in 
the  amplifier.) 

By  an  ideal  amplifier  is  meant 
an  amplifier  which  has  a uniform 
frequency  response  from  zero  to 
infinity  cycles  per  second,  infinite 
power  handling  ability,  zero  phase 
shift  for  all  frequencies,  and  an 
output  resistance  B,  which  is  inde- 
pendent of  frequency. 

Let 

e = voltage  applied  to  the  amplifier 

er  = voltage  at  the  input  terminals  of  the 
amplifier  (see  Fig.  1) 

Zi  = any  positive  impedance,  the  negative 
of  which  it  is  desired  to  obtain 

Rb  *»  a resistance  placed  as  shown  in  Fig.  1 

i = current  taken  from  the  source  of 
voltage  e 

The  circuit  shown  in  Fig.  1 may 
be  rearranged  by  means  of  The- 
venin’s  theorem.  If  this  is  done, 
the  output  of  the  amplifier  as  shown 
in  Fig.  1 may  be  replaced  by  the 
equivalent  voltage  e A in  series 
with  the  output  resistance  B,.  With 
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FIG.  3 — Gain  of  amplifier  determines  magnitude  and  sign 
of  negative  resistance  produced  across  its  input  although 
a single  positive  resistance  is  used 


FIG.  4 — A wide  range  of  negative  resistances  can  be  pro- 
duced by  choice  of  amplification  and  of  either  shunt  or  series 
circuits 


this  transposition  in  mind,  the  fol- 
lowing relations  can  be  written. 
The  net  voltage  acting  across  the 
output  impedance  and  impedance 
Z,  is  (e'  — e'A),  according  to  the 
convention  of  polarities  of  voltages 
indicated  in  Fig.  1 by  means  of  ar- 
rows. Hence,  the  current  that  flows 
through  and  Z.  in  series  is 


e'  — e'  A e'  (1  — A) 
Zj  4-  Ri  Za  + Ri 


(1) 


Solving  for  e'/i 


This  ratio  represents  an  imped- 
ance at  the  amplifier  terminals 
where  e'  is  measured.  The  imped- 
ance offered  to  the  source  of  volt- 
age e must  be  the  sum  of  Rt  and 
this  apparent  amplifier  input  im- 
pedance. Defining  the  impedance 
offered  to  the  source  e by  the  en- 
tire circuit  as  Z„ 

Z„  = e/i  •=  Ri  + e’/i 

Z-  = R>  + y~a  + (3) 

If  R,  is  adjusted  so  that  Rc  = 
R,/(A  - 1),  then  R , + R>/(  1 - 
A)  = 0,  and  therefore  Eq.  (3)  be- 
comes 


Z.  = Z,/(  1 - A)  (4) 

If  the  amplification  A is  positive 
and  greater  than  unity,  then  the 
input  impedance  of  the  circuit  of 
Fig.  1 is  negative  and  determined 
in  character  only  by  the  nature  of 
Z„.  Crisson  attributes  this  type  of 


a negative  impedance  to  Dudley 
and  for  reasons  which  will  be  ex- 
plained later  calls  this  type  of  neg- 
ative impedance  the  shunt  nega- 
tive impedance. 


Seriei  Negative  Impedance 


The  second  method  of  obtaining 
negative  impedance  is  illustrated 
in  Fig.  2.  In  this  case  Z,  is  the  pos- 
itive impedance  the  negative  of 
which  is  the  desired  result.  R,  is  a 
resistance  whose  function  is  simi- 
lar to  that  of  R6  in  the  previous 
case. 

If  e is  the  voltage  applied  at  the 
terminals  of  the  circuit  as  is  shown 
in  Fig.  2,  then  a current  i will  flow 
through  the  circuit.  The  following 
equation  can  be  written. 


: «'  («.  + Zi  + no  - 

« (A  -' 


I + Z,)A 


From  which 


(6) 


' (e/0  =■  Z,-(l  — A)  + 
A (1  - A)  + R, 


(6) 


If  R,  is  adjusted  so  that  R,  - R, 
(4  - 1),  then  Rt  + ft,(i  _ A)  = 
0,  and  therefore 


- Zs  (1  - A)  (7) 

If  A is  positive  and  greater  than 
unity,  the  input  impedance  of  the 
circuit  is  negative  and  determined 
in  character  only  by  the  nature  of 
Z3.  This  type  of  a negative  imped- 
ance  is  called  a series  negative  im- 
pedance. Crisson  attributes  its  dis- 
covery to  Mathes. 

From  the  preceding  discussion  it 


is  evident  that  by  means  of  appli- 
cation of  positive  feedback  in  an 
ideal  amplifier  it  is  possible  to  ob- 
tain negative  impedances  without 
depending  upon  natural  phenome- 
non such  as  gas  discharge  or  sec- 
ondary emission,  or  upon  a device 
which  may  be  inherently  non- 
linear. 

Reliability 

The  elementary  picture  given 
above  is  not  sufficient  for  a prac- 
tical application  of  negative  imped- 
ances. One  can  readily  observe  that 
both  of  these  circuits  are  essen- 
tially members  of  the  same  family 
and  involve  positive  feedback,  and  t 
one  would  be  rightly  justified  in  , 
raising  the  question  of  stability  , 

and  how  the  deviations  from  the  as- 
sumed ideal  amplifier  will  affect  its 
performance.  These  questions  will  ] 

be  discussed  later  where  it  will  be 
shown  that  negative  circuit  ele-  , 

ments  can  be  made  to  possess  ex- 
traordinary stability,  and  that  the  | 
deviations  of  an  actual  amplifier  | 
from  the  ideal  modify  the  results  | 
only  in  special  regions.  I 

In  addition  to  the  positive  feed-  I 
back  that  is  obviously  necessary  to  j 

obtain  the  negative  impedances, 
the  amplifiers  themselves  can  be 
stabilized  with  negative  feedback. 

It  will  be  shown  that  simultaneous 
application  of  positive  and  negative 
feedback  in  an  amplifier  may  be 
made  use  of  to  produce  negative 
impedances  which  are  just  as  sta- 
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~ble  and  reliable  as  ordinary  eom- 
, mercially  available  circuit  elements. 
I Nor  in  this  simultaneous  applica- 
tion of  positive  and  negative  feed- 
| back  does  the  effect  of  one  cancel 
" the  effect  of  the  other.  Amplifier 
gain  does,  however,  play  a major 
part  in  determining  the  magnitude 
j and  stability  of  negative  imped- 
ance. The  effect  is  different  for 
negative  impedances  produced  by 
the  two  methods,  as  the  following 
- considerations  will  show. 


Aapflfor  Gain  hi  Slant  Clrcnits 


- If  the  amplification  in  Fig.  1 is 
_ zero,  the  input  impedance  offered 

to  the  source  of  a voltage  e is  the 
• sum  {R,  + Z,  + B,),  and  the  cur- 
1 rent  flows  from  the  source  of  volt- 
age, being  entirely  determined  by 
this  sum.  If  A is  increased  posi- 
tively from  zero  towards  infinity, 
the  current  will  decrease  and  when 
A is  of  such  a magnitude  that  the 
output  voltage  of  the  amplifier  just 
equals  e,  the  current  must  be  zero 
and  therefore  the  input  impedance 
' Z.  must  be  infinite.  This  is  also 
observed  from  Eq.  (3)  and  (4), 
: becaus*  when  A = 1,  Z.  becomes 
infinite.  I 

If  A becomes  greater  than  unity, 
the  current  reverses  and  flows  into 
: the  source  of  voltage  e and  the  cir- 
s cuit  exhibits  negative  impedance 
f-  characteristics.  When  A reaches  a 
--  ^ue  80  that  the  resultant  current 
a owing  into  the  voltage  source  e 

- supplies  all  the  losses  in  its  path, 
£ oscillations  will  result. 

An  example  of  this  kind  of  a neg- 

- stive  impedance  is  illustrated  in 

i8.  3,  where  Z,  was  chosen  to  be 


a pure  resistance  so  that  th< 
impedance  of  the  amplifiei 
pure  negative  resistance, 
shaded  region  indicates  the 

of  A for  which  the  amplifier 

«stde  and  in  which  case  cur 

5*  «■&  ^ ‘he  power  hi 
'‘ty  of  the  amplifier.  It 
J?  P*.  3 that  the  negat 

inlnC\SUPPHed  the 

J***  region  is  grei 

parril'^  tha“  1116  resistani 
Psrsllel  w.th  which  it  is  con 

^ approaches  an  open  circ 
pi*0-*  be  observed  s 
five  ,^1*  combination  of 
ssistance  in  parallel  ■ 
ne«a«ve  resistance 
a PosiUve  resistance,  all 
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the  series  combination  of  the  same 
two  resistances  will  result  in  a neg- 
ative resistance. 

From  interpretation  of  the  per- 
formance of  the  circuit  it  was 
found  that  the  arrangement  of  Fig. 
3 is  Btable  as  long  as  the  negative 
resistance  supplied  by  the  amplifier 
is  greater  than  the  positive  resis- 
tance across  which  it  is  connected, 
i.e.,  in  the  region  where  the  parallel 
combination  of  the  two  is  positive. 
Because  of  this  phenomenon,  the 
type  of  the  negative  impedance  sup- 
plied by  the  arrangements  shown  in 
Figs.  1 and  3 is  called  a shunt  neg- 
ative impedance. 

AaipIMor  Gala  la  Sariai  Clrcnits 

The  situation  in  the  case  of  Fig. 
2 will  be  found  to  be  different.  If 
the  amplification  is  zero,  then  the 
input  impedance  of  the  amplifier 
consists  of  the  sum  (R,  + Z,  + RJ. 
As  A is  increased  from  zero  to 
unity,  the  voltage  developed  across 
the  output  terminals  of  the  ampli- 
fier will  be  of  such  a direction  that 
it  will  aid  the  applied  voltage  and 
the  current  will  increase.  When 
A = 1,  the  input  voltage  just  equals 
the  output  voltage,  and  the  voltage 
drop  across  the  entire  arrangement 
will  be  zero,  which  corresponds  to 
zero  input  impedance.  The  current 
at  this  point  will  be  limited  entirely 
by  the  internal  impedance  of  the 
source  of  voltage  e. 


FIG.  5 — Rearrangement  of  Fig.  I -and  2 
ehowe  that  both  shaat  and  eerie*  negative 
impedance  are  obtained  from  the  same 
basic  circuit,  (a)  corresponds  to  Fig.  1. 
<b)  to  Fig.  1 


If  A is  larger  than  1,  there  will 
be  a negative  drop  across  the  ampli- 
fier and  its  input  impedance  will  be 
negative  as  defined  by  Eq.  (6)  and 
(7).  If  A is  increased  to  the  point 
where  the  current  is  so  large  that 
it  supplies  all  the  losses  in  its  path, 
instability  will  be  reached.  As  is 
shown  in  the  special  case  illustrated 
in  Fig.  4,  the  current  for  a constant 
voltage  will  continuously  increase, 
from  a value  determined  by  (R,  + 
R,  + Z,)  when  A = 0 to  infinity 
when  all  the  losses  are  supplied  by 
the  amplifier. 

As  is  clearly  evident  from  these 
considerations  and  Fig.  4,  the  nega- 
tive impedance  will  be  stable  and 
finite  as  long  as  its  value  is  smaller 
in  magnitude  than  the  impedance 
in  series  with  which  it  is  connected. 
Thus,  in  the  stable  region  of  oper- 
ation, the  series  combination  of 
positive  and  negative  impedance  is 
positive,  and  for  this  reason,  this 
type  of  a negative  impedance  is 
called  a series  negative  impedance. 

Nogotivo-lapodancn  Limits 

From  this  discussion  it  is  evi- 
dent that  across  a given  positive 
resistance  any  value  of  negative 
resistance  may  be  placed,  from  zero 
to  infinity,  and  providing  the  nega- 
tive resistance  is  of  the  right  kind 
(shunt  or  series),  a stable  result 
will  be  obtained.  It  is  plain  that 
the  ordinary  concept  of  resistance 
is  incomplete;  a prediction  regard- 
ing the  behavior  of  the  combination 
of  positive  and  negative  imped- 
ances cannot  be  made  without  com- 
plete information  regarding  the 
method  used  to  supply  the  negative 
element.  A more  complete,  but  not 
any  more  rigorous,  discussion  will 
be  found  in  the  literature.*  *■  * 

In  Fig.  1 and  2 resistances  R . and 
R,  are  not  essential  parts  of  the 
negative  impedances  and  Eq.  (8) 
and  (6)  show  that  negative  imped- 
ances will  result  whether  these  two 
resistances  are  present  or  not.  How- 
ever, due  to  the  finite  magnitude 
of  the  output  impedance  of  the  am- 
plifier the  negative  impedance  ob- 
tained by  means  of  the  amplifier 
alone  will  contain  a term  which  is 
due  to  the  output  impedance  of  the 
amplifier.  By  placing  proper  posi- 
tive resistances  in  series  with  the 
negative  impedance  the  resistive 
component  of  this  term  will  be  can- 
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celled  and  a pure  negative  imped- 
ance can  be  obtained.  In  the  case 
of  an  ideal  amplifier  this  cancella- 
tion can  always  be  done;  in  the 
discussion  which  follows,  it  will  be 
invariably  assumed  to  have  been 
done.  Errors  due  to  this  assump- 
tion in  the  case  of  an  actual  ampli- 
fier will  be  discussed  and  analysed 
in  Part  II. 

Stability 

Before  launching  into  the  discus- 
sion itself,  the  particular  sense  in 
which  the  terms  are  used  will  be 
defined. 

Conventional  technical  terminol- 
ogy is  often  confusing,  the  word 
stability  having  more  than  one 
meaning.  In  this  paper  there  are 
discussed  two  kinds  of  stability  and, 
although  somewhat  related,  their 
meanings  are  different 

Operation  of  an  amplifier  is  gen- 
erally termed  stable  if  introduc- 
tion of  an  infinitesimal  voltage  any- 
where in  the  amplifier  will  result 
in  a transient  which  will  decrease 
with  time.  If,  on  the  other  hand, 
the  introduction  of  such  voltage 
will  produce  currents  which  will  in- 
crease indefinitely  with  time  (or 
until  limited  by  saturation  of  some 
element) , operation  of  the  amplifier 
is  said  to  be  unstable  but  in  this 
paper  such  a result  will  be  termed 
oscillation. 

The  second  type  of  stability  will 
be  defined  by  the  word  stability 
itself,  and  will  refer  to  the  amount 
that  the  negative  impedance  can 
change  due  to  a small  variation  in 
amplification  of  the  amplifier,  as 
for  example  by  power  supply  volt- 
age variation. 

Conditions  for  Oscillation 

Because  positive  feedback  around 
an  amplifier  is  used  to  produce  ne- 
gative impedance,  it  is  to  be  ex- 
pected that  oscillation  will  occur 
for  some  conditions;  in  fact  the 
previous  qualitative  examination  of 
the  effect  of  amplifier  gain  indi- 
cated, that  for  large  amplification, 
oscillation  does  take  place;  there- 
fore a more  rigorous  analysis  of 
the  conditions  for  oscillation  will 
be  made. 

Figures  5(a)  and  5(b)  are  rear- 
ranged forms  of  schematic  circuits 
shown  in  Fig.  1 and  2 in  which  Z, 
is  the  internal  impedance  of  the 
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source  e.  From  these  it  is  seen  that 
the  actual  circuits  which  develop 
negative  impedances  are  identical 
in  character,  the  difference  being 
merely  in  the  two  points  across 
which  the  desired  negative  imped- 
ance is  developed. 

On  the  basis  of  the  criterion 
given  by  Nyquist’  the  possibility  of 
oscillation  may  be  determined  by 
considering  the  circuits  as  positive- 
feedback  circuits  in  which  the  im- 
pedance Z„  is  the  impedance  which 
is  actually  used  across  the  termi- 
nals of  the  negative  impedance.  In 


FIG.  6 — Oscillation*  can  not  occur  unless 
point  (1,  0)  of  the  Nyquist  diagram  is  en- 
closed by  the  feedback-factor  curve 


general,  it  is  impossible  to  predict 
whether  oscillation  will  or  will  not 
occur  except  by  applying  Nyquist’s 
criterion.  In  simple  cases,  however, 
it  is  possible  to  examine  the  cir- 
cuits in  the  following  manner. 

The  oscillations  cannot  occur  un- 
less there  is  a value  of  the  positive 
feedback  factor  oA  equal  to  or 
greater  than  unity,  where  A is  the 
amplification  parameter  of  the  am- 
plifier and  a is  the  fraction  of  the 
output  voltage  of  the  amplifier  that 
appears  across  its  input.  In  the 
case  of  shunt  negative  impedance, 
a is  defined  as  follows 

— R*  H- 

Z.  b-  Hi  T-  Zi 

And  in  the  case  of  series  negative 
impedance 


a = 4~  Zt 

Z|  /?,  z,  (9) 

The  positive-feedback  factor  «A 
is  a complex  number  and  is  a func- 
tion of  frequency  in  a way  which  is 
determined  by  the  type  of  amplifier 


used  and  the  character  of  the  feed- 
back network.  It  can  be  divided 
into  a real  and  an  imaginary  part 

aA  =p  + ys. 

A not  sufficient  but  a necessary 
condition  for  oscillation  is  that 
8 = 0.  There  may  be  several  fre- 
quencies at  which  this  condition  is 
satisfied,  say,  at  /„  If 

the  real  part  of  oA  at  any  one  of 
these  frequencies  exceeds  unity, 
then  oscillations  will  exist.  Hence, 
the  condition  for  oscillation  may  be 
stated  as 


*(/.,/>,/.  -.-/.)?  1 
6 - 0 


The  one  possible  but  unusual  and  | 
seldom  met  exception  to  this  rule 
may  occur  as  is  shown  in  Fig.  6 
where,  according  to  Nyquist’s  cri- 
terion, oscillations  cannot  occur. 
On  the  other  hand,  if  the  smallest 
value  of  p(/„  /, . . . /„)  is  greater 

than  unity,  then  re-entrant  curves 
around  the  point  (p  = 1,  8 = 0)  are 
impossible  and  oscillations  will 
necessarily  exist.  This  is  by  far  the 
most  usual  case. 

If,  for  instance,  the  source  im- 
pedance Z0  is  zero  in  the  case  of  the 
series  negative  impedance,  then  ac- 
cording to  Eq  (9)  a = 1 an#  *A  = 
1.  In  the  ideal  amplifier  (or  in  a 
practical  one  at  the  point  where  the 
phase  shift  is  zero)  A is  a real  con- 
stant so  that  8 = 0.  If  A is  greater 
than  unity,  then  oscillations  must 
occur.  In  the  case  of  a shunt  nega- 
tive impedance,  if  the  source  im- 
pedance Z0  is  made  infinite,  then 
aA  = 1 and  oscillations  must  occur. 
This  is  seen  to  be  in  agreement 
with  the  physical  interpretation  of 
the  negative  impedance  previously 
described. 


r 
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Stabilization  of  Negative  Impedances 


Behavior  of  the  negative  im- 
pedance obtained  in  the  manner  il- 
lustrated in  Fig.  1 and  2 depends 
only  upon  two  factors,  namely,  the 
amplifier  and  the  positive  imped- 
ance. The  positive  impedances 
and  Z,  are  ordinary  impedances  con- 
structed from  resistors,  inductors, 
and  capacitors.  The  resultant  neg- 
ative impedance  will  obviously  pos- 
sess all  the  characteristics  of  these 
elements  such  as  impedance  change 
with  temperature  or  with  the 
amount  of  current  or  voltage  ap- 
plied to  them.  But  in  addition  to 
these,  the  negative  impedance  is 
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also  dependent  upon  the  gain  of  the 
amplifier  used  to  supply  that  nega- 
tive impedance. 

In  ordinary  amplifiers  the  ampli- 
fication often  changes  because  of 
voltage  fluctuations  of  the  power 
supplies.  Slow  changes  in  tube 
characteristics  and  aging  of  the 
components  of  the  amplifier  also 
produce  slow  variations  in  the  gain 
of  the  amplifier,  and  these,  of 
course,  will  change  the  magnitude 
of  the  negative  impedances.  How- 
ever, all  of  these  factors  may  be 
greatly  reduced  by  sufficient  nega- 
tive feedback  within  the  amplifier 
itself.  As  will  be  shown  later,  the 
characteristics  of  the  negative  im- 
pedance can  be  easily  made  depend- 
ent, not  upon  the  properties  of  the 
amplifier  that  supplies  it,  but  upon 
the  variations  of  the  positive  im- 
pedances Z , and  Z , in  the  way  men- 
tioned previously. 

The  stabilization  of  the  ampli- 
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fier  that  supplies  the  negative  im- 
pedances is  well  known  and  does 
not  need  to  be  fully  described 
here.1,  *•  *• " Important  properties 
of  stabilized  amplifiers  of  particu- 
lar interest  in  connection  with  the 
negative  impedances  will  be  taken 
up  in  Part  II.  Simplified  diagrams 
of  possible  ways  in  which  feedback 
can  be  applied  to  amplifiers  supply- 
ing negative  impedances  are  shown 
in  Fig.  7(a)  and  7(b). 

Effect  of  Negative  Feedback 

The  amplifier  shown  in  both 
cases  is  a two-stage  amplifier  with 
all  sources  of  power  and  filter  net- 
work omitted  for  the  sake  of  sim- 
plicity. A two-stage  amplifier  is 
necessary  because  the  output  and 
the  input  must  be  of  the  same  rela- 
tive polarity.  A fraction  p where 
P = ft/  (ft  + ft)  of  the  output 
voltage  of  the  amplifier  is  returned 
to  its  input  in  such  a manner  that 


negative  feedback  is  developed  in 
the  amplifier  and  its  gain  is  stab- 
ilized by  the  factor  Afj,  where  A is 
the  amplification  of  the  amplifier 
with  all  feedback  networks  omitted. 
Except  for  the  introduction  of  neg- 
ative feedback,  these  circuits  will 
be  found  to  be  the  same  as  the  sche- 
matic representations  shown  in 
Fig.  1 and  2. 

The  negative  impedance  devel- 
oped by  the  amplifiers  shown  in 
Fig.  7 may  be  found  in  the  same 
manner  as  in  Eq.  (4)  and  (7)  if 

A — amplification  of  the  amplifier  without 
negative  feedback 

(3  = fraction  of  the  output  voltage  re- 
turned to  the  input  of  the  amplifier 
as  negative  feedback 

G = gain  with  negative  feedback 

G = A/(  1 - A0)  (10) 

and  ft  and  ft  so  adjusted  that 

- R\/(G  - 1)  (ID 

R,  - R,/«7  - 1)  (12) 

then,  the  shunt  negative  impedance 
will  be  given  by 

= Z,/(  1 - G)  (13) 

and  the  series  negative  impedance 
by 

Z,  = Z,  (1  - G)  (14) 

In  the  material  that  is  to  follow, 
it  will  be  assumed  that  ft  and  ft 
are  so  adjusted  that  Eq.  (11)  and 
(12)  hold  and  Eq.  (13)  and  (14) 
will  be  used  with  this  implication 
in  mind.  For  the  sake  of  simplicity, 
all  diagrams  shown  from  this  point 
on  will  not  show  resistances  ft  and 
ft,  although  their  presence  is  im- 
plied in  all  cases  where  a pure  neg- 
ative impedance  is  desired. 

Stability  of  Negative  Impedances 

At  first  sight  it  may  be  thought 
that  simultaneous  application  of 
positive  and  negative  feedback  in 
the  same  amplifier  will  simply  pro- 
duce cancellation,  and  if  equal  feed- 
back factors  are  used  the  result 
would  be  the  same  as  if  no  feed- 
back were  used  at  all.  However, 
this  is  not  so,  as  will  become  appar- 
ent as  the  discussion  progresses. 

As  was  seen  in  the  above  deriva- 
tions and  discussions,  circuits 
shown  in  Fig.  1 and  2 produce  nega- 
tive impedances.  By  application  of 
negative  feedback  internally  to  the 
amplifier  its  gain  may  be  stabilized 
in  the  conventional  manner.  The 
extent  to  which  the  negative  feed- 
back stabilizes  the  negative  imped- 
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and  therefore 


From  which,  the  stability  coeflki 
may  be  recognized  as 


This  important  relation  ste 
that  shunt  negative  impedance 
stabilized  by  a factor  which  d 
not  contain  Z,  and  hence,  the  i 
bility  of  shunt  negative  impeda 
is  independent  of  its  magnitude 
Investigation  of  the  proper! 
of  the  stability  coefficient  she 
that  there  is  an  optimum  value 
fj  for  any  given  value  of  A.  1 
best  value  of  [S  may  be  obtained 
maximizing  Eej.  (18)  with  resp 
to  fi,  as  follows 

,4|(1  - At)  - A)  A + 

dk  11  — _ n , 


A = IQOOC 


from  which  the  optimum  value 
p for  any  given  value  of  A may 
obtained.  The  stability  coefficie 
at  is 


FIG.  8 — Stability  coefficient  as  a function  of  amplification  and  negative  feed- 
back shows  regions  in  which  best  stability  of  negative  impedance  can  be 

obtained 


ances  will  now  be  determined  gation  parameter  of  the  amplifier 

quantitatively.  would  produce  no  change  in  nega- 

Stability  of  a negative  imped-  tive  impedance, 

ance  may  be  defined  as  the  frac-  As  will  be  seen  presently,  stabil- 
tional  change  in  negative  imped-  ity  of  the  shunt  and  series  negative 

ance  produced  by  a small  change  in  impendance  is  different,  and  the 

gain  of  the  amplifier  which  sup-  analyses  will  be  divided  into  sepa- 

plies  that  negative  impedance,  rate  parts. 

Stated  algebraically  dZ„/Z„  = 

IcdA/A  where  A is  the  gain  of  the 
amplifier,  oA  is  a small  change  in 
the  gain,  oZ„  is  the  change  in  the 
negative  impedance,  and  k is  a co- 
efficient of  stability,  obviously  de- 
pendent upon  the  amount  of  nega- 
tive feedback  utilized  in  the  ampli- 
fier. 

The  coefficient  of  stability  k de- 
scribes to  what  extent  negative  im-  t ■-''u 

pedanee  is  affected  by  small  changes  l — A&  — A 

in  the  propagation  parameter  of  The  stability  coefficient  may  be 
the  amplifier.  The  ideal  case  would  obtained  from  this  expression  by 
be  obtained  if  k were  zero,  i.e.,  differentiating  with  respect  to  A 
when  a sms’1  tge  in  the  propa-  giving  change  in  to  change  in  A 


Another  critical  point  ocei 
when  the  denominator  of  Eq.  (1 
becomes  zero,  i.e.,  when  (1  — A fi 
A)  = 0.  This  is  the  case  when 

P = (1  - A)/ A 

At  this  value  of  /?  the  stabili> 
coefficient  is  infinite  and  a sm. 
change  in  gain  would  produce 
infinite  change  in  the  negative  ity 
However,  at  this  value  ^ 


Stability  of  Shunt  Negative  Impedance 


pedanee, 

/ 3 the  gain  of  the  amplifier  is  un 


The  shunt  negative  impedance  is 
dependent  upon  the  gain  of  the  am- 
plifier in  the  way  expressed  by  Eq. 
(13).  Substituting  the  value  of  G 
given  by  Eq.  (10)  in  Eq.  (13)  one 
obtains  for  negative  impedance  the 
expression 


■Theoretical  • 
Experimental 


FIG.  9 — Experimental  determination  of 
bility  verifies  the  theoretical  prediction 
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and  the  negative  impedance  is  in- 
finite and  obviously  this  critical 
point  is  of  no  importance. 

Stability  Calculations 

Figures  8 and  9 show  Eq.  (18) 
in  graphical  form  as  a function  of 
A and  ft.  From  Fig.  8 it  is  seen 
that  the  larger  the  propagation 
constant  of  the  amplifier,  the  better 
the  stability  of  the  shunt  negative 
impedance.  If  A is  very  large, 
then  ft  — —0.5  gives  the  best  k,  but 
there  is  little  improvement  beyond 
/8>0.1  and  in  all  practical  cases 
this  is  the  most  satisfactory  value 
due  to  the  difficulty  of  obtaining  a 
high  value  of  A and  a higher  value 
of  ft  than  0.1  due  to  the  shunting 
effects  of  the  ft  network. 

With  present  day  tubes  it  is  easy 
to  obtain  an  amplification  of  10,000. 
If  enough  negative  feedback  in  the 
amplifier  is  used  to  make  ft  = —0.1, 
then,  according  to  Eq.  (18)  or  Fig. 
8,  the  stability  coefficient  is  nearly 
10*. 

A test  of  a simple  amplifier  has 
shown  that  a 20  percent  change  in 
the  supply  voltage  of  a typical  am- 
plifier produced  an  8 percent  change 
in  amplification.  Hence,  the 
change  in  the  negative  impedance 
supplied  by  this  amplifier  would  be 
in  the  neighborhood  of  eight  parts 
in  100,000.  This  stability  is  better 
than  that  encountered  with  ordi- 
nary circuit  elements  in  cases 
where  no  temperature  compensa- 
tion is  provided. 


k - 


-A 

(1  - At)  ((1  - 

ASl(Ri/Z,')  + 11-  A) 


(25) 


This  relation  is  different  from 
the  corresponding  one  for  the  shunt 
negative  impedance  because  it  in- 
volves the  terms  Zi,  which  means 
that  the  stability  of  a series  nega- 
tive impedance  depends  upon  the 
magnitude  of  the  negative  imped- 
ance developed  by  the  amplifier.  A 
physical  interpretation  of  this  de- 
pendence may  be  seen  by  ex- 
amining two  boundary  cases. 

If  the  output  impedance  of  the 
amplifier  Rl«Zi,  then  the  stability 
coefficient  becomes  very  much  the 
same  as  the  one  in  the  shunt  nega- 
tive impedance.  If  Zi  = R,  = R,/ 
(G-l),  the  second  bracket  in  the  de- 
nominator of  Eq.  (25)  reduces  to 
zero.  In  this  case,  the  stability  co- 
efficient becomes  infinite.  This  lat- 
ter case  is  of  not  much  practical 
importance,  for  it  corresponds  to 
zero  series  negative  impedance 
offered  by  the  amplifier.  In  a prac- 
tical amplifier,  the  output  imped- 
ance of  the  amplifier  can  be  made 
small,  and  for  any  given  value  of 
the  negative  impedance,  the  stabil- 
ity coefficient  may  be  made  as  small 
as  is  desired  by  increasing  A 
sufficiently.  Rewriting  Eq.  (26) 
shows  this  more  clearly 


k “ (1  - A0)  [1  - (2®) 

(1  - Ag) /A]  \(R,/Zi)  - 11 
If  A is  made  very  large,  then 


by  combining  Eq.  (28)  with  Eq. 
(25)  or  (26).  This  gives  ^ 

topt  = — ((2 R,/z,y  - (29)  j 

U [WZ, ')  - 11 

which  differs  from  the  optimum 
value  *of  the  stability  coefficient  in  f 
the  case  of  shunt  negative  imped-  fj 
ance  in  the  same  general  manner  4 
discussed  above  in  connection  with 
Eqs.  (25)  to  (28). 

Meet  Stable  Conditio* 

It  is  interesting  to  notice  that  ^ 
if  R,/Z,'«li  then  the  optimum 
value  of  ft  in  the  case  of  the  series 
negative  impendance  is  -i.  This 
is  also  true  (exactly  so,  however) 
in  the  case  of  the  shunt  negative 
impendance.  Remembering  the 
fact  that  the  gain  of  the  negative-  - 
feedback  amplifier  approximates 
— 1/6  it  is  seen  that  if  the  opti- 
mum value  of  feedback  is  used  for 
best  stability,  the  gain  of  the  am- 
plifier supplying  negative  imped- 
ance is  just  equal  to  2.  Hence,  from 
Eq.  (13)  and  (14)  it  is  seen  that 
the  negative  impedances  developed 
by  the  amplifier  in  the  two  possible 
manners  are 

shunt  type  Zn  = — Zt 

series  type  Zn  ■=  — Zi 

In  other  words,  if  the  most  stable 
operation  of  the  negative  imped- 
ance is  desired,  the  value  of  the 
negative  impedances  obtained  are 
merely  the  negative  values  of  the 
positive  impedances  Z,  and  Z, 


Stability  of  Sorlei  Negative  Impedance 

Effects  of  small  changes  in  am- 
plification of  the  amplifier  which 
supplies  the  series  negative  im- 
pedance may  be  obtained  in  a simi- 
lar manner.  Series  negative  im- 
pedance is  dependent  upon  the  gain 
of  the  amplifier  as  given  by  Eq. 
(12)  and  (14).  Combining  this 
with  the  Eq.  (10)  which  takes  into 
account  the  negative  feedback  in 
the  amplifier 

Z,  = Z,'(  (23) 

where  Z,'  = Z,  + R, 

From  this,  the  stability  coefficient 
may  be  obtained  by  differentiation 

32.  _ -34 

Zn  = (1  - AS  ((l  - (24) 

AfiMi/Zi)  + \\-A\ 

The  stability  coefficient  is 


” 4tfil  + ^l[(A./2.')-l]  {21) 

and  the  stability  can  be  made  as 
good  as  desired  by  making  A large 
enough. 

For  any  given  value  of  R,/R,' 
and  A there  is  a best  value  of  ft. 
This  critical  value  may  be  obtained 
by  maximizing  k as  given  by  Eq. 
(26)  with  respect  to  ft.  Thi3  leads 
to  the  result. 

A>p»  = — i (1  — iRi/AZ,1)  (28) 

This  again  differs  from  the  best 
value  of  ft  in  the  shunt  negative 
impedance  as  given  by  Eq. 

(22)  because  Eq.  (28)  in- 

volves the  factor  R,/Z,\  i.e.,  it 
depends  upon  the  value  of  the  nega- 
tive impedance  developed  by  the 
amplifier.  The  stability  coefficient 
for  the  series  negative  impedance 
at  the  best  value  of  ft  is  obtained 
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Phototubes  for  Railroad  Operations 


At  the  new  diesel  locomotive 
maintenance  shop  of  the  Erie  Rail- 
road, phototubes  are  used  for  two 
purposes- — to  open  electrically  oper- 
ated overhead  doors  and  for  drying 
and  elevating  sand  into  overhead 
storage  tanks. 

The  door  control  is  actuated  by 
the  beam  from  the  headlight  of  the 
approaching  locomotive  while  it  is 
still  some  distance  away.  This  al- 
lows plenty  of  time  for  the  ponder- 
ous doors  to  open  and  permit  the 
locomotive  to  enter  the  shop  with- 
out a preliminary  stop. 

A sun  visor  is  provided  over  each 
phototube  to  prevent  the  sun  from 
activating  it.  Pushbuttons  inside 
the  building  operate  the  door-clos- 
ing mechanism  after  the  locomo- 
tive has  entered. 

The  sand  for  the  sand  boxes  of 
the  5400-hp  four-unit  diesel  freight 
locomotives  is  dried  by  steam  coils 
over  a drum,  into  which  the  sand 


flows  by  gravity  as  it  dries.  Into 
the  side  of  this  drum  is  welded  a 
pipe,  so  shaped  that  it  permits  sand 
to  spill  over  when  the  drum  be- 
comes full.  About  half-way  down 
the  interior  of  this  pipe  is  welded 
a box  containing  a glass  window  on 
each  side.  Through  these  windows 
a beam  of  light  is  passed  to  a pho- 
totube. 

When  the  drum  becomes  full  of 
sand,  the  surplus  flows  over  into 
the  pipe  and  interrupts  the  beam 
of  light.  Compressed  air  is  imme- 
diately turned  on,  closing  the  inlet 
to  the  drum  and  applying  pressure 
to  the  top  of  the  sand.  The  sand  is 
blown  into  elevated  bins,  where  it 
is  ready  for  use  in  servicing  the  lo- 
comotives. 

When  the  drum  has  been  emp- 
tied, the  windows  of  the  box  inside 
the  pipe  are  again  cleared  and  the 
lightbeam  pases  through  them  to 
reach  the  phototube.  This  turns  off 


When  diesel  locomotires  approach  this  Erie  mointonn , , . 


152 


the  compressed  air,  re-opens  the  in- 
let to  the  drum,  and  allows  it  to 
fill  again — ready  for  the  next  oper- 
ation. This  mechanism  has  proven 
much  more  dependable  than  any 
previous  combination  of  springs, 
switches,  or  other  mechanical 
action. 


More  Accurate  Liquid  Level 
Indicator  for  Aircraft 
Industry 

The  PRINCIPLE  of  operation  of  an 
electronic  gas  gage  for  bombing 
planes,  recently  announced  by  Min- 
neapolis-Honeywell,  can  well  be  ap- 
plied to  a large  number  of  manu- 
facturing operations,  in  refineries, 
large  storage  vats,  and  even  as  a 
means  of  measuring  the  moisture 
content  of  wheat  and  other  mate- 
rials. 

The  illustration  shows  the  instal- 
lation of  the  gas  gage  units  in  a 
typical  four-engined  airplane.  In 
the  gas  tanks  are  mounted  capaci- 
tance units  which  connect  to  an 
electronic  amplifier  and  meter 
mounted  in  the  fuselage.  Each  ca- 
pacitance unit  consists  of  a piece  of 
tubing  which  contains  two  smaller 
pipes  inside  to  form  the  elements 
of  an  electrical  capacitor.  Gasoline 
can  flow  inside  the  tubing  and  be- 
tween the  two  inside  pipes.  The 
minute  current  flow  from  one  pipe 
through  the  gasoline  to  the  other 
pipe  shows  the  electrical  capaci- 
tance of  the  gasoline.  This  changes 
with  the  height  of  the  liquid  within 
the  tank  unit  and  is  measured  elec- 
tronically by  the  amplifier.  Actu- 
ated by  the  amplifier,  an  indicating 
dial  on  the  plane’s  instrument 
panel  shows  the  contents  of  the 
tank  in  gallons. 

Unusual  Conditions 

The  problem  of  determining  fuel 
supplies  is  not  an  easy  one  for 
plane  crews.  Gasoline  actually 
shrinks  in  volume  with  a drop  in 
temperature  and,  from  ground  level 
to  25,000  feet,  this  shrinkage  fre- 
quently reaches  10  percent.  In  ad- 
dition, the  level  of  gasoline  con- 
stantly changes  with  the  roll  (or 
tipping)  axis  of  the  plane,  giving 
false  readings  on  conventional 
gages  of  as  much  as  20  percent  er- 
ror. This  degree  of  error,  when 
coupled  with  shrinkage  and  other 


Digitized  by 


J»/y  194S  — ELECTRONICS 

Google 


. . This  is  Cardioid 


"Cardioid”  means  heart-shaped.  It  describes  the 
pickup  pattern  of  a microphone  as  illustrated  in 
this  diagram.  Unwanted  sounds  approaching  from 
the  rear  are  cancelled  out  and  the  pickup  of  random 
noise  energy  is  reduced  by  66%.  The  actual  front  to 
back  ratio  of  reproduction  of  random  sound  energy 
is  7 to  1. 


. . This  is  Super-Cardioid 


"Super-Cardioid”  also  describes  a pickup  pattern 
and  is  a further  improvement  in  directional  micro- 
phones. The  Super-Cardioid  has  a wide  front-side 
pickup  angle  with  greater  exclusion  of  sounds  ar- 
riving from  the  sides  and  the  rear.  The  front  to 
back  random  sound  ratio  is  14  to  1 which  makes 
it  twice  as  unidirectional  as  the  "Cardioid.”  A 73% 
decrease  in  the  pickup  of  random  noise  energy  is 
accomplished. 


. . This  is  Uniphase 


"Uniphase”  describes  the  principle  by  which  direc- 
tional pickup  is  accomplished  in  a single  Micro- 
phone unit.  This  is  a patented  Shure  development 
and  makes  possible  a single  unit  "Super-Cardioid” 
Directional  Microphone  eliminating  the  necessity 
of  employing  two  microphone  units  in  one  case — 
it  gives  greater  uniformity  in  production,  greater 
ruggedness,  lower  cost  for  comparable  quality  and 
more  uniform  vertical  pickup  pattern. 


This  is  the  result 


The  SHURE  Super-Cardioid 


A decrease  in  the  pickup  of  random  sound  energy 
by  73%  — reduction  of  feedback  and  background 
noise— simplification  of  sound  pickup  are  among 
the  many  advantages  offered  by  the  Shure  "Super 
Cardioid”  Dynamic.  These,  plus  faithful  reproduc 
tion,  are  the  reasons  why  Shure  "Super-Cardioid* 
Microphones  are  used  by  more  than  750  Broadcast 
Stations  in  the  United  States  alone,  by  our  Armed 
Forces  throughout  the  world,  and  on  thousands  of 
Public  Address  Systems  everywhere. 


SHURE  BROTHERS 


OoWMnand  Manufacturmnof  Microphone  and  Acoustic  DaWcat 

225  West  Huron  Street  Chicago  lO,  Illinois 
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Sounds  entering  from  front. 


Sounds  entering  from  rear. 
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factors,  can  lead  a pilot  to  believe 
that  he  has  hundreds  of  gallons 
more  (or  less)  available  than  are 
actually  in  the  tank. 

The  needles  of  float-type  fuel 


gages  fluctuate  constantly.  This  is 
sometimes  further  amplified  be- 
cause at  the  low  pressures  encount- 
ered at  high  altitudes,  the  fuel 
boils,  causing  a foam  to  form — sim- 


ilar to  a bubble  bath— on  the  sur- 
face of  the  gasoline  and  the  float 
rides  on  top  of  the  bubbles,  thus  in- 
dicating a still  greater  supply. 

Developed  at  the  request  of  the 
Air  Technical  Service  Command, 
Wright  Field,  Dayton,  Ohio,  the 
new  device  is  accurate  within  five 
percent  under  extreme  conditions 
of  temperature,  altitude  and  plane 
attitude.  This  compares  with  at 
least  a 15  percent  error  in  the  best 
of  all  existing  means  of  aircraft 
fuel  measurement.  With  no  moving 
parts,  bellows,  gears,  cams  or  levers 
to  get  out  of  calibration,  the  liquid 
level  indicator  weighs  about  If 
pounds,  slightly  more  than  preseni 
fuel  measuring  systems. 

The  unit  now  being  manufac 
tured  is  actually  the  second  of  twi 
designs  developed  by  Minneapolis' 
Honeywell.  Both  of  these  developed 
from  a basic  electronic  circuit  used 
by  the  company  in  an  ice  indicator 
which  measures  ice  forming  or 
wing  and  plane  surfaces  and  turm 
on  the  deicer  pumps  before  weigh 
and  bulk  of  the  ice  become  danger 
ous. 


Gas-qage  taitaUatton*  In  a typical  four -engined  plan*.  The  liquid  level  unit,  shown  at 
upper  right  makes  use  ol  electrical  capacitance  and  may  And  extensive  use  In  Indus- 
trial applications.  Accuracy  Is  within  live  percent  as  against  fifteen  percent  lor  other 
devices  used  In  fuel  measurement 


Elongation  Recorder  for  Materials  Testing 


Military  Needs— in  aviation,  ord- 
nance, marine  equipment,  and  in- 
dustrial mechanisms— have  forced 
greater  tensile  strengths,  higher 
working  limits  and  lower  safety 
factors  for  many  classes  of 
materials. 

In  testing  most  materials,  the 
stress-strain  diagram  is  recognized 
as  the  fundamental  characteristic 
and  helps  to  find  modulus  of  elas- 
ticity, hysteresis,  elastic  deforma- 
tion, proportional  limit,  yield 
strength,  and  proof  stress.  Essen- 
tially the  Olsen  high  magnification 
recording  unit  is  a specially  de- 
signed extensometer  which  trans- 
mits the  characteristics  of  the 
material  under  test  by  electronic 
means  to  a letter-size  chart  applied 
to  the  recorder  drum. 

Degree  of  Strain 

The  strain  of  most  rigid 
materials  in  the  elastic  straight- 
line  region  is  very  little.  In  a piece 
of  plain  carbon,  cold  C.  R.  steel  it 
may  be  0.001-0.002  in./per  inch 
length  of  material,  corresponding 
to  a load  at  30,000-60,000  lb/per 


By  Jens  Sivertsen 

Electrical  Engineer 
Tlniue  Oleen  Tetting  Machine  Co 
Philadelphia,  Pa. 


square  inch;  for  cast  iron  it  ma; 
be  as  little  as  0.00025-0.0005  is- 
and  for  high  grade  heat-treat® 
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Choose  the  Right  Fastenings- 

PLAN  THEM  EARLY 

In  the  Product  Design  Stage 


" Cold-forging " — proof  # 33 
. . . more  each  month 


The  degree  of  perfection  you  will  obtain  on  that  vital  fast 
assembly  job  may  very  well  depend  on  the  fastenings 
chosen  for  your  product.  That's  why  it  is  important  to 
play  safe  by  making  your  precise  choice  early  in  the 
design  stage.  Remember  — no  assembled  product  can  be 
better  than  its  fastenings. 

Whether  your  need  be  a featured  standard  fastening  or 
a part  especially  designed  to  meet  your  specific  require- 
ments—Scovill  can  help  you.  Our  broad  experience  in 
fastenings  and  our  demonstrated  ability  in  special  design 
make  Scovill  your  logical  choice. 

The  special  purpose  item  featured  above  (in  interme- 
diate and  finished  stages)  is  one  of  many  examples  of  our 
ingenuity  in  special  design  and  cold-forging.  Our  special 
processing  of  this  part,  too,  meant  substantial  savings  in 
money — materials  — motions. 

Call  our  Fastenings  Expert  to  help  you  choose  — profit 
by  Scovill  skill  in  design  and  cold-forging.  Call  today. 


3 Standard  Fastenings 
for  Production  Efficiency 


1 Phillips  Recessed  Head 
Screws — The  modern,  ef- 
fective, time-saving  fastening 
device  proven  in  tens  of  thou- 
sands of  assembly  lines.  Other 
standard  head  styles  are  also 
available. 


2 Self-Tapping  Machine 
Screws  — Eliminate  sep- 
arate tapping  operations  for 
fastenings  to  castings,  heavy 
gauge  sheet  metal,  and  plas- 
tics. Also  available  with 
Phillips  Recessed  Head. 


3 Washer-Screw  Assem 
blies — When  use  of  loci 
washers  is  indicated,  the  time 
saving  of  pre- assemblies  i 
obvious.  Also  available  ii 
standard  slotted  head  styles 


Scovill  Manufacturing  Company 
WATERVILLE  prSodJ"ts  division 

WATERVILLE  48,  CONN.  TEL.  Waterbury  3-3151 


l>ITTSBIttEuh7«ler  B"M"S  • DETROIT.  714  Fisher  Building  . CHICAGO.  135  South  LaSalle  Street  . PHILADELPHIA,  18  W.  Chelten  Avenue  Building 

— W.U.7H2U,  Lltertv  SYRACUSE.  Svrarase  - Kemper  Insaraeco  Bldg. . LOS  ANGELES.  2627  S.  Sete  St  . SAN  FRANCISCO.  434  Brannan  St 
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tool  steel,  it  may  be  as  much  as 
.005  in. 

Instruments  to  measure  and 
record  these  small  dimensional 
changes  were  made  50  years  ago. 
They  used  long  specimens  which 
were  cumbersome  to  use  and  the 
operator  had  to  be  an  expert.  How- 
ever, it  is  remarkable  how  good  the 
results  were  with  such  equipment. 

The  recorder  was  ready  and  a 
few  were  in  use  before  the  war,  by 
people  who  were  not  afraid  of  the 
radio  tube  in  industry.  Some 
organizations  like  Chrysler,  Ford 
and  the  U.S.S.R.  had  quite  a few 
of  them.  When  the  war  came,  the 
requirement  for  accuracy  and 
volume  of  testing  increased  rapidly, 
and  the  work  had  to  be  done  by 
operators  with  no  previous  train- 
ing in  this  field.  Since  the  re- 
corder was  simple  to  operate,  any- 
body with  normal  intelligence 
could  learn  its  use  in  a few  hours. 

Modern  Design 

The  complete  instrument  com- 
prises three  units:  the  extensom- 

eter  which  is  attached  to  the  speci- 
men, the  electronic  amplifier,  and 
the  recorder  unit.  In  the  extensom- 
eter  is  a magnet  coil  with  an  air 
gap  between  two  iron  cores.  In  the 
recorder  unit  is  a similar  coil  and 
air  gap.  These  two  coils  and  their 
air  gaps  form  an  automatically 
balanced  electrical  circuit.  The  air 
gap  in  the  extensometer  is  actu- 
ated by  the  elongation  of  the  speci- 
men. The  air  gap  in  the  recording 
instrument  is  actuated  by  a 
micrometer  screw  which  is  rotated 
by  the  same  motor  which  drives 
the  recorder  drum. 

The  electronic  circuit  is  shown 
in  Fig.  1.  It  consists  of  an  a-c 
Wheatstone  bridge,  having  a per- 
manent base  of  two  closely  matched 
resistors.  The  other  arms  consist 
of  one  induction  coil  with  a mag- 
netic core  and  an  air  gap  actuated 
by  the  strain  in  the  test  piece,  and 
one  identical  inductor  arranged  in 
the  recorder  box  actuated  by  a 
micrometer  screw.  The  screw  is 
synchronized  by  gears  with  the  re- 
cording drum.  The  reversible 
motor  drives  the  arrangement  as 
a self-balancing  assembly. 

The  output  from  the  bridge  ener- 
gizes the  primary  of  an  input 
transformer.  The  secondary  feeds 


the  grid  of  a 6SJ7  pentode  and  the 
rest  is  a straightforward  amplifier 
up  to  the  two  6N7  output  tubes. 
The  plates  of  these  tubes  act  in  re- 
spect to  the  shading  coils  of  the 
motors  as  variable  impedances 
which  for  large  signals  may  become 
negative.  In  this  way,  the  motor 
becomes  automatically  reversible 
with  change  in  phase  of  the  incom- 
ing signal.  The  motor  speed  be- 
comes variable  over  a large  range 
and  causes  the  recording  drum  to 


pair  the  sensitivity  of  the  recorder. 
For  this  reason,  the  resistance  bal- 
ance can  be  adjusted  by  the  small 
potentiometer  R,  shown  on  top  in 
the  bridge  circuit,  while  observing 
the  6E5  balance  indicator. 

The  6E5  tube  will  also  indicate 
whether  the  motor  keeps  the  bridge 
circuit  balanced  at  all  times,  which 
means  that  the  recorder  follows 
the  elongation  of  the  specimen 
minutely.  Some  small  change  in 
resistance  may  take  place  during 


Typical  stress-strain  diagram  (not  retouched)  n 
machine.  Such  recordings  can  be  used  to  ioliow 
treatment,  and  other  operations,  to  provide  a proi 
size  and  dimensions 

follow  smoothly  any  strain  of  the 
specimen. 

In  spite  of  the  very  high  sensi-  s 

tivity  obtained,  0.000001  to  1 

0.000005  in.  elongation  of  the  |£ 

specimen,  the  amount  of  hunting  is 
negligible.  Some  of  the  models  are 
supplied  with  dynamic  brake 
(aluminum  disk  in  a magnetic 
field)  while  many  are  without  this 
brake. 

Balance 

In  view  of  the  high  sensitivity 
and  the  low  signal,  a 6E5  tube  is 
used  for  balance  adjustment.  The 
arrangement  is  such  that  only  in- 
ductance unbalance  can  affect  the  IPs 
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motor,  as  voltage  caused  by  resist- 


ance unbalance  is  90  deg.  out  of 
phase.  A large  resistance  un- 
balance will,  however  im-  * — Mechanical  features  of  the  re- 

cording  unit 
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Cost  of  finished  pieces 
was  reduced  40%  by  this 
RCA  preheating  unit  at 
Kellogg  Switchboard  and 
Supply  Company. 


Telephone  “cradle”  molded 
by  Kellogg ; with  cold 
molding , 4 press  cycles  per 
hour  -with  electronic  pre- 
heating, 6Vi  cycles.  I 


Kellogg  Switchboard  Reduces 
Cost  40%  wHtl  Electronic  Heat 


i 


I 


Output  Increased  56%;  Molding  Pressure  Lowered;  Warpage 
and  Blistering  Reduced  with  New  RCA  Automatic  Plastics  Preheater 


s,-.,."™  KelI°gg  Switchboard  a 
Chicag0-  compressio 
q!!antity  of  telephone  par 
four  crat^e”  shown  above. 

2 mm  18  each  cavity tak 

toSi  BW1fighlng  115  ounces  ea< 
BM  2m  M01<u 

Mare  Sint PKu?UCtlon  on  this  part,  t 
°8S  Switchboard  and  Supply  compa 


Installed  RCA  electronic  preheating  equip- 
ment. The  complete  charge  of  8 preforms 
per  mold  Is  now  preheated  for  35  seconds 
to  a uniform  temperature  of  220  °F. 

According  to  Mr.  W.  G.  Cregeen,  Assistant 
Shop  Superintendent  of  the  Kellogg  Plant, 
electronic  heating  reduced  the  cost  of  fin- 
ished pieces  by  40%,  and  warpage  and 
blistering,  which  were  previously  problems, 
are  no  longer  troublesome. 


Press  Closing  Time 

Co  Id 
Molding 
1 min. 

Electronic 
Molding 
1 min. 

Curing  Time  in  Mold 

5 min. 

2Va  min. 

Press  Cycles  per  Hour 

4 

6V4 

Molding  Pressure 

125  psi 

75  psi 

Mold  Damage 
Mold  Life 

Dimensional  Tolerances 
and  Stability 

Lon 

Increased 

KCA  Equipment  Is  AvalsMel  RCA’snew com- 
pact 2000-watt  electronic  preheating  unit 
for  the  plastics  Industry  is  available  for 
quick  delivery.  Easy  to  install,  completely 
automatic,  it  will  heat  a pound  of  average 
molding  material  to  275°F  In  40  seconds, 
providing  uniform  plasticity  throughout. 
The  coupon  below,  or  a letter,  will  bring 
you  complete  details.  RCA  application  en- 
gineers are  at  your  service.  Address:  Radio 
Corporation  of  America,  Electronic  Appa- 
ratus Section,  Box  70-1SSH,  Camden,  N.  J. 
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BUY 

WAR 

BONDS 


RADIO  CORPORATION 
OF  AMERICA 


C:  ^IONICS-. 


July  IMS 


SEND  THIS  TODAY  FOR  QUICK  REPLY 


I 

RCA,  Electronic  Apparatus  Section,  Box  70-1 95H,  Camden,  N.J. 

Please  rush  me  free  data  on  the  completely  automatic  RCA 
electronic  preheater,  Model  2B,  which  is  available  for  quick 
delivery.  Also  send  "Data  Form  P.” 


Name 

Company 

Position 

Address 

City  
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the  first  hour  of  a day’s  work,  as 
the  coils  do  not  heat  completely 
uniformly. 

Figure  2 shows  the  mechanical 
parts  of  the  recorder.  The  rack 
carrying  the  pen  parallel  to  the 
axis  of  the  recording  drum  has 
been  removed.  This  pen  provides 
the  load  ordinate  for  the  chart  and 
many  types  of  testing  machines 
give  this  automatically  as  an  in- 
tegral part  of  the  weighing  system 
of  the  machine. 

A typical  recording  made  with 
a 30,000-lb  testing  machine  is 
shown.  The  specimen  is  a round 
steel  bar  0.505  in.  in  diameter, 
which  has  a cross-section  of  1/5 
square  inch.  The  testing  machine 
gives  load  values  in  pounds;  mate- 
rial constants  are  generally  given 
in  i ounds  per  square  inch.  To  get 


Fig.  3 — On©  type  of  extensometer  for  the 
elongation  tester 


these,  we  divide  by  1/5  or  multiply 
by  5.  For  example,  the  propor- 
tional limit  is  at  point  A on  the 
curve.  The  corresponding  load 
reading  from  the  chart  is  12,000 
lb.  The  proportional  limit  is, 
therefore,  12,000  x 5 = 60,000  lb 
per  square  inch. 

If  we  measure  along  the  elonga- 
tion axis  on  the  original  graph, 


we  find  the  extension  between 
origin  and  A equal  to  2 in.  Since 
the  magnification  is  1000  this  rep- 
resents 0.002  in.  strain. 

The  modulus  of  elasticity  is 
therefore : 

g _ 60,000  lb  per  sq.  in. 

0.002  in.  per  inch 
= 30  X 10“  lb  per  sq.  in. 

The  right  side  of  the  chart  shows 
the  same  curve  with  magnification 
of  500,  which  is  used  extensively 
in  routine  production  testing,  allow- 
ing a number  of  curves  on  the  same 
chart.  In  view  of  the  ease  whereby 
the  curve  is  obtained,  the  time  may 
not  be  far  off  that  all  quality  mate- 
rials will  be  bought  on  the  basis 
of  a curve.  Thus,  a structural  de- 
signer may  now  be  able  to  use  a 
safety  factor  of  10,  20,  or  30  per- 
cent instead  of  500  percent. 


Pipe  Gaskets  Tested  for  Pressure 


Electronics  has  come  to  the  aid 
of  engineers  coping  with  one  of  the 
problems  of  pipeline  equipment  de- 
sign— the  uneven  distribution  of 
gasket  pressure.  Such  a condition 
often  leads  to  costly  leaks.  A new 
tester  utilizes  an  audio  howl  as  an 
aid  to  measuring  pressures  exerted 
by  rubber  gaskets  in  pipe  coup- 
lings, clamps  and  repair  sleeves. 
Called  a Sealometer,  it  was  devel- 
oped by  engineers  of  the  Dresser 
Manufacturing  Division  of  Dresser 
Industries,  Inc. 

In  many  types  of  pipe,  a thick 
rubber  gasket,  compressed  by  bolt- 
ing down  iron  clamps,  is  used  to 


make  a seal  around  the  pipe.  The 
unit  pressure  of  this  rubber  gasket 
must  exceed  the  pressure  of  the 
gas  or  liquid  inside  the  line  in  or- 
der to  prevent  leakage.  If  there  is 


any  variation  of  the  gasket  pres- 
sure, the  minimum  pressure  is  the 
one  which  determines  the  safeness 
of  the  joint.  It  is  very  important  to 
determine  accurately  the  distribu- 


Gage  stem  - 


Fig.  1 — Assembly  details  of  the  gage  ap- 
plied to  a pipe  gasket  and  the  electronic 
circuit  oi  the  Instrument  for  measuring 
gasket  pressure  in  pipelines.  When  pres- 
sure Is  applied  manually  to  the  gage  head, 
the  plunger  moves  the  pin  away  ir°m 
contact  with  the  shoulder  oi  the  threaded 
bushing 


Complete  setup  ol  gage  and  audio  oscUlator-ampliiier  arranged  to  determine  the 
variation  oi  gasket  pressure  that  occurs  at  different  points  oi  a pipeline  loint 


tion  of  the  pressure  which  the  gas- 
kets exert  in  order  to  properly  de- 
sign a successful  joint. 

Most  gasket  tests  have  been 
based  on  the  assumption  that  the 
pressure  was  uniformly  distributed 
and  that  the  unit  pressure  was 
equal  to  the  total  load  divided  by 
the  area  of  the  gasket.  The  prob- 
lem of  measuring  the  pressure 
which  is  exerted  by  an  elastic  solid 
such  as  rubber  is  much  more  com- 
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IBRASHOCK 


PROTECTS  NAVYS  NEWEST  TRANSMITTER 


The  Collins  Autotune  Transmitter  — one  of  the  newest 
and  most  versatile  units  of  Naval  radio  equipment  — is 
installed  on  most  two-place  and  larger  types  of  Naval 
aircraft. 

The  Robinson  Vibrashock  suspension  is  specified  and 
installed  to  carry  this  transmitter  and  to  protect  it  against 
the  rugged  conditions  of  combat  and  aircraft  carrier 
service. 

Robinson  engineers  build  the  only  complete  fully  en- 
gineered suspension  guaranteed  to  absorb  over  90%  of 
multi-directional  vibration  throughout  the  entire  air- 
craft operating  range.  This  is  an  efficiency  rating  far  be- 
yond accepted  shock  mount  standards,  and  makes  possible 
performance  and  reliability  previously  unobtainable  for 
radio  and  electronic  equipment. 

Our  services  are  available  to  aircraft,  radio  and  elec- 
tronic manufacturers  and  users  in  connection  with  any 
mechanical  orelectronic  unit  requiring  protection  against 
vibration  and  shock.  ROBINSON  AVIATION.  INC., 
730  Fifth  Avenue,  New  York  19,  N.  Y.,  3757  Wilshire 
Blvd.,  Los  Angeles  3,  Calif. 
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T est  Procedure 

For  testing,  each  pressure 
accurately  fitted  in  car 
reamed  holes  at  desired  poin 
the  test  specimen  and  adjust! 
means  of  a special  screw  so  tha 
end  is  flush  with  the  surface 
tacting  the  gasket.  A spec 
thus  prepared  has  packing  sur 
substantially  the  same  as  tho 
a joint  in  actual  use,  and  th 
havior  of  the  gasket  is  not  al 
in  any  way.  After  the  rubber 
in  the  test  specimen  is  compre 
the  pressure  acting  upon  each 
is  measured  by  applying  an  o 
ing  force  until  a balance  is  obta 
and  the  few  millionths  of  an 
displacement  of  the  pin  occurs, 
breaks  the  electronic  circuit, 
ting  up  an  audio  howl.  Figu 
shows  the  wiring  circuit. 

Three  important  factors 
enced  the  design  of  the  wiring 
cuit  for  the  Sealometer.  Freqi 
opening  and  closing  of  the  cir 
in  measuring  the  pressures  \v< 
foul  the  contacts  unless  a very  si 
current  were  used.  Also,  the  li 
tation  of  movement  on  the  press 
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plex  than  the  measurement 
pressure.  In  the  latter  t 
placement  of  fluid  necessan 
tuate  a gage  does  not  usu; 
feet  the  applied  pressure.  Ij 
uring  rubber  pressure,  any 
ciable  displacement  of  the 
will  cause  a considerable  chi 
the  pressure  being  measure! 
introduces  an  error  of  ur 
proportions. 

Two  methods  existed  for 
mining  force  or  pressure  wil 
minute  displacement.  One 
quartz  crystal  and  the  other 
sensitive  carbon  pile.  Both  i 
large  instruments  and  re 
could  not  be  taken  close  enoi; 
gether  to  plot  satisfactory  pr 
distribution  curves  for  the  { 
Also,  frequent  calibration  is 
sary. 

The  principle  of  operation 
Sealometer  involves  measurir 
force  exerted  by  the  gasket 
the  end  of  a “pressure  pin”  l 
an  area  of  exactly  1/100  of  a 
Movement  of  the  pin  is  lim 
a few  millionths  of  an  inch 
reducing  the  displacement  en 
a negligible  value. 
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Why  give  a few  cents  worth  of  electrical  in- 
sulation a chance  to  be  the  weak  link  in  your 
product?  Use  BH  Extra  Flexible  Fiberglas 
Sleeving — the  one  insulation  with  all  these 
advantages: 

It  is  permanently  non-fraying,  non-stiffening 
and  non-burning,  by  virtue  of  the  exclusive  BH 
process.  It  will  not  dry  out,  crack  or  rot,  retain- 
ing its  original  unusual  resistance  to  high  and 
low  temperatures,  moisture,  oil,  grease  and 
chemicals  indefinitely . 

If  you  want  an  all-purpose  sleeving  that  sim- 
plifies assembly  and  maintenance  and  gives 
longer  maximum  protection,  standardize  on  BH 
Extra  Flexible  Fiberglas  Sleeving.  Available  in 
all  standard  colors  and  sizes  from  %"  to  No.  20, 
inclusive.  Write  for  free  samples  today  and  com- 
pare by  actual  test ! 

HOW  TO  KEEP  CUSTOMERS  COOL  AT  1200°F! 

Direct  contact  with  heat  up  to  1200°F  does  not 
harm  BH  Special  Treated  Fiberglas  Sleeving,  the 
non-burning,  unsaturated,  flexible-as-string  sleev- 
ing that  stays  supple  and  won’t  fray  when  cut. 
Made  in  natural  color  only — all  standard  sizes. 
Get  this  extra  protection  now  and  keep  custom- 
ers’ temper  cool,  too! 

ALL  BH  PRODUCTS  AVAILABLE  IN  STANDARD 
36"  LENGTHS  and  500-FT.  COILS 
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WRITE  FOR  YOUR 
COPY  TODAY! 
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r/i/s  ilfew  Bulletin 
tells  you  what  you 
want  to  know  about 

ACCURATE  FIXED 
WIRE  WOUND 

resistors 

DIMENSIONAL  SPECIFICATIONS  • MOUNT- 
ING AND  TERMINAL  DESIGNS  • POWER 
DISSIPATION  • TEMPERATURE  COEFFI 
CIENT  OF  RESISTANCE  . MAXIMUM 
RESISTANCE  CHARTS  • RESISTANCE 
ALLOYS  • MOISTURE  AND  FUNGUS 
PROOFING  • HERMETIC  SEALING 

Shallcross  Types  Designed  to 
Meet  JAN-R  93  Specifications 


DEPT 


COLLINGDALE, 


PA 


resigning  . manufacturing 


Akra-Ohm 

Resistors 

Accurate  Fixed 
Wire  Wound 
Types 


Pin  in  order  to  avoid  errori 
distortion  of  the  rubber 
made  it  necessary  to  have  a c 
thatcould  not  jump  a gap  of 
millionths  of  an  inch.  The 
lem  of  insulating  the  press u 
so  the  current  would  flow  pr 
also  was  involved. 

One  test  lead  of  the  unit  co 
to  the  stem  of  the  indicator 
The  other  test  lead  is  attacl 
the  specimen  being  tested, 
the  current  travels  throng 
shoulder  of  the  adjusting  scr 
way  of  the  pressure  pin  t 
plunger  of  the  gage  stem. 

Special  Insulation 

The  circuit  is  broken  when 
sure  on  the  plunger  moves  th 
away  from  contact  with 
shoulder  of  the  adjusting  s 
Difficulty  was  had  with  insu] 
of  the  pin  on  all  surfaces  whi 
j comes  in  contact  with  the  re 
hole.  A coating  of  iron  phos] 
finally  was  selected  to  be  th 
sulating  layer.  While  not  a s 
ior  insulation,  it  is  sufficient  t 
terrupt  the  slight  current  ol 
circuit.  This  material  over 
the  tendency  to  cause  the  pi 
stick  that  other  types  of  insul: 
exhibited. 

| The  opposing  force  applies 
1 the  pressure  pins  is  exerted  i 
ually.  The  stem  of  a dial  indie 
gage  is  fitted  with  a special  ne 
like  plunger  which  can  be  inse 
through  the  hollow  adjusting  s< 
to  engage  the  pin.  Mounted 
the  stem  is  a handle  housing  ar 
curately  calibrated  engine  i 
cator  spring  that  requires 
pound  of  pressure  for  each  ( 
inch  deflection.  Pressure  on 
handle  is  transmitted  to  the 
through  the  plunger,  the  press 
being  measured  by  the  spring 
recorded  on  the  dial  indicator.  1 
area  of  the  pin  is  0.01  inch 
each  pound  of  pressure  app 
manually  represents  100  psi. 

Advantages 

Since  the  audio  signal  soui 
when  the  balanced  pressure  cor 
tion  is  reached,  the  operator  i 
take  readings  without  lifting 
eyes  from  the  gage.  This  mal 
possible  the  reading  and  recordi 
of  pressures  at  the  rate  of  ab< 
150  per  hour.  Accuracy  has  be 
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. . Sekyn  Torque  Unit  was  one  of  the 

®“g“«t  jobs  ever  handed  to  a manufacturer.  Frankly, 
" Pr?udof  **  way  we  tackled  the  exceedingly  diffi- 
? uct‘on  and  inspection  schedule  for  manufactur- 
ed l?mplete  ““it * in  quantity  for  vital  war  needs, 
sists  nf  vn  ***“  from  ^ “taway  view,  the  unit  con- 
a mm.1  SeParate  parts  and  is  composed  primarily  of 
tvues  Lj  ^*#r  Uaia,  incIuding  gears  of  many  different 
slow  ma  SUf’LS°me  °*  whicb  31-6  Past  moving,  some 
as  the  ny  °|  , m subiect  to  constant  instant  reversal 

unit  m“;Phot°g«ph  can  not  show  is  that  the  entire 

an  enaneer^!6  W',th  NO  BACKXASH  whatever.  Only 
dl  realize  what  that  meant  in  precision 


production  and  assembly.  Ordinarily  obtainable  "pre- 
cision” gears  were  unsuitable.  We  had  to  set  our  own 
special  standards,  our  own  finishing  and  inspection 
methods.  Aided  by  the  precision  production  facilities 
already  available  in  our  shop,  we  were  quickly  and  effi- 
ciently able  to  develop  a production  schedule  that  has 
never  faltered  on  this  vital  war  job.  We  suggest  that 
a careful  study  of  this  and  other  outstanding  Atlas 
accomplishments  may  well  point  the  way  to  a solution 
of  your  own  toughest  problems  in  . . . product  design 
. . . PRODUCTION  ENGINEERING . . .PRECISION  MANUFACTURE. 

ATLAS  METAL  STAMPING  COMPANY 
ATLAS  TOOL  A DESIGNING  COMPANY 
PHILADELPHIA  34,  PENNSYLVANIA 


ELECTROn,«-^ 


«t  load  o££  your  aAouldero 

. . onto  ourd 
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(continued) 


ENGINEERS!  DRAFTSMEN!  ACCOUNTANTS!  STUDENTS! 


ORDER  TODAY? 


Note  these  8 New  Features! 

In  addition  to  having  ALL  the 
values  of  the  ordinary  slide-rule, 
the  new  Multi-Slide  Rule  has: 


ONE  rule 


'v0bm"'OD 

on'Y  ''“m 
yonioi  Jobber 


CASE*  I 


Clear,  legible  print . . . Tough,  durable 
for  long  wear  . . . Size  10"  x 4". . . Fits 
3-ring  binder ...  In  case . . . Full  instructions 
...TRANSPARENT  PLASTIC  INDICATOR... 

STANCOR  now  offers  the  entire  elec- 
tronic industry  the  new  Multi-Slide  Rule. 
First  developed  for  our  own  use,  it  is 
today  made  available  to  all . . . Greatly 
simplifies  calculation  of  unlimited  range 
of  problems ...  A genuine  professional 
rule— not  a toy.  This  rule  is  obtainable 
ONLY  THROUGH  STANCOR  JOBBERS.  PLEASE 
DO  NOT  ORDER  DIRECT.  See  your  local 
directory  for  the  name  of  the  Stancor 
jobber  in  your  city  or,  write  for  his  name. 
Price  of  Stancor  Multi -Slide  Rule:  One 
Dollar! — America's  biggest  slide-rule  bar- 
gain—a service  to  the  trade  by  Stancor. 

STANDAII  TRANSFORMER  CORPORATION 

1 500  N.  HALSTED  ST.  CHICAGO  22,  ILL. 


ORDER  FROM  YOUR  JOBBER 


1 Four-plo,.  LOGARITHM  TABU 

2 SIGNS  and  LIMITS  of  VALUE  af- 
turned  by  trigonometric  function! 

3 Table  of  NATURAL  TRIGONO- 
METRIC FUNCTIONS 

4 Table  of  TRIGONOMETRIC  FOR- 
MULAE 

5 Table  of  SLIDE-RULE  SETTINGS 

6 Table  of  GENERAL  EQUATIONS 

7 Long  list  of  common  MATHEMAT- 
ICAL FORMULAE 

8 DECIMAL  equivalents  of  o fraction 


OFFERED  AS  A SERVICE 
TO  THE  TRADE  RY 
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checked  at  better  than  98  percent 
correct  by  independent  methods. 
Since  the  actual  diameter  of  the 
pins  is  only  0.1128  inches,  they  can 
be  spaced  as  closely  as  1-inch  apart 
on  the  test  specimen.  Another  ad- 
vantage of  the  gage  is  that  it  per- 
mits pressure  readings  to  be  taken 
during  assembly  of  a pipe  joint  as 
well  as  at  any  time  thereafter*.  It 
is  also  possible  to  take  readings 
while  the  joint  is  under  line  pres- 
sure. The  gage  is  not  affected  by 
such  factors  as  condition  of  the 
pipe  or  bloom  on  the  gaskets,  which 
seriously  distort  the  results  ob- 
tained by  internal  pressure  tests. 

In  tests  on  one  type  of  pipe  joint, 
in  spite  of  the  fact  that  all  bolts 
were  tightened  to  exactly  the  same 
tension  with  a torque  wrench,  pres- 
sures ranging  from  200  to  1000 
pounds  were  recorded  at  various 
points  around  the  gasket.  On  an-  s 
other,  clamp  pressures  were  found  - 
just  above  zero  and  dangerously 
close  to  the  point  at  which  leaks 
would  occur.  By  using  data  com- 
piled with  the  instrument,  the  pipe 
couplings  were  redesigned  to 
equalize  pressure  throughout  the 
gasket  at  a level  well  above  mini- 
mum safety  requirements. 

... 

! Simplified  Training  for 
Assembly-Line  Workers 

By  S.  Frederick  Auerbach 

Engineer,  Emerson  Radio 
Television  Carp. 

Isometrics  is  the  pictorial  delinea- 
tion of  mechanical  parts.  More  re- 
cently isometrics  has  been  accepted 
and  extensively  used  in  the  radio 
and  aircraft  industries  for  its  clar- 
ity when  used  to  show  assembly  of 
parts  in  exploded  views. 

During  the  war,  many  plants 
found  that  the  personnel  available 
for  the  assembly  line  was  difficult 
and  unsuited  to  train  in  blueprint 
reading.  This  condition  necessi-  ' 
tated  an  increased  staff  of  key  men 
and  women  to  interpret  and  super- 
vise the  work.  This  type  of  assem- 
bly-line tutoring  required  many 
hours  of  training  for  supervisors 
and  then,  in  turn,  especially  for 
workers  who  had  to  master  the  sim- 
ple operations  and  commit  them  to 
memory.  This  was  true  even  though 
the  assemblies  were  broken  down 

July  !9«  — ELECTRONICS 
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The  Leader  is  Still tAeZeader 


The  first  radio  coils  were  wound  by  hand  . . . 
a laborious,  time-consuming  process.  Then, 
in  1921,  Sickles  developed  a manually  cranked 
machine  that  did  a much  faster,  much  better 
winding  job  . . . slashing  production  time  and 
costs  and  turning  out  the  most  efficient  coil 
of  its  day. 

Today,  the  Sickles  R.  F.  Coil  reflects  twenty- 
four  years  of  steady  progress  in  electronics 
design  and  manufacture.  Wound  on  a com- 
plex machine,  the  1945  model  is  hermetically 
sealed  against  water,  corrosive  chemicals  and 
Bases  permanently.  The  deep-drawn  zinc 
housing  has  wide-soldered  joints  and  fused 
metal-to-glass  bushings;  all  adjustments  are 
enclosed  and  sealed  with  neoprene  gaskets. 

An  enormous  improvement  over  its  ancestor 
°f  the  early  20’s,  but  still  upholding  the  family 
tradition.  . . . Still  the  Leader! 

To  Sickles’  peacetime  pioneering  in  the 
electronics  field  has  been  added  a wealth  of 
war  inspired  advancement  — new  techniques 
*****  can  benefit  your  production.  May  we 
****  ^ou  Itow?  ■ . . Send  us  your  require- 

ents  for  prompt,  helpful  discussion. 


THE  f.  w.  sickles  company 


CHICOPEE,  MASS. 


> 0 »»59M  f 

ElECTR0NICS_j„,y  ,„5 


YOUR  SICKLES’  REPRESENTATIVE 


L.  P.  MACK 

1603  S.  Michigan  Ave.,  Chicago  16,  III. 
GERALD  B.  MILLER 
8308  Santa  Monica  Blvd.,  Los  Angeles,  Cal. 


NORMAN  H.  LAWTON 
1775  Broadway,  New  York  19,  N.  Y. 


AD.  AURIEMA  (Export) 
89  Broad  Street,  New  York  4,  N.  Y.. 
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DEPENDABLE 


performance 
and  durability  of  a Test  Instrument  is 
assured  by  its  design  and  sturdiness  of 
construction.  All  B.  R.  C.  instruments 
are  ruggedly  built  to  give  exacting  and 
precise  direct  reading  measurements 
with  simplicity  of  operation. 


a 

8 


Rugged  construction 
of  the  170-A  O Ca- 
pacitor designed  to 
maintain  the  high  ac- 
curacy of  the  indi- 
vidually calibrated 
dial. 


MET  Eli  TYPE  170-A  _ 

This  instrument  embodies  the  general  operating  principles 
and  characteristics  of  the  160-A  Q-Meter  but  with  such  de- 
sign and  structural  modifications  as  are  required  for  accu- 
rate performance  at  higher  frequencies.  Has  a frenuenev 
range  of  30  me  to  200  me. 

Q METER  TYPE  160-A — A standard  for  "Q"  Ineasure 
ments  with  a reputation  for  accurate  and  dependable  service 
Has  a frequency  range  of  50  kc  to  73  me  which  may  be  ex- 
tended with'external  oscillator  down  to  1 kc. 


B00NT0I 


BOONTO  N,  N.  J. 


DESIGNERS  AND  MANUFACTURERS  OF  THE  "Q"  METER  . 
GENERATOR  BEAT  FREQUENCY  GENERATOR 


RADIO 


f«EQUENCY  MODULATED  SIGNAL 

*ND  °'«C  .E.O.NG  US,  ,NS„U«N,S 
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ISOMETRICS  (continued) 

into  many  smaller  components  ana 
cycles  than  the  job  ordinarily  war- 
ranted. It  also  required  many  more 
checkers  and  inspectors. 

Advantages 

It  was  soon  discovered  that  iso 
metrics  could  play  an  important  I 
part  toward  solving  this  problem.  I 
With  such  a drawing,  all  workers  [ 
could  easily  recognize  the  parts  re- 
quired in  the  assembly  when  the 
subassemblies  were  properly  pre- 
pared and  broken  down  into  cycles 
of  fair  size.  It  was  simple  to  read 
with  no  explanation  required  or 
training  necessary  for  the  worker. 
And,  more  important  than  that,  as- 


FIG.  1 — An  orthographic  view  of  a 
socket  and  mounting  requires  three 
drawings  to  show  the  correct  order  of 
assembly 

FIG.  2 — Isometric  view  ol  the  socket 
assembly  shown  in  Fig.  1.  Visualisa- 
tion ol  the  order  of  operations  is  sim- 
plified for  the  assembly-line  worker 


sembly  was  mastered  more  quickly 
by  the  individual  worker  so  that  a 
minimum  amount  of  time  was  re- 
quired for  the  breaking-in  period. 
This  has  resulted  in  maximum  pro- 
duction per  worker.  It  has  also 
eliminated  a number  of  supervisors 
and,  in  the  event  a supervisor  was 
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THESE  SALES 
REPRESENTATIVES  ARE 
READY  TO  SERVE  YOU! 


GERBER  SALES  CO. 

94  Portland  St.,— Ph.  Lafayette  3484 
Boston  14,  Mass. 

CONN.,  MAINE,  MASS.,  NEW  HAMP,  RH.ISL.  VT. 

• 

S.  W.  SIMBERKOFF 

347  Fifth  Ave., — Ph.  Murray  HU  5-7090 
Now  York  16,  N.  Y. 

N.  Y.,  N.  J.,  PENN.,  DEL.  MD.,  D.  C,  VA,  W.  VA 

• 

CHAS.  H.  DOirUSS,  JR. 

Film  Exchang.  Building,— Ph.  PrnpMt  0719 
Cl.v.land  14,  Ohio 

OHIO,  LOUISVIUE  AND  IEXINGTON.  KENTUCKY 

• 

FRED  J.  STEVENS 

15126  East  Warren,— Ph.  Tux* do  11220 
Detroit  24,  Michigan 
WSKQC  ' MICHIGAN,  INDIANA 

• 

AL  KNODELL 

5746  North  Artesian  Ave., — Ph.  Long  beach 9627 
Chicago  45,  RL 

W9TIQ  NORTHERN  IIUNOIS 

• 

CLAIR  R.  MILLER 

Ph.  2-3408 
Cedar  Rapids,  Iowa 

SOUTHERN  ILL,  MO..  KANSAS,  IOWA  NEB., 

9KFA  MINN,  WIS. 

• 

DALE  G.  WEBER 

7026  S. W.  Capitol  Highway, — Ph.  Cherry  2650 
Portland  1,  Oregon 

WASHINGTON,  OREGON,  IDAHO,  MONTANA 

• 

NICKERSON  A RUDAT 

383  Brannan  St., — Ph.  Douglas  8530 
San  Francisco  7,  Calif. 

NORTHERN  CALIF.,  RENO  AND  CARSON  CITY,  NEVADA 

• 

VERN  T.  RUPP 

1150  W.  Olympic  Blvd.,— Ph.  Prospect  951® 
Los  Angeles  15,  Calif. 

WGFMK  SOUTHERN  CALIFORNIA 

• 

G.  G.  WILLISON 

West  Building,— Ph.  M.  2-4553 
Houston  2,  Texas 
TEXAS,  OKLAHOMA  SHREVEPORT,  IA 


fepr  *nf ra*  Electronics  is  proud  to  announce  nation-wide  sales 

of;,S7IO-n  *ts  complete  line  of  electron  power  tubes — nine 
appo.1C  a^e  ‘^strated  above.  These  representatives  have  been 
producT  ecause  °i  wide  acquaintance  in  territory,  knowledge  of 
service1** CUStomers  requirements  and  ability  to  render  excellent 


°edicil— qSCS  electr°nics — induction  heating,  broadcasting  or 
^uti-lon  i-f1*1**  ^lectron*cs  tubes  have  earned  a reputation  for 
pletely  e~l^e  result  of  advanced  design  technique  and  com- 
’Wherever*10  i>r°^uct‘on  Futilities  and  methods, 
the  nervG  ^°U  *re  wl*atever  your  tube  requirements — consult 
your  neare  ^ectron‘cs  Catalog  . . . then  communicate  with 
; St  rePresentative  if  you  need  immediate  help. 

*CT,0HIC*  1945 


FRANK  C.  FASSETT 

1707  Grand  Central  Ave.— Ph.  H-1976 
Tampa,  Florida 
W4BYR  FLORIDA 

• 

CAROLINA  RADIO  EQUIPMENT 

105  East  Martin  St.,— Ph.  Raleigh  4842 
Raleigh,  N.  C. 

WRAl  NORTH  CAROLINA 


General 

ELECTRONICS 

INC. 

SALES:  1(19  BROADWAY, NEW  YORK  11,  N.  Y. 
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ISOMETRICS 


(continued) 


absent,  the  assembly  line  was  not 
affected. 

Illustrated  in  Fig.  1 and  2 is  a 
simple  assembly  in  orthographic 
and  in  isometric  exploded  view.  In 
the  orthographic  view  at  least  two 
or  three  views  are  commonly  re- 
quired to  identify  the  correct  order 
of  assembly,  whereas  in  the  iso- 
metric one  drawing  is  required. 
Also  it  has  been  found  that  there 
is  more  assurance  of  the  parts  be- 
ing correctly  assembled  by  the  neo- 
phyte worker  during  the  first  few 
hours  of  breaking-in  time. 

Isometrics  is  especially  useful  in 
showing  wiring  of  radio  parts  in 
the  chassis  assembly.  Figure  3 
shows  this  wiring  and  when  finally 
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FIG.  3 Chassis  wiring  in  isometric 
view.  Color  can  be  used  to  show  coded 
wires 


printed  the  wiring  is  shown  in  the 
wiring  color  markings.  Another 
consideration  is  the  time  required 
for  the  preparation  of  the  isomet- 
ric drawing,  since  a trained  drafts- 
man can  easily  halve  the  time  re- 
quired to  make  an  orthographic 
projection  drawing. 

Procedure 

A method  much  in  use  is  for  a 
hubsman  or  layout  man  to  make  a 
complete  layout  in  isometric  of  a 


Four  new  larger  sizes  oil 
CREATIVE  100%  PHENO- 
LIC PLASTIC  GROMMETS] 
(up  to  34 " i.  d.)  are  now  avail- 
able for  radio,  electronic  and 
electric  instruments . . . Send  for 
a sample  of  each  of  the  eigM 
standard  stock  sizes,  mountei 
on  a convenient  card. 


CREATIVE’S  CUSTOM  SERVICE 

You  don’t  have  to  build  molds  to  get  Plastic 
Parts  with  Inserts  such  as  knobs,  terminals, 
etc.  Get  the  facts  about  this  unusual  custom 
service  . . . CALL  ON  CREATIVE. 
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Precision  marks  every  step  in  the  manufacture  of  El-Menco  Capacitors,  for 
well  we  know  the  vital  role  our  products  must  play,  and  how  much  depends 
upon  their  unfailing  performance.  That  this  precision  is  appreciated  is  best 
evidenced  by  the  Army-Navy  award  we  so  proudly  display. 


Postwar  products  in  which  El-Menco  Capacitors  will  be  used  will  undoubt- 
edly be  fine  products  — products  of  quality  in  every  detail. 
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£ leCtronic  Equipment; 
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Willimantic,  Conn. 


MERIT  COIL  & TRANSFORMER  CORP 


TELEPHONE 
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FIG.  4 — An  isometric  layout  of  a com- 
plete panel  is  shown  at  (b).  From  this 
master,  the  view  at  (a)  of  the  sub- 
assembly  is  drawn 


important.  One  is  that  this  type 
assembly  guidance  does  not  tie  op 
many  small  units  used  as  models  ia 
the  plant.  A second  is  that,  in  the 
event  of  a change  in  the  part,  the 
isometric  drawing  revision  is  much 
simpler  and  less  costly  to  make 
than  the  model  used  in  the  plant 
The  third  is  that  inspection  depart- 


Our  new  booklet 


MERIT  SALUTES  THE 
SIGNAL  CORPS" 


with  illustrations 
in  four  colors 
is  now  available 


Please  write  for  your  copy, 


FIG.  5 — Cross-ruled  sheets  can  be  use 
as  guides  if  diagonal  lines  are  adde 
for  making  isometric  drawings 


ments  find  it  a great  deal  easiei  , 
use  than  the  conventional  ortho- 
graphic assembly  blueprints.  J 
The  training  time  for  ni  | 
draftsmen  in  this  type  of  work  *s 
anywhere  from  about  three  days  to 
two  weeks.  The  work  can  general  y 
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You’ll  find  WHITAKER 
is  a dependable  source 
~if  your  production  needs  include  CABLE  ASSEMBLIES 


^ specialists  who  are  experts  produce 
&e  cable  assemblies,  wiring  harnesses  or 
bonding  jumpers  required  in  units  you 
manulacture.  Turn  the  job  over  to  Whitaker 
snd  it  will  be  right  from  the  start. 
Throughout  every  stage  of  our 
Production  we  make  exacting  in- 
Spec^0n8'  tests  and  checks.  (IUus- 


Go* 
Wine  Hi 


tration  above  shows  positive  continuity 
check  of  assemblies  being  made  for  an 
electronic  manufacturer). 

In  addition  to  an  engineered  wiring 
service,  Whitaker  also  offers  a qual- 
ity line  of  standard  cable  require- 
ments . . . Write  us  for  complete 


information. 


WHITAKER  CABLE  CORPORATION 

/ General  Offices:  1307  Burlington  Avenue,  Kansas  City  16,  Missouri 

Factories:  Kansas  City,  Mo.  • St.  Joseph,  Mo.  • Philadelphia  • Oakland 
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The  urgent  demand,  in  peacetime  days,  by  the  aircraft 
and  radio  industries  for  a compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip, 
ment  for  the  armed  services. 


Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality-proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least 


BUY  MORE  BONDS! 


DYNAMOTORS  • CONVERTERS 
GENERATORS 

POWER  PLANTS  • GEN-E-MOTORS 


PIONEER  GEN-E-MOTOR 

CORPORATION 

584M9  DICKENS  AVENUE  CHICAGO  39,  IUINOIS 

Export  Office,  25  Warren  Street,  New  York  7,  U S A 
Cable  Address:  Simontrice,  N.  Y 
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be  done  from  blue  prints  of  assem- 
blies or  actual  assembled  parts. 

Since  isometric  drawings  are 
usually  shown  at  30-deg  angles,  a 
simple  chart  as  shown  in  Fig.  6 
can  be  prepared  to  use  under  the 
drawing  sheet.  It  is  prepared  by 
drawing  64  squares  to  the  square 
inch  (such  ruled  sheets  can  be  pur- 
chased), then  diagonal  lines  are 
drawn  in  both  directions  at  30-deg 
angles  at  i-in.  intervals.  However, 
there  is  available  on  the  market  a 
small  size  (8$  x 11)  prepared  iso- 
metric chart. 


Electronic  Equipment 
lor  Commercial  Aircraft 

By  David  William  Moore,  Jr. 

Fairchild  Camera  and  Instrument  (’ur/i. 

Mew  York  dtp 

To  be  A practical  commercial  con- 
veyance, or  a very  useful  private 
one,  an  aircraft  must  be  capable  of 
sustained  operation  through  areas 
of  limited  visibility.  This  limitation 
of  visibility,  to  be  overcome,  pre- 
sents problems  which  are  not  en- 
countered in  any  other  type  of  ve- 
hicle. It  was  for  many  years  an  im- 
possible problem  to  even  determine 
the  actual  height  above  the  ground. 
It  still  is  a nice  problem,  but  one 
which  has  been  solved  at  least  for 
large  commercial  craft  by  the  appli- 
cation of  electronics. 

When  the  weather  is  such  that 
visibility  is  limited  to  a very  few 
feet,  and  no  accurate  altitude  indi- 
cation is  available,  no  true  ground 
speed  and  obviously  no  indication 
of  the  plane’s  exact  location,  flying 
can  be  far  from  enjoyable.  This  is 
just  the  predicament  that  flyers 
found  themselves  in  not  many 
years  ago,  before  the  days  of  radio 
ranges,  automatic  radio  compasses, 
absolute  altimeters,  etc.  It  is,  un- 
fortunately, the  state  of  the  private 
flier  even  today  due  to  the  prohibi- 
tive cost  of  the  available  electronic 
aids,  and  of  even  the  standard  me- 
chanical blind  flying  equipment.  As 
private  flying  becomes  more  pop- 
ular, accurate  radio  direction  find- 
ers will  undoubtedly  approach  a 
cost  not  much  higher  than  good 
automobile  radios.  The  radio  range 
is  available  to  anyone  with  a ritdio 
receiver,  but  radio  altitude  equip- 
ment will  not  be  common  on  private 
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RADIART  VIBRATORS  (STEarKS) 

«ivi 

The  high  quality  of  RADIART  VIBRATORS  is  well  known.  That  high  quality  has  character- 
ized all  Radiart  Products  that  have  been  and  are  being  used  by  the  Armed  Forces  on  all 
fronts.  As  production  tor  civilian  users  expands  it  will  continue  to  increase  the  demand  for 

RADIART  VIBRATORS. 


LIMITED  SUPPLY  UNTIL  V-J  DAY 

While  production  for  civilian  users  may  increase 
gradually,  by  far  the  greater  part  of  our  produc- 
tion will  continue  to  be  required  for  the  U.  S. 
Armed  Forces.  We  must  and  will  meet  all  of 

their  schedules  on  time. 


Radiart  Engineers  are  ready  to  aid  you  in  adapting  or  developing 
RADIART  VIBRATORS  to  meet  your  specific  needs. 


FEWER  VIBRATORS  TYPES 

By  eliminating  many  little  used  types  of  vibrators 
Radiart  has  been  able  to  increase  production  of 
all  popular  types.  NOW  the  dozen  or  so  types 
at  RADIART  VIBRATORS  necessary  for  over 

Ygths  of  all  needs  are  more  readily  obtainable. 


Radiart  Corporation 

WM.  3571  W.  62nd  STREET  • CLEVELAND  2,  OHIO 

EXPORT  DIVISION:  2 5 Warren  Street  • New  York  7,  N.V. 
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HERMETICALLY  SEALED 


HERMETICALLY  SEALED  Advance  Relays 
maintain  their  original  efficiency  under  condi- 
tions that  soon  ruin  or  dangerously  impair  other 
types  of  relays.  Dust,  moisture,  oil  or  fungus  can't 
reach  the  precisely  adjusted  parts.  The  low  atmos- 
pheric pressure  of  high  altitudes  can't  cause  failure 
through  arcing  or  condensation.  That  these  relays  are 
tamper-proof  is  another  advantage.  And  basically, 
like  all  Advance  Relays,  they  have  the  stamina  to  re- 
sist the  severe  shock  and  vibration  of  battle,  as  has 
been  so  abundantly  proved  on  all  war  fronts. 

TYPE  H - 1 6 00 

Double  pole,  single  throw.  (May  be  had  in  single 
pole,  double  throw.)  Full-floating  armature  suspen- 
sion minimizes  friction  between  frame  and  armature. 
Pure  silver  contacts  are  standard,  with  palladium  or 
platinum  alloys  on  special  order.  Wiping  contacts 
insure  clean  contact  surfaces.  All  steel  parts  cadmium 
plated  to  withstand  the  200-hour  Salt  Spray  Test.  All 
brass  and  bronze  parts  nickel  plated.  All  laminated 
phenolic  parts  moisture-and-fungus-proofed.  Coil  is 
wound  with  highest  grade  enamel  wire  and  insulated 
with  100%  cellulose  acetate  with  a final  vacuum 
varnish  impregnation.  Dimensions  are:  height  of 
case  only,  2";  diameter  1-5/8".  Mounting  screws 
and  solder  lug  terminals  project  5/16"  below  case. 

Any  Advance  Relay  can  be  furnished  in  hermeti- 
cally sealed  containers  on  special  order.  When  you 
select  Advance,  you  will  have  relays  exactly  as  you 
want  them.  Our  engineers  are  at  your  service.  Write 
today  for  full  information. 


ADVANCE  ELECTRIC  & RELAY  CO. 

1260-1262  W Second  Street,  los  Angeles  26,  Calif 
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planes  for  quite  a while,  due  to  its  . 
weight  and  cost. 

Use  for  Radar 

Radar  is  furnishing  the  pilot  , 
with  the  first  tangible  link  with 
the  ground  since  the  conception  of 
mechanical  flying.  It  enables  the ' 
pilot  to  definitely  contact  the.J 
ground  and  to  actually  “feel”  it 
through  his  electronic  circuits  to 
determine  its  characteristics,  or 
those  of  any  other  object  which  may 
be  within  range  of  his  beam  of 
concentrated  radio  energy.  This  is 
probably  the  greatest  single  step 
forward  in  aircraft  navigation  un- 
der limited  visibility  yet  to  be 
made.  It  is  at  present  out  of  the 
price  range  of  the  private  flyer, 
and  probably  of  most  of  the  com- 
mercial airlines,  but  it  has  furn- 
ished answers  to  many  seemingly 
unsolvable  problems  presented  to 
our  army  in  connection  with  estab- 
lishing reliable  flight  routes  inde- 
pendent of  weather  conditions. 
This  type  of  navigation  has  been 
a dream  since  shortly  after  the  last 
war,  but  has  become  a reality 
through  greatly  increased  know- 
ledge of  microwave  technique  and 
of  electronic  circuit  characteristics. 

Ice  Indicator 

An  electronic  instrument  has  been 
developed  to  warn  the  pilot  of  the 
formation  of  ice  on  his  wing  sur- 
faces, a very  serious  problem  in 
cold  weather  flying.  There  are  so 
many  different  forms  of  ice,  and 
such  widely  varying  rates  of  ice- 
creation  that  satisfactory  detection 
has  been  and  is  still  difficult.  Elec- 
trical instruments  are  being  devel- 
oped in  competition  with  the  elec- 
tronic type.  The  main  problem  is  to 
determine  the  rate  of  ice  formation 
so  that  a pilot  can,  upon  changing 
his  course,  decide  whether  condi- 
tions have  been  improved  or  not. 

The  formation  of  wing  and  tail 
surface  ice  has  been  practically 
solved  on  large  aircraft,  experi- 
mentally at  least,  by  the  use  of 
heated  wings  which  preclude  the 
possibility  of  any  formation  of  ice. 
The  propeller  and  the  carburetor 
are  not  protected  by  wing  heating 
and  still  offer  possibilities  for  elec- 
tronic detection.  But  the  heated 
wing  will  probably  never  be  prac- 
tical for  smaller  aircraft  where  the 
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addition  of  any  weight  at  all  is 
matter  of  importance.  Here  a sii 
pie,  reliable  and  practical  ice  war 
ing  detector  will  be  of  importan 
and  will  be  undoubtedly  available 
those  who  expect  at  times  to  ! 
caught  out  in  the  weather.  A sir 
pie  unit  of  this  type  should  in  til 
sell  for  less  than  fifty  dollars. 

Electronic  Gas  Gage 

One  of  the  many  problems  whi 
still  confront  the  makers  of  lar 
aircraft  is  the  accurate  detennis 
tion  of  the  amount  of  gasoline 
the  tanks.  This  may  sound  like 
simple  problem  but  when  you  ce 
sider  the  various  sizes  and  shap 
of  these  tanks,  and  especially  t 
flexible  tanks  which  change  sha 
with  gasoline  load,  coupled  with  t 
various  flight  attitudes  of  1m 
planes  during  even  a normal  flight 
it  is  evident  that  a simple  float  type 
of  gage  will  not  provide  accur&tt 
readings. 

Accurate  carburetion  and  fid 
consumption  control  is  of  not  too  j 
much  aid  if  the  amount  of  fuel  re- 
maining in  the  tanks  cannot  be 
measured  in  flight  closer  than  fiw 
or  ten  percent.  Electronic  gages 
have  been  in  service  on  some  for- 
eign craft,  and  are  being  experi- 
mented, with  in  this  country.  These 
gages  measure  the  capacitance  be- 
tween a plurality  of  plates  im- 
mersed in  the  gasoline,  the  capaci- 
tance being  a junction  of  the 
height  of  the  gasoline  between  the 
plates.  A gage  of  this  type  may  be 
designed  to  compensate  for  moder- 
ate changes  in  plane  altitude  and 
several  tanks  may  be  connected  to- 
gether and  totalized.  Commercial 
airlines  will  welcome  an  accurate 
fuel  gage  since  any  excess  fuel  car- 
ried merely  because  of  uncertain- 
ties is  wasted  money  and  is  re- 
flected in  higher  operating  costs. 

Electronic  Supercharger 

An  electronic  unit  has  been  de- 
veloped to  control  the  boost,  or 
manifold  pressure  of  an  aircraf 
engine  and  is  in  successful  opera- 
tion today.  This  control  maintains 
a predetermined  air  pressure  » 
varying  altitudes  by  controlling  the 
setting  of  the  superchargers  was  e 
gate.  A description  of  this  unit  was 
published  in  ELECTRONICS. 

Controls  of  this  type  will  un 


B Sc  W has  the  answers  to 
Inductor  Coils  of  all  types  for 
Dielectric  Heating  uses!  Many 
requirements  can  be  matched 
by  standard  B & W heavy  duty 
Air  Inductors  of  which  the  big 
rotary  coil  illustrated  above  is 


a typical  example.  Beyond  these, 
more  than  a decade  of  special- 
ized coil  engineering  experi- 
ence is  here  at  your  disposal  for 
the  design  of  whatever  type  of 
special  inductor  your  applica- 
tion may  require. 


CUSTOM  AND  PRODUCTION  BUILT  ELECTRONIC  EQUIPMENT  ASSEMBLIES 


la  addition  to  Air  Inductors  and  Heavy-Duty  Variable  Capaci- 
tors. B & W offers  specialized  facilities  for  the  design  and  pro- 
duction of  custom-built  electronic  equipment  such  as  special 
transmitters,  test  equipment,  aatenna  tuning  units,  ultra-high 
frequency  equipment,  high  voltage  equipment,  etc.  Let  us  quote 
on  your  requirements. 


In  a comparatively  short  time,  the  mighty 
i ■ bomiifr!  of  the  Army  Air  Tone  can  pass' 
from  tbr  scorching  heat  of  the  tropics  to  the 
frigid  subzero  climate  of  the  stratosphere 
w^rt  electrically  heated  flying  suits  become 
■ ' «n  absolute  necessity  for  the  protection  and 
efficient  operation  of  all  personnel.  Vital  parts 
• oj  these  hot  suits"  are  the  Uurez  plastic  elec- 
lr'“l  connectors  illustrated  here. 

^ Probabl>’  no  other  field  of  industry 
"quires  the  versatility  in  a material  as 
fi  'lectlical  manufacturing.  Such  prop- 
f'  tnits  as  dWectric  strength,  heat  re- 
sistance,  moisture  resistance,  impact 
stren8th  and  dimensional  stability  at 
teraperature  extremes,  are  basic"musts" 
* ln  practically  all  cases. 

fr  ^Cause  tbe  phenolics  are  the  most 
s'  a”??'  Plastics,  their  use  in 
ighiy  specialized  field  naturally 
ls  ,ren>endous.  TypicaI  examples  of 


this  large  utilization  are  these  elec- 
trical connectors  molded  for  the 
Holwin  Corporation  by  Northwestern 
Plastics  Company. 

Clot*  Tolerances 

As  the  result  of  an  ingenious  molding 
operation,  these  electrical  connectors 
are  efficiently  molded  by  a single  op- 
eration. Fastening  nut  locating  holes, 
as  well  as  spring  contact  grooves,  are 
molded-in.  The  specifications  call  for 
close  tolerances  on  these  grooves  which 
attest  to  the  excellent  moldability  and 
exact  shrinkage  of  the  Durez  phenolic 
molding  compound  used,  further  evidence 
of  a plastic  that  fits  the  job. 

Varsatila  Plastic  Usad 

The  wide  range  of  properties  which 
the  Durez  compound  selected  for  this 
job  possesses,  are  also  found,  in  vary- 


ing degrees,  in  all  of  the  other  more 
than  300  Durez  phenolic  molding 
compounds.  In  addition  to  those  men- 
tioned before,  they  possess  such  prop- 
erties as  lustrous  finish,  arc-resistance, 
and  resistance  to  mild  acids  and  alka- 
lies— to  mention  a few.  This  unusual 
versatility  makes  their  applications 
almost  limitless . . . makes  them  of  un- 
usual value  to  the  design  engineer. 

As  specialists  in  the  production  of 
phenolics  for  the  past  quarter  century, 
Durez  technicians  have  the  extensive 
experience  so  necessary  to  advise  you 
expertly.  The  benefits  which  this  rich 
background  and  a wealth  of  proved 
product  development  data  can  pro- 
vide, are  available  to  you  and  your 
custom  molder  at  all  times.  Durez 
Plastics  & Chemicals,  Inc.,  327  Walck 
Road,  North  T onawanda,  N . Y. 
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Since  its  development  in  193. 5 the  Italian  line 
Electronic  AC  Voltmeter  is  the  only  instrument  of 
its  hind  with  a Simplified  Logarithmic  Scale. 

The  important  feature  of  logarithmic  scale  in- 
dication in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1 as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi- 
range instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 
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-Tairchild  offers  an  unusu- 
*“*  “ounted  'floating’  design  for  low- 
P«w>re,  dynamic  pickup.  Designed  for 
0 Broadcast  and  other  exacting  trans- 
ition requirements,  it  reproduces  all 
“o  quality  and  natural  beauty  of  re- 

<07d  music  or  speech  with  full  not- 
vainest. 


AU  microscopic  undulations  - that  de- 
mine  quality  of  the  transcription- 

w^out  distortion  even 
Miilj  modulated  grooves. 

0»?  By  means  of  several  Fairchild 
1 ‘ks'S11  feitures:  Let's  start  with 


the  3 ounce  cartridge  mounted  on  a two- 
point  suspension  in  the  pickup  head  cast- 
ing. It's  the  only  vertical  moving  mass  in 
the  Fairchild  assembly.  High  and  low 
spots  in  the  record  disc  need  only  displace 
its  3 ounce  weight  instead  of  the  total 
weight  of  the  entire  mounting  arm.  This 
unusual  mounting  method  affords  a near- 
uniform stylus  pressure  of  25  grams  — 
even  under  unfavorable  playing  con- 
ditions. 

Next,  the  pickup  head  is  mounted  in 
the  famous  Fairchild  tone  arm  with  cone 
ball  bearings.  Lateral  drag  is  reduced.  And 


still  another  important  source  of  distor- 
tion and  record  wear  is  eliminated. 

Finally,  there  is  no  overhang  of  the 
tone  arm  with  consequent  inertia  — an- 
other cause  of  difficulty  when  playing 
warped  records  or  on  uneven  turntables. 
The  tone  arm  floats  at  any  required  ad- 
justable height  above  the  disc. 

Descriptive  and  priority  data  on  the 
newly  perfected  Fairchild  Lateral  Dynamic 
Pickup  and  Transcription  Turntable  are 
now  available.  Address  New  Y ork  Office: 
475  - 10th  Avenue,  New  York  18;  Plant: 
88-06  Van  Wyck  Blvd.,  Jamaica  1,  N.  Y. 
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COMMERCIAL  AIRCRAFT 


(continued) 


FIGURE  THIS  ONE  OUT  . . . 


r ' 

*Pac*  almost  devoid  of  content  — 


hence  almost  nothing. 


Almost  nothing  (high  vacuum)  has  played  an  important  part  in 
manufacturing  or  processing:  electronic  devices,  light  bulbs, 
dried  blood  plasma,  and  countless  other  products. 


For  nearly  two  decades.  Kinney  has  supplied  reliable  vacuum 
pumps.  In  many  industries,  Kinney  Vacuum  Pumps  have  re- 
moved high  vacuum  processing  from  the  laboratory  to  large 
scale  factory  production.  Today,  nearly  three  thousand  Kinney 
Pumps  are  at  work  in  electronics,  over  two  thousand  in  elec- 
trical production  and  thousands  more  in  petroin„m 

pharmaceutical,  chemical  and  miscellaneous  industrial  appjj 
cations.  These  vacuum  pumps,  with  a total  displacement  of 
over  710.000  cubic  feet  per  minute,  represent  a vast  fund  of 
experience  in  designing  and  building  pumps  for  the  specialised 
service  of  creating  and  maintaining  low  absolute  pressures 


Let  Kinney  figure  out 
your 

vacuum  pumping  problems 


Model  CVD  Compound 
Dry  Vacuum  Pump. 
Low  absolute  pressure* 
0 5 "iln-on  or  better. 


KINNEY  MANUFACTURING  COMPANY 

3565  Washington  Street  Boston  30,  Mass 

NEW  YORK  • CHICAGO  • PHILADELPHIA  • LOS  ANGELES  • SAN  FRANCISCO 
We  also  manufacture 

Vacuum  Tight  Valves,  Liquid  Pumpe,  Clutches  and  Bituminous  Distributors 


ally  being  improved.  A good  trans- 
mitter and  receiver  will  be  almost  a 
must  in  post-war  private  flying  if 
any  cross-country  flight  is  antici- 
pated. Both  transmitters  and  re- 
ceivers as  well  as  radio  direction 
finders  in  more  simple  form  will  be 
available  to  private  flyers  and  will 
probably  be  similar  in  construction 
to  high-grade  automobile  radio 
equipment,  and  similarly  priced. 

• • • 
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Filters  for  Electronic 
Equipment 

By  Gershon  J.  Wheeler 

Many  modern  industrial  elec- 
tronic devices  and  auxiliary  units 
are  sources  of  r-f  noise  covering  a 
wide  range  of  frequencies.  As  such 
they  interfere  with  radio  communi- 
cations in  all  bands.  This  interfer- 
ence is  picked  up  by  the  antenna 
of  the  receiver  or  is  fed  back  into 
the  power  lines.  If  the  noise  gen- 
erator is  in  a well-shielded  box, 
then  power-line  filters  should  elim- 
inate the  interference. 

There  are  a few  practical  precau- 
tions which  are  not  mentioned  in 


p 

N ? 

— 

x 

Fig.  1 — Popular  pi-type  oi  filter  under 
discussion 


the  textbooks.  Most  filters  for  this 
application  are  broadband  pi-type 
configurations  consisting  of  two 
capacitors  and  a choke  (Fig.  D- 
Although  the  larger  the  choke,  the 
higher  will  be  the  attenuation,  care 
must  be  taken  not  to  make  this  too 
large.  If  the  reactance  of  the  choke 
at  the  line  frequency  is  too  high, 
the  resultant  voltage  drop  would 
prevent  the  equipment  from  oper- 
ating properly.  For  example,  a 
250-microhenry  choke  in  a 110-volt, 
800-cycle  line  (this  is  not  an  un- 
common line  frequency  today) 
would  have  a reactance  of  li  ohms.  I 
If  the  equipment  draws  20  amperes,  j 
the  drop  across  the  choke  would  be 
25  volts. 

In  a-c  circuits,  and  especially  at 
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The  amazing  advantages  of  radio  frequency 
eating  in  plywood  bonding  are  clearly  shown  by 
tms  demonstration  which  heated  2560  cubic  inches 
plywood  (16"  x 16"  x 10")  to  a uniform  tempera- 
te of  270°  in  5 minutes. 

This  is  typical  of  the  fast,  accurate  performance 

««i!r10^?<luency  heatin8-  And  these  compact, 
y-uatalled  Westinghouse  RF  Generators  offer 
y advantages  in  all  types  of  plywood  bonding, 
u*  automatic.  for  example,  and  heat  after 
nmn™  j repeated  automatically  without  inter- 
accurflrt  w duPhcated  in  any  future  job  with  perfect 
and  mhl  ,™utton  operation  is  quick  and  easy 
to  a nr  "estinghouse  heating  unit  is  adjusted 

buttoT^JE^  merely  requires  pushing  a 
nd  setting  dials  to  calibration  data. 

conauirJ!!"8- c'£*  processing  costs,  too,  for  power] 
theonJJ"  lL,lnu.ted  t0  the  amount  needed  for 
tors  iimiio.0?'  ''ne  °f  Radio  Frequency  Genera- 
's olvwnrvi  sbown  here  has  wide  flexibility 

dtad-frnnf  “ending.  Operators  are  protected  by 

Your°nt  COnstructi°n. 

camolJ^.^^ouae  office  can  give  you 
heating  in  ifta lJ?  on  the  use  of  radio  frequency 
bouse  {?!*,.,  ending  plywoods.  Or  write  Westing- 
burgh  30  Pa  ' CorP°ration,  P.O.  Box  868,  Pitts- 

J-08107 

ELECTRONICS_Jo/y  ms 


C.p.eKor.us.4  i»  »“'"»• 

scopes  are  especially  designed, 

manufactured  lor  nnn.u.l  perform-  1 

under  difficult  opera**  conditions-  | 


PAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 


INDUSTRIAL 

CONDENSER 


CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGO  22,  U.  S.  A. 


WORLD  FAMOUS 
OSCILLOSCOPES  by 


Use  Capacitors  by 

INDUSTRIAL  CONDENSE 
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Do  it  faster  and  more  economically 
with  Lepel  Induction  Heating 


This  part  could  be  machined  from  a solid  bar  — a costly  and  wasteful 
machining  job. 

♦ It  could  be  made  from  a forging  or  casting,  — necessitating  expensive 
^ ^*es  or  patterns  and  entailing  difficult  and  expensive  machining. 
j it  can  be  made  by  silver  soldering  or  brazing  standard  or  easily- 

* produced  shapes  with  Lepel  Induction  Heating  — in  a fraction  of  the  time, 
at  a fraction  of  the  cost. 

A section  of  seamless  tubing  forms  the  collar.  The  cam  is  cut  from  a cold 
drawn  section  (or  a bar  machined  to  the  desired  contour)  and  drilled.  The 
large  diameter  section  is  machined  from  steel  plate. 

Surfaces  to  be  joined  are  prefluxed  and  components  assembled  with  the 
brazing  alloy  (preplaced  in  the  form  of  rings)  on  the  ground  shaft.  The 
assembly  is  positioned  in  a jig,  heat  is  applied  at  sections  to  be  brazed  by 
means  of  properly-designed  load  coils  and  the  brazing  operation  is  com- 
pleted in  a few  seconds. 

As  the  heat  is  generated  within  the  metal  itself,  the  brazing  alloy  pene- 
trates throughout  the  joint,  producing  maximum  strength  and  soundness. 

Accurate  automatic  control  of  time  and  temperature  cycles  prevents  exces- 
sive heating,  minimizing  discoloration  and  practically  eliminating  surface 
scale.  Little,  if  any,  finishing  is  required.  There  is  no  waste  of  brazing  alloy. 

Lepel  Induction  Heating  can  be  used  to  join  metals  of  any  analysis  — 
ferrous  or  non-ferrous  — in  any  form,  using  brazing  alloys  of  any  melting 
point.  It  simplifies  manufacturing  procedure,  cuts  costs  and  shatters  pro- 
duction bottlenecks. 

The  same  compact,  relatively-inexpensive  unit  can  also  be  used  without 
alteration  for  speedy  localized  hardening,  normalizing  annealing  and  melting. 

A Lepel  field  engineer  will  gladly  check  your  parts  to  determine  possi- 
bilities for  more  efficient  and  economical  production  by  brazing  with  Lepel 
Induction  Heating.  Just  write 


LEPEL  HIGH  FREQUENCY  LABORATORIES,  INC. 

PIONEERS  IN  INDUCTION  HEATING 

General  Offices : 39  West  60th  Street,  New  York  23,  N.  Y. 


BETTER,  MORE  ECONOMICALLY  BY  LEPEL  INDUCTION  HEATING 

Digitized  by  VjOOQlC 
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Sixty  Kilowatts  On  Wheels  Serves  Signal  Corps 


A sixty- kilowatt  mobile  radio 
station,  the  largest  ever  con- 
structed, is  now  operating  in  Eu- 
rope for  the  U.  S.  Signal  Corps. 
Called  SigCircus  and  designated 
officially  as  mobile  radio  station 
P-563,  it  occupies  17  large  trailers 
and  contains  the  facilities  of  a 
fixed  station  of  similar  power. 

SigCircus  can  transmit  and  re- 
ceive a total  of  200,000  words  daily. 
Besides  the  normal  radio-teletype 
channels,  for  simultaneous  trans- 
mission and  reception  between  Eu- 
rope and  the  United  States,  the 
station  has  complete  broadcast  fa- 
cilities. These  include  a modern 
broadcast  studio  and  control  booth, 
a portable  American  Forces  Net- 
work studio,  complete  equipment 
for  two-way  facsimile  operation, 
and  wire,  film  and  disc  recording. 

The  station  was  ordered  by  Brig- 
adier General  Carroll  C.  Bickel- 
haupt,  Director  of  Communication 
Division  of  the  U.  S.  Army,  on 
October  26,  1944  from  Le  Materiel 
Telephonique,  French  associate  of 
International  Telephone  and  Tele- 
graph Corp.,  and  was  delivered  on 
schedule  within  three  months  after 
the  original  contract  date. 

It  was  designed  for  broadcast 
service  to  the  United  States,  and  is 
also  capable  of  providing  local  pro- 
grams for  the  entertainment  of  Al- 
lied troops  within  a radius  of  25  to 
30  miles.  All  the  services  can  be 
carried  on  simultaneously  without 
interference. 

Equipment 

A special  v-h-f  inter-unit  com- 
munications system  is  used  between 
the  radio  transmitting  and  receiv- 
ing groups,  which  are  placed  some 
distance  apart  to  prevent  mutual 
interference.  This  system  includes 
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Air-cooled  tabes  of  the  intermediate 
power  amplier  of  SigCircus 


voice-frequency  carrier  equipment 
to  provide  the  required  number  of 
keying  controls  and  channels. 

The  equipment  is  distributed 


among  the  17  trailers  which  an 
nominally  divided  into  three  gw 
eral  groups:  transmitter,  sign! 
center,  and  power  and  pictorial 

In  the  first,  or  transmitter  grogf, 
three  trailers  each  contain  a 504nr 
Diesel  power  generator  and  a 278- 
gallon  fuel  tank.  Switching  fw« 
Diesel  power  to  commercial  power 
may  be  made  when  the  latter  ii 
available.  The  fourth  trailer  cot 
tains  a low-tension  power  supplj 
and  voltage  regulator,  with  a 12-h 
filter  capacitor.  Trailer  5 holds  a 
high-voltage  direct-current  rectifiat 
(12  kilovolts). 

A Western  Electric  two-kilowait 
driver  unit  is  contained  in  another 
trailer  together  with  v-h-f  trans- 
mitters, receivers  and  associated 
carrier  equipment.  This  trailer  also 
contains  the  transmitter  operating 
position.  The  driver  stage  feeds  a 
60-kw  power  amplifier  in  trailer  7, 
while  trailer  8 has  an  Army  Forces 
network  transmitter,  an  air  blower 
for  its  high  power  air-cooled  tubes, 
a workshop  and  storage  space. 

Other  Facilities 

Five  trailers  numbered  from  9 
to  13  form  the  Signal  Center  group. 
Trailer  9 holds  supplies  and  two 
v-h-f  transmitter  and  receiver  sys- 
tems, while  trailer  10  contains  spe- 
cial carrier  equipment.  Trailers  11 
and  12  have  six  high-speed  teletype 
machines  and  associated  facilities 


g§! 


n’s'  Slallnl  "Tente*n  trail"r“  tool  house  SlgCircue.  the  60-kw  mobile  etaffon  of  & 
de^eT^it^u  “OWT°P<,ratt,'W  hi  France.  Operated  by  Army  pereonneL  « *• 
designed  and  built  by  le  Materiel  Telephonique.  French  associate  of  Inlernatloni 
Tel.  and  Tel.  Corp. 
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cures  to  a non-thermoplastic,  infusible  state 

will  not  soften  or  "throw-out" 

has  excellent  dip-tank  stability 

insures  constancy  of  electric  properties 

has  no  objectional  solvents  that  attack  enameled  wire 

bonds  conductors  into  a compact  unit-acting  mass 

has  exceptional  penetrating  power 

has  excellent  insulation  value  at  high  temperatures 

produces  firm,  tough  mechanically  strong  coatings 

does  not  give  off  corrosive  fumes 

resists  acids,  alkalies  and  moisture 

imparts  high  thermal  conductivity  to  finished  coils 

is  recommended  for  Fiberglas  and  Asbestos  windings 


and  WILL  NOT  SUPPORT 
FUNGUS  GROWTH 


on-  - „0  -GUI— 


Trwitormor  Compound! 
"teflon  Tape  and  Splice 
rfPo«»od  Compounds 
Top.  ond  Cloth 
n *»d  Twin., 


A PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberglas  Saturated  Sleeving  end  Varnished  Tubing 

Asbestos  Sleeving  and  Tape 

Varnished  Cambric  Cloth  and  Tape 

Mica  Plate,  Tape,  Paper,  Cloth  and  Tubing 


Fiberglas  Braided  Sleeving 
Cotton  Tapos,  Webbings  ond  Slnovlng, 
Impregnated  Varnish  Tubing 
Insulating  Vornishot  ot  oil  typos 
Eetrudod  Plastic  Tubing 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrtlondt  7-92 64  NEW  YORK  7,  N.Y. 


^ECTRomcj  — jaiy  WJ 
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RADIO,  SOUND  and 
COMMUNICATIONS 
EQUIPMENT 


AUTOMOTIVE 
and  AVIATION 
EQUIPMENT 


However  advanced  your  own  product-development  work  may  be  . . . 
however  new  or  revolutionary  the  permanent  magnets  you  require 
, . . Arnold  engineers  can  be  of  considerable  assistance  to  you  in  supply, 
ing  the  proper  permanent  magnets  in  volume.  They’re  precision-built 
entirely  in  our  own  plant,  under  the  closest  metallurgical,  mechan- 
ical and  magnetic  control  to  assure  peak  efficiency  at  the  lowest  cost. 


siccircus 


{continued) 


for  handling  traffic.  Trailer  13  con- 
tains the  facsimile  transceiver 
units,  the  broadcast  studio,  and  a 
control  booth  in  which  space  has 
been  set  aside  for  the  wire,  disc  and 
film  recorders.  This  trailer  is  s 
the  home  of  the  portable  American 
Forces  network  studio. 

The  receiving  station,  consisting 
of  one  W.  E.  receiver,  v-h-f  trans- 
mitters and  associated  carrier 
equipment,  is  fitted  into  trailer  14. 
In  the  power  and  pictorial  group, 
two  trailers  each  contain  a 25-kw 
gasoline  powered  unit  and  another 
trailer  carries  the  army  pictorial 
division  hut. 


Time  Division  Multiplex 
System  Uses  Eight  Channels 
With  One  Transmitter 

A COMMUNICATIONS  SYSTEM,  by 
which  eight  channels  are  transmit- 
ted simultaneously  by  a single  ra- 
diotelegraph transmitter,  is  operat- 
ing between  New  York  and  London 
to  increase  communication  capacity 
between  the  United  States  and 
Great  Britain,  and,  with  extension 
of  channels  to  San  Francisco,  to  ex- 
pedite the  flow  of  traffic  to  and  from 
the  United  Nations  Conference.  The 
equipment  can  handle  488  words 
per  minute  inward  and  outward 


This  switch  is  being  set  ior  eight-chan- 
nel service  and  also  permits  selection  oi 
two  or  iour  channels.  At  each  side  o! 
the  switch  is  a face-plate  mechanism 
that  feeds  to  or  from  the  seven-unit 
printing  equipment 

simultaneously.  This  corresponds 
to  eight  channels  each  way  with  an 
individual  channel  speed  of  61 
words  per  minute.  Operation  may 
be  made  on  four  or  two  channels  in- 
stead of  eight  channels,  when  de- 
sired. 

The  eight  channels  may  be  util- 
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The  Family  of  Mon- 
santo Plastics  — A 
guide  for  product 
designers 

Thalid  for  impression 
molding.  Application 
information 

* 

Resinox  — A Mon- 
santo plastic 

Thalid  — Glass  doth 
laminates.  Physical 
properties 

c 

Lustron  — A Mon- 
santo plastic 

Thalid  for  impression 
molding.  Data  sheet 

Monsanto  Plastics  — 
A data  book  for 
molders  and  fabri- 
cators 

Resimene  803-A. 
Melamine  molding 
material 

How  Vuepak  Helped 
20  Manufacturers  to 
Package  for  Greater 
Sales 

Resimene  801-K  — 
Specifications.  Mold- 
ing laminating  resin 

Monsanto  Plastics  in 
Packaging 

Resimene  803-A  — 
General 

o 

Monsanto  Plastics  in 
Toys 

■y 

Resimene  molding 
compounds  and  resins 

Monsanto  casting 
sealant 

s<^' 

Monsanto  vinyl 
butyral 

Molding  of  Cerex 

Application  of  vinyl 
butyral 

Cerex  data  sheet 

Polyvinyl  butyral 
dispersion 

Cerex — Applications 

Handling  of  Fibestos 
sheet 

Styramic  HT 
(polydichlorostyrene) 

Lustron  2020  Im- 
proved Polystyrene 

Divlnylbenzene 

rv,\ 

Resinox  410  general 
purpose  phenolic 
adhesive 

Thalid  resins  for 
impression  molding. 
Fabrication  informa- 
tion 

Monsanto  Chskcal  Company,  Plastics  Diviriou 
Springfield  2,  Massachusetts 
Please  send  the  following  bulletins: 


□ A 

□ * 

□ c 

Do 

□ E 

□ F 

□ G 

□ X100-2 

□ X200-1 

□ X200-2 

□ X200-3 

□ X300-1 

□ X400-1 

□ XSOO-1 

□ X500-4 

□ X500-J 

□ X500-6 

□ X800-1 

□ XfiOO-2 

□ X800-5 

□ X800-6 

□ 1000-1 
□ 1000-3 

□ 1000-4 

□ itoo-t 

□ 1200-1 
□ 1300-1 

Name 

City 

Stott 
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VARIATE N #1 658 

Laddtr  Circuit -2  Vs  db  per  step;  30  to  600 
ohms  impedance.  Price,  F.O.B. . . $3.7} 


CINEMA  ENGINEERING  CO. 

Established  1935  • Burbank  • California 
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Development  of  the  new  multi- 
plex equipment  began  less  than  two 
years  ago,  but  for  some  time  before 
that  date  RCAC  research  engineers 
succeeded  in  the  use  of  a seven- 
unit  printer  which  is  employed  in 
the  new  system.  Such  a printer  has 
been  employed  continuously  since 
1939  for  handling  commercial  traf- 
fic over  the  New  York-San  Fran- 
cisco radio  circuit. 

The  printer  is  completely  auto- 
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VARIATEN  contacts  and  brush 
surfaces  make  contact  over  their 
entire  area  because  the  contacts 
are  ground  flat  and  the  brushes 
stone-lapped,  not  buffed.  Buff- 
ing produces  rounded  surfaces 
and  therefore  a "point1'  contact 
highly  susceptible  to  noise.  Vari- 
aten  brushes  move  from  one 
contact  to  the  next  without  rock- 
ing motion.  The  resulting  per- 
pendicular spring  pressure  at  all 
positions  allows  us  to  take  ad- 
vantage of  the  natural  resiliency 
of  metals  to  provide  a com- 
pletely flat  contact  over  the  en- 
tire brush  surface  at  all  times 
and  so  reduce  noise  and  length- 
en service  life. 

No  carbon  resistors  ore  used  in 
any  Variaten  Mixer... 

All  are  of  stable,  wire-wound 
construction.  Most  are  step  type. 
Where  quiet  operation  is  the 
major  consideration,  we  recom- 
mend ladder  type  mixers  because 
the  circuit  requires  only  one  con- 
tact brush  operation  on  the  input 
side  of  the  circuit  and  any  pos- 
sible brush  noise  is  therefore  at- 
tenuated along  with  the  signal. 

By  all  means  compare  circuits, 
construction  and  features  of 
these  mixers.  From  the  hundreds 
of  Variaten  attenuators  you  may 
select  the  attenuators  best  adapt- 
ed to  your  specific  needs.  Write 
for  the  Variaten  Catalog  today. 


MULTIPLEX  SYSTEM  (continue  j 

ized  for  two-way  communication 
with  one  distant  station  or  four 
channels,  with  a total  capacity  ol 
244  words  per  minute,  can  be  oper- 
ated in  both  directions  simulta- 
neously between  two  different  sta- 
tions. Automatic  retransmission  of 
one  or  more  of  the  channels  to  i 
third  station,  may  be  made. 

Developed  by  RCA,  the  multiple! 
system  uses  a printing  mechanism 
that  makes  the  circuit  practically 
error-proof,  despite  its  high  speed. 
If  a letter  be  mutilated  or  garbled 
in  transmission,  a warning  bell 


Receiving  and  transmission  panels  used 
in  the  multiplex  system  developed  by 
RCA.  On  each  can  be  seen  the  host 
face-plate  assemblies  of  the  multiplex 
distributors  that  pass  incoming  or  out- 
going signal  elements  from  and  to  the 
seven-unit  printing  equipment  in  the 
proper  sequence  and  at  the  proper  time 
intervals 

rings  at  the  receiving  printer.  In- 
stead of  the  mutilated  character,  a 
Maltese  cross  appears  to  mark  the 
exact  spot  of  the  error  and  facili- 
tate correction. 

Seven-unit  Printer 


VARIATEN  #1218 

"T"  Circuit-1  Vi  db  per  step;  30  to  600 
ohms  impedance.  Price,  F.O.B... $17.30 


VARIATEN  1/1156 

Ladder  Circuit-lVi  db  per  step;  }0  to  600 
ohms  impedance.  Price,  F.O.B... $12.30 


VARNISHED  f 
FIBERGLAS- 

and-fiber 


DUP*-E*ED 

varn^he® 

FIBERGLAS 


y 


IMPROVED  ^ 
SLOT  INSULATIONS 

BY  IRVINGTON 


im^9*n  sets  the  pace  with  three  improved 

Varnished  Fibeiglas-and-Fiber,  that  combines  the  heat 
of res‘stance  and  high  mechanical  strength 
Irvine  e /iberglas  with  the  high  insulating  qualities  of 
lrv®gton  formulated  varnish. 

tection*6^  V.ainished  Fiberglas,  that  furnishes  added  pro- 
twolai  2®31,nst  ^igh  temperatures  and  dampness  with 
toqe  hi!'50  VaInished  Fiberglas  that  are  flexibly  bonded 
strenntt,  Pr°v*din9  increased  dielectric  and  mechanical 
n9th  and  improved  cushioning  effect. 

Special  tl-  ci  ^ 

Rberolsc  ° ^ 0t  lnsulations.  consisting  of  varnished 
papej  ■ ' ray°n,  nylon  or  cambric,  duplexed  to  rag 
h:ch  die, J™elY  thin  combinations  which  provide 
wherever  C HC  lnsu*ati°ns  for  narrow  and  shallow  slots 
*6V  sPace  is  limited. 

further  inc^-  ^lree  addi*ions  to  its  broad  line,  Irvington 
insulations  f aSes  ‘,s  leadership  in  the  production  of  slot 
'“ns  and  m6et  a11  °Peratin9  condi 
“Peration iiw'un’i61118'  Complete  co-  granTT? 

freely  0ffPro,  f^f!Ill?9  your  needs  is 


Other  Irvington  products  include  . . . insulating 
varnish,  plastic  tubing  and  tape,  varnished 
tubing,  varnished  fabrics,  varnished  Fiber- 
glas. wire  markers,  Cardolite  Compounds. 


VARNISH  & INSULATOR  CO. 
Irvington  11,  New  Jersey,  U.  S.  A. 


Write  Department  106. 


L ^ (TtruiiVV^ 


and  commercial  use  has  for  years  been  made  possible 
by  The  Asfatic  Corporation  fhrough  Asiatic  Phono- 
graph Pickups.  Long  favoriies  wiih  mosf  leading  manu- 
facturers  and  |obbers  of  phonographs  and  phonograph 
equipment,  Astatic  Pickups  have  supplied  the  highest 
degree  of  quality  and  fidelity  to  record  reproduction. 
For  the  days  ahead.  Astatic  promises  even  greater 
true-to-life  tonal  realism,  improvements  in  pickup  de- 
sign, construction  and  operating  efficiency  that  will 
contribute  immeasurably  to  the  clarity  and  beauty  of 
reproduction  from  the  new,  fine-grain,  noise-free.  Viny- 
lite  recordings  of  tomorrow.  Conversion  to  peacetime 
production,  when  such  permission  is  given,  will  be 
prompt  and  Astatic’s  greatly  increased  manufacturing 
facilities  will  be  ready  to  serve  its  great  host  of  manu- 
facturing and  jobber  customers. 


You'll  HEAR  MORE 

from  Astatic"  I 


MULTIPLEX  SYSTEM  (coating 

matic  and,  in  conjunction  with  the 
multiplex  mechanism,  the  system 
functions  with  a minimum  loss  of 
circuit  time.  In  the  seven-unit  sys- 
tem, each  incoming  letter  is  formed 
of  three  marking  (signal)  impulses, 
plus  four  spacing  (no  signal)  im- 
pulses. Automatic  counting  is  dose 
in  the  receiving  printer  to  check 
the  arriving  impulses,  and  if  the 
marking  impulses  vary  from  three, 
the  warning  bell  sounds  and  the 
Maltese  cross  appears  to  report  an 
error. 

The  multiplex  equipment  is  also 
able  to  handle  other  telegraphic 
codes.  A different  code  can  be  used 
on  each  of  the  four  pairs  of  chan- 
nels if  desired. 

Routing  Speed 

Traffic  from  San  Francisco  to 
London  passes  through  the  syn- 
chronized equipment  in  the  New 
York  office  of  RCAC,  at  66  Broad 
Street,  where  the  channels  are  sep- 
arated automatically.  From  there 
they  go  to  the  transmitting  station 
at  New  Brunswick,  then  across  the 
Atlantic.  Routing  from  the  British 
capital  also  includes;  passage 
through  New  York.  A mechanical 
delay  of  only  one-sixth  of  a second 
occurs  in  the  transmission  in  either 
direction. 

The  system  makes  possible  si- 
multaneous transmission  over  four 
channels  each  way  between  San 
Francisco  and  London  through  New 
York,  but  the  routing  can  he 
shifted,  for  instance,  to  send  mes- 
sages from  either  city  to  the  Ar- 
gentine over  the  three-channel 
New  York-Buenos  Aires  circuit. 

Each  channel  utilizes  two  bells 
for  signalling.  One  rings  when  an 
incorrect  group  of  signal  elements 
reaches  the  receiving  printer,  and 
the  other,  of  different  pitch,  is  oper- 
ated by  means  of  a switch  similar 
to  a telephone  dial.  With  it,  the  re- 
ceiving operator  can  pass  a number 
of  stock  phrases  for  service  in- 
struction to  the  other  end  of  the 
circuit,  thereby  saving  channel 
operating  time. 

• • • 

Compressed  Recordings 
for  Carrier  Pigeons 

One  houk  of  speech,  reproduced 
on  a light  thin  film  that  can  be  car- 
ried in  a capsule  strapped  to  the 
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Torture  Test  - DOU  BLED ! 


The  story  of  a transformer  yanked  back  and  forth  from  Pole  to  Equator 


01  of  the  U.  S.  Army  Signal  Corps  say  chat  no  mat- 
ter where  they  run  their  lines, "It’s  either  too  hot  ot 
'°° C0^'  T°  make  sure  equipment  can  take  it,  the 
tps  tuns  the  five-cycle  humidity  test, 
j were  giving  this  test  to  a Thermador  trans- 
I’hey  Put  it  into  a chamber,  pressed  a button 
^§etthe  bleak  50°  below. They  pressed  another 
ton,  the  thermometer  shot  to  the  197°  of  a blazing 
tem t0Fla'  noonFive  times  they  raised  and  lowered  the 
Wi(^itUre  "^*ey  watched,  through  the  glass  doors, 
‘pping  onto  the  transformers— condensation. 

w o tty-eight  hours  they  took  an  ice  pick  to  get 
*ttl>e  terminals. 

****  t*,em  ^.connected  the  current,  threw 
ELECTR°Nlcs_jB)y  ms 


on  the  switch.  If,  after  this  torture,  the  transformer 
could  take  2,000  volts  it  would  pass  the  test.  They  gave 
it  not  2,000  but  4,000  volts,  doubling  the  test -and,  of 
course,  it  took  it!  buy  more  war  bonds! 


THERMADOR  ELECTRICAL  MANUFACTURING  CO. 

5119  South  Riverside  Drive  • Los  Angeles 
9 


THERMADOR 
TRANSFORMERS 


DEFEAT  MEAT  COID  HUMIDITY 
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Water  Proof,  Moisture  Proof 
and  Steam  Proof  METERS 


VOLTMETERS ...  AMMETERS ...  MILLIAMMETERS ... 
MICROAMMETERS . . . WATTMETERS . . . BOTH  AC  AND  DC 

Now,  you  can  get  HICKOK  precision  and  dependability 
in  a new  line  of  hermetically  sealed  meters.  Available 
in  2 y2\  3^' and  444"  round  styles.  Dimensions  of 
American  War  Standards  Assn.  Drawings  C39.2-1  and 
C39.2-2.  The  4'  size  is  built  especially  for  use  in  radio 
service  equipment  where  several  scale  arcs  are  required. 

All  instruments  are  hermetically  sealed  and  both 
vacuum  and  pressure  tested  under  water.  Case  fabri- 
cated of  pressed  steel  and  made  corrosion  resistant  to 
meet  specifications.  Terminals  are  a special  glass 
soldered-in  type.  6 

All  meters  are  fully  shielded,  permitting  use  on 
either  magnetic  or  non-magnetic  panels.  Operation 
is  accurate  and  dependable  even  up  to  85°  centigrade 
Internal  pivot  construction  in  D.C.  types  assures 
longer  life  and  greater  resistance  to  shock  and  vibra- 
tion. Write  for  further  information  today. 


THE  HICKOK  ELECTRICAL  INSTRUMENT  CO 

10527  DUPONT  AVENUE  . CLEVELAND  8,  OHIO* 


PRECISION  CALIBRATED  . . . LASTING  ACCURACY 


COMPRESSED  RECORDINGS  (continual 

back  of  homing  pigeons,  has  beer 
made  possible  by  a recent  improve- 
ment in  sound  recording  sponsored 
by  the  Signal  Corps.  About  twenty 
times  as  much  wordage  can  be  re- 
corded on  the  film  as  can  be  typed 
on  paper  of  similar  surface  area. 

The  film  is  made  of  ethyl  cellu- 
lose, similar  to  ordinary  cellophane 
The  belt  is  one  foot  long  and  3 
inches  wide,  of  which  three  full 
inches  can  be  used  for  voice  repro 
duction.  The  film  belt  takes  thirty 
minutes  to  run  its  full  course  and 
can  be  turned  inside  out  to  take  a 
similar  recording  on  the  other  side 
so  that  one  full  hour  of  speech  fills 
a single  thin  belt.  Average  talking 
has  been  found  to  run  about  150 
words  to  the  minute,  but  some 
rapid  talkers  are  able  to  enunciate 
300  words  per  minute. 

Approximately  18,000  words  car. 
be  put  on  one  film  belt.  Two  belts  fit 
into  a four-inch  capsule  for  .har- 
nessing to  a pigeon’s  back,  so  that 
a single  bird  can  carry  36,000  words 
of  spoken  message. 

• • • 

Improved  Bass 
for  Small  Radios 

Small  loudspeakers  do  not  radiate 
efficiently  at  low  frequencies.  If 
one  attempts  to  compensate  for  this 
deficiency  by  feeding  greater  low- 
frequency  power  to  the  speaker,  the 
speaker  will  be  driven  to  such  ar 
extent  that  it  will  introduce  non- 
harmonic distortion. 

The  shock  to  the  cone  on  reach 
ing  its  limit  of  travel  due  to  large 
signals  will  be  translated  into  vi- 
brations at  speaker  resonnance. 
Because  the  cone  will  break  into 
multiple  modes  of  vibration,  the 
radiation  efficiency  will  be  further 
lowered.  The  effect  is  that  the 
speaker  booms,  not  that  there  is 
greater  low-frequency  radiation. 

Synthetic  Base  Principle 

It  is  not  economically  feasible  in 
small  receivers  to  use  speakers  that 
have  flat  response  to  low  frequen- 
cies. The  sizes  of  speaker  and  baf- 
fle are  limited  by  the  receiver  di- 
mensions, therefore  poor  low- 
frequency  radiation  is  an  inherent 
characteristic  of  small  receivers 
and  phonographs.  Synthesized  base 
provides  a solution. 

What  makes  such  a system  pos- 
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Whether  Amplitude  Modulation  . . . Frequency  Modu- 
lation ...  or  Television  — dependability  is  a must  for 
all  broadcast  equipment. 

Federal  broadcast  equipment  has  earned  a reputa- 
tion for  that  dependability  because  it  stands  up. 

For  more  than  thirty-five  achievement-studded  years 
. . . from  the  Poulscn  Arc  to  the  new  CBS  Television 
Station  . . . Federal  has  served  the  broadcast  industry 
with  superior  equipment. 

Federal’s  background  includes  such  milestones  of 
electronic  progress  as  the  1000  Kw  Bordeaux  Trans- 
mitter; Micro-ray,  the  forerunner  of  modern  television 
technique;  and  the  first  UHF  multi-channel  telephone 
and  telegraph  circuits,  part  of  a world-wide  communi- 
cations system  . . . 

All  this,  plus  the  war-sharpened  techniques  that  are 
the  result  of  ability  and  experience,  combine  to  give 
vou  craftsmanship  . . . the  kind  of  craftsmanship  that 
builds  dependability  into  all  Federal  equipment. 

In  AM  . . . FM  . . . TV  . . . 

. . . your  prime  need  in  broadcast  equipment  is 
dependability  — look  to  Federal  for  it. 


Newark  1,  N 
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New  Type 

Switch 

You  can  now  get  Aero  precision  and  long  life  in  a 
snap-action  switch  requiring  only  12  grams  maximum 
operating  pressure.  Some  special  models  have  been 
built  with  operating  pressures  as  low  as  6 to  8 grams. 
Like  all  Aero  switches  this  new  hinged  leaf  type  incor- 
porates the  famous  patented  beryllium  rolling  spring 
Pretravel  is  approx.  3/32";  overtravel,  approx.  3/16"; 
movement  differential,  approx.  .040";  rated  10  amps! 
at  115  volts  A.C.  Available  for  normally  open,  nor- 
mally closed  and  double  throw  circuits.  This  is  just  one 
of  many  compact,  time-tested  Aero  designs  for  better 
current  control.  Write  for  new  catalog  today. 

THE  ACRO  ELECTRIC  COMPANY 

1316  Superior  Avenue  Clevelands  ^ 


SYNTHETIC  IASS  tcontlniwf) 

sible  is  that  the  ear  itself  is  a non- 
linear device  introducing  harmonics 
into  the  sound  that  it  receives.  Be- 
cause of  this  characteristic  of  the 
ear,  the  aural  effect  of  a low  note 
can  be  produced  by  introducing  into 
the  ear  the  harmonics  that  the  ear 
would  generate  itself  if  it  were 
really  receiving  that  low  note. 
Physiologists  have  long  known  that 
a combination  of  odd  harmonics  of 
a low  frequency  give  the  impres- 
sion to  the  hearing  organs  of  the 
presence  of  that  frequency  even 
though  the  fundamental  is  itself 
absent.  This  characteristic  of  the 
ear  is  used  by  organists  to  play,  in 
effect,  notes  that  are  lower  than  the 
ear  can  actually  hear. 

Applied  to  small  radio  receivers 
and  phonograph  amplifiers,  the 
technique  consists  of  introducing 
non-linearity  into  the  output  stage 
but  only  at  low  frequencies.  This 
non-linearity  introduces  odd  har- 
monics, chiefly  third,  in  place  of  the 
low-frequency  note.  The  odd  har- 
monics are  efficiently  radiated  by 
the  speaker  and  heard  and  inter- 
preted by  the  ear  as  if  they  were 
the  low  note  from  which  the  har- 
monic series  was  originally  derived. 

In  taking  advantage  of  the  ear's 
characteristic  to  produce  the  ap- 
pearance of  low-frequency  repro- 
duction through  the  loudspeaker, 


lid.  1 — Application  of  Synthetic  Basi  to 
the  output  of  a typical  table-model 
radio-phonograph,  showing  essential 
additions  to  the  circuit 

the  system  also  augments  the  re- 
ceiver’s output  characteristic  to 
compensate  for  the  changes  in  fre- 
quency response  of  the  ear  with 
volume  level. 

The  ear’s  sensitivity  for  low  tones 
at  low  volume  is  relatively  less  than 
its  sensitivity  for  low  tones  at  high 
volume.  Thus  in  listening  to  low- 
level  reproduction,  to  the  ear  the 
set  appears  to  have  less  bass  output 
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The  modern  high  speed  grinder  can  perform  many 
tasks  that  are  impossible  with  the  old  fas  none 
grindstone.  Like  the  miniature  electronic  lube,  it  is 
a striking  example  of  the  modern  trend  ol  increa.  t < 

efficiency  with  reduced  size. 

TUNG-SOL  foresees  great  possibilities  in  the  use  of 
miniature  tubes.  In  most  circuits  miniatures  do  a 
better  job  than  large  tubes.  Their  lower  capacity 
and  high  mutual  conductance  and  their  shorter 
leads  with  resulting  lower  lead  inductance  make 
them  practically  essential  for  many  high-frequency 
applications. 

The  added  advantages  of  miniatures  are  their  small 
size  and  reduced  weight. 


m ore 
. . . in 


efficient 
miniature 


rUNG-SOL  engineers  will  be  ready 
to  assi?t  the  manufacturers  of  radio 
sets  just  as  they  have  assisted  the  Navy 
and  Signal  Corps  by  designing  and 

planning  circuits  and  selecting  tubes 

best  suited  to  give  the  most  efficient  performance. 

nlans  will  be  held  in  strictest  confidence. 


actual  sizk 


TUNG-SOL 

faffed  - 

electron  ic 


tubes 


ark  4,  jersey 

W TUNG-SOL  LAMP  WORKS  HeadlightJLamps  an*  Current  Interrttctors 

Also  Manufacturers  of  Miniature  Incandescent  Lamps,  A „ . 
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(continual) 


"THE  NOUSE  OF  RESISTORS" 


Standard  10  and  20 
watt  fixed  resistors. 
1-50,000  and  1-100,000 
ohms. 

Standard  adjustable  re- 
sistors. 25  to  200  watts. 
1-100,000  ohms.  Brack- 
ets furnished.  Addi- 
tional sliders  avail- 
able. 

Greenohms  feature  the 
exclusive  Clarostat 
cold-setting  inorganic 
cement  coating.  vWon't 
flake,  peel,  crack,  even 
under  serious  over- 
load. 

Greenohms  can  take 
an  awful  beating. 
Handle  heavy  over- 
loads without  flinch- 
ing. 


★ GREENOHMS — those  green-colored  ce- 
ment-coated  Clarostat  power  resistors — defi- 
nitely stay  put."  You  can  positively  bank 
on  their  resistance  value.  Proof?  The  fact  that 
they  are  now  found  in  the  finest  assemblies 
— quahty  instruments,  radio  transmitters 
electronic  equipment.  The  resistance  is  riaht 
to  start  with.  And  it  stays  right  even  after 
yoars  of  uso  and  abiuo. 

Recently  we  had  occasion  to  check  a batch 
a been  lying  around 

<*  - 

Greenohm  checked  "right  on  the™»  " JUid 


Available  in  widest 
range  of  windings,  ter- 
minals, mountings, 
taps,  etc.  on  special 
order. 


★ Submit  Your  Problem 
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than  at  higher  levels.  Or  putting  it 
another  way,  changing  the  volume 
—although  it  actually  does  not 
change  the  frequency  response  of 
the  receiver— nevertheless  gives 
the  ear  the  impression  that  the  fre- 
quency response  has  been  changed. 
Nor  is  this  effect  limited  to  actual 
changes  in  receiver  volume  setting; 
quiet  passages  of  music  will  be  re- 
produced with  apparently  less  bass 
< than  loud  passages. 

Circuit 

The  circuit  incorporates  auto- 
matic increase  and  decrease  of  the 
amount  of  effective  bass  response 
for  loud  and  soft  passages,  intro- 
ducing relatively  greater  bass  at 
low  volume  levels  than  at  high, 
thereby  counteracting  the  ear’s  loss 
in  bass  sensitivity  at  low  levels. 

The  circuit  is  shown  in  Fig.  1. 
Negative  feedback  in  the  output 
through  C3,  by  lowering  the  dyna- 
mic output  impedance  of  the  cir- 
cuit, damps  speaker-cabinet  reso- 
nance which  would  otherwise  be- 
come annoying  noticeable  with  the 
increased  bass  response  of  the  am- 
plifier-speaker system. 

Hum  voltage  from  the  positive 
high-voltage  source  is  introduced 
onto  the  screen  of  the  driver  tube 
in  such  a polarity  by  the  voltage 
divider  C,—C as  to  counteract  hum 
voltage  on  the  plate,  thereby  lower- 
ing the  hum  signal.  This  hum- 
bucking circuit  is  especially  neces- 
sary in  a circuit  whose  function  is 
to  increase  the  apparent  low-fre- 
quency response. 

Third  harmonic  of  the  fundamen- 
tal— necessary  to  give  the  aural  ef- 
fect of  the  fundamental — is  pro- 
duced by  positive  feedback  through 
the  network  R,-R,-R,-Ct.  The 
action  of  the  positive  feedback  can 
best  be  described  in  reference  to 
the  dynamic  plate  characteristic  of 
Fig.  2.  The  tube  is  biased  at  the 
symmetrical  mid-point  of  its  char- 
acteristic. Positive  feedback  from 
a s'£nal  that  has  been  affected  by 
the  tube’s  characteristic  serves  to 
emphasize  the  non-linearity  of  this 
characteristic.  If  however  the  sig- 
nal is  so  small  as  not  to  be  distorted 
in  passing  through  the  driver', 
there  will  be  no  increase  in  non- 
linearity. 

The  accentuation  of  the  nori- 
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But  we  can  tell  you  about  ALUMINUM  . . . 


Words  cannot  express  our  great  admira- 
tion for  the  amazing  accomplishments  and 
the  future  possibilities  of  electronics. 
Electronics  leaves  us  breathless. 

So,  we’re  content  to  leave  the  designing 
of  electronic  equipment  in  the  capable 
hands  of  those  who  know  how. 

But  when  it  comes  to  using  aluminum 
in  electronic  equipment,  that  is  where  we 
may  be  of  real  service.  Alcoa  Engineers 


have  a wealth  of  data  and  years  of  experi- 
ence in  using  aluminum  successfully  and 
economically  in  other  industries. 

Whether  it’s  a problem  of  light  weight, 
strength,  corrosion  resistance  or  a ques- 
tion of  the  most  economical  method  of 
fabricating  parts,  let  us  give  you  the  bene- 
fit of  our  experience. 

Aluminum  Company  of  America, 
2136  Gulf  Building,  Pittsburgh  19,  Pa. 
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RESISTANCE  PLUS 

From  the  tropics  to  the 
arctics -on  land,  sea  and 
in  the  air,  HARDWICK, 
HINDLE  resistors  and  rheo- 
stats are  serving  with 
distinction. 


HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

division  of 

THE  NATIONAL  LOCK  WASHER  COMPANY 

ESTABLISHED  1 8 86  ' 

Newark  5,  N.  J.,  U.  S.  A. 
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linearity  of  the  characteristic  is 
limited  to  low  frequencies  by  mak- 
ing the  positive  feedback  network 
a low-pass  circuit.  The  extremely 
non-linear  but  still  symmetrical 


FIG.  2 — Positive  feedback  accentuates 
non-linearity  of  the  transfer  character* 
istic.  increasing  generation  of  third 
harmonic  necessary  for  aural  appear- 
ance of  bass  response  of  small  speakers 

characteristic  produced  at  low  fre- 
quencies introduces  strong  third 
harmonics  of  these  low  tones. 

To  attenuate  the  strong  low-fre- 
quency fundamental  which  could 
overdrive  the  speaker,  the  plate- 
grid  coupling  capacitor  C,  is  made 
smaller  than  usual.  The  ratio  of 
C,  to  C,  determines  the  shape  of  the 
apparent  speaker  response,  es- 
| pecially  the  frequency  of  maximum 
apparent  response. 

Acoustic  Effect 

The  effect  of  the  strong  third 
harmonic  in  place  of  the  fundamen- 
tal is  that,  for  a speaker  which  does 
not  radiate  low  frequencies,  acous- 
• tic  output  (taking  into  considera- 
tion all  frequencies  present  in  the 
output)  is  actually  a rising  re- 
sponse as  frequency  is  reduced, 
thereby  compensating  for  aural  in- 
sensitivity at  these  low  frequencies, 
instead  of  a rapidly  falling  response 
obtained  if  the  speaker  is  required 
to  radiate  the  fundamental.  Acous- 
tic output  curves  illustrating  this 
bass  synthesis  and  the  volume- 
level  bass  compensation  previously 
described  are  given  in  Fig.  3. 

For  additional  information  the 
reader  is  referred  to  two  reports  of 
the  preliminary  disclosure  of  the 
technique  in  a review  of  Shepard's 
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and  cost  factors ! 


N-Y-T  engineers  are  now  in  a position  to  ex- 
tend close  collaboration  in  the  solution  of 
transformer,  choke  and  filter  problems  from 
blueprint  to  finished  product.  They  are  pre- 
pared to  design  special  components  for  specific 
applications  and  produce  them  promptly  at 
low  unit  cost.  This  unique  service  is  made  pos- 
sible by  the  specialized  engineering  and  pro- 
duction facilities  of  N-Y-T.  Our  engineers  are 
available  for  consultation. 

huftUtUa  to  “Dept.  li 

NEW  YORK  TRANSFORMER  CO 

26  WAVERLY  PLACE,  NEW  YORK  3,  N.  Y. 
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Start  with  any  I Jackson  Instrument 
to  Build  a Balanced  Testing  TEAM! 


Condenser  Tester 
Model  650 A — Measures  Capac- 
ity, Power  Factor  and  Leakage 


Sensitive  Multimeter 
Model  642 — 20,000  ohms  per 
volt — complete  ranges 


Electronic  Multimeter 
Model  645 — A new  Jackson 
instrument  of  advanced  design 


Tube  Tester 

Model  634 — Uses  exclusive 
Jackson  "Dynamic’ ' Test  Method 


Multimeter 

Model  643 — 1000  ohms  per  volt. 
Push  key  range  selection 


Test  Oscillator 

Model  640 — Accurate  to  lA%, 
covers  full  frequency  range 


It’s  A PLUS  value  of  the  Jackson  line.  Each  instru- 
ment is  engineered  and  manufactured  for  long 
accurate  life,  as  today’s  users  know  — but  every 
one  is  carefully  matched  in  appearance,  dimensions 
and  finish  as  well. 

Start  with  whichever  Jackson  instrument  you 
need  first.  Add  to  it  as  occasion  demands.  Your 
foresight  will  be  repaid  with  a matched  and  bal- 
anced set  of  instruments  built  to  give  you  testing 
results  that  you  just  can’t  get  with  hit-or-miss  as- 
semblies. Plan  now  to  equip  your  shop  with  these 
Jackson  instruments.  See  your  distributor. 


Sarvlc.  Lab 


Assembly  of 
Standard  Size 
Jackson 
Instruments 


BUY  WAB  BONOS  AND  STAMPS  TODAY 

Jackson 

@bne  S/ecAica/  tfebtinp  &mfatvmenfo 

JACKSON  ELECTRICAL  INSTRUMENT  COMPANY.  DAYTON.  OHIO 
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FIG.  3 — Relative  frequency -response 
curves  indicate  compensation  for  sar'i 
change  in  sensitivity-frequency  char- 
acteristic with  intensity  level  and  the 
aural  appearance  of  notes  below  the 
radiation  register  of  small  speakers. 
Normal  small-speaker  response  Is 
shown  by  the  dashed  line;  the  solid 
lines  indicate  the  apparent  response 
using  the  synthesized  bass  arrangement 

audio  system  in  Communicatim, 
p 14,  Nov  1941;  and  Electronics, 
p 31,  Dec  1941  in  which  an  early 
form  of  the  circuit  is  given.  The 
anticipated  use  for  home  radios 
and  phonographs  was  reported  in 
Radio  and  Television  Weekly,  p 6. 
April  18,  1945.  Three  patents  (2,- 
313,096;  2,313,097;  2,313,098)  as- 
signed to  Revelation  Patents  Hold- 
ing Co.,  33  W 60th  St.,  New  York 
City  23,  N.  Y.,  describe  the  several 
principles  of  the  circuit. 

• • • 

Tubes  Calibrate 
Heavy  Artillery 

The  battle  usefulness  of  Amer- 
ican heavy  artillery  was  extended 
by  new  electronic  equipment  used 
by  Army  Ordnance  teams  in  Italy 
and  Germany.  The  test  units,  in- 
stalled in  2J-ton  trucks  and  trans- 
ported right  up  to  the  battlefront, 
are  capable  of  measuring  the  speed 
of  projectiles  within  1/100,000  sec- 
ond. 

The  problem  was  to  determine 
the  velocity  or  speed  of  the  pro- 
jectiles of  guns  and  howitzers  that 
had.  been  in  service  for  several 
weeks  or  months,  as  compared  with 
the  velocity  of  new  artillery  pieces 
in  action  for  the  first  time.  When 
guns  of  different  ages  are  fired  to- 
gether at  the  same  target,  allow- 
ances have  to  be  made  for  each  used 
gun.  Figures  for  this  purpose 
were  provided  by  seven  ordnance 
calibration  teams  that  worked  on 
the  various  battlefronts. 

The  results  so  far  reported  show 
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constant  progress 

MARKS  ALLIED 
RELAY  DESIGN 


"BO"  POWER  RELAY 

The  "BO”  relay  « an  all-purpose 
double  pole  power  relay,  like 
other  Allied  types  it  is  ruggedly 
designed  yet  features  compact- 
ness and  minimum  weight.  This  re- 
toy utilizes  molded  Bakelite  insu- 
lation throughout.  Contact  rating 
is  15  amperes  at  24  volts  DC 
or  110  volts  AC  non-inductive. 
The  "BO"  relay  can  be  furnished 
iwmolly  open,  normally  closed  or 
double  throw  and  is  available  for 
either  AC  or  DC  service.  Weighs 
4 ounces. 

Height  1 length  1%" 
Width  1 13/32" 


"DO"  TYPES 
3 and  4 POLE 

The  “DO"  three  and  four  pole 
relay  is  similar  in  function  to  the 
"BO"  type  described  above.  It 
supersedes  the  old  three  and 
four  pole  type  and  features  such 
modifications  as  simplified  ter- 
minal arrangements,  adjustable 
contacts,  and  improved  mechanical 
structure.  By  using  molded  Bake- 
fite  insulation  throughout,  greater 
electrical  clearance  is  provided. 
Contacts  are  rated  at  15  amperes 
ot  24  volts  DC  or  110  volts  AC 
non-inductive.  Can  be  furnished 
normally  open,  normally  closed, 
double  throw  and  for  AC  or  DC 
service  as  specified.  Weight  for 
three  pole  type  7 oz.,  four  pole 
7%  oz. 

Three  pole  Height  2 Va  length 
1%**;  Width  1%M;  Four  pole 
Height  2!4";  length  2 1/16" 
Width  1%.". 
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ALLIED  CONTROL  COMPANY,  INC. 


Marking  time  or  "resting  on  lourels' 
in  no  way  reflects  Allied's  engi- 
neering and  business  philosophy. 
A specific  control  does  o good  job 
. . . but  can  it  be  improved?  Allied 
engineers  and  field  staff  check  its 
working  performance  . ,‘icek  pos- 
sibilities to  better  or  broaden  its 
usefulness. 

Thus  refinements,  revisions  and 
modifications  in  basic  types  of  re- 
lays come  obout — os  in  the  three 
and  four  pole  "DO"  and  the 
all-purpose  double  pole  BO 
types  described  herein.  Keeping 
pace  with  the  constant  engineering 
progress  of  manufacturers  whose 
products  require  electrical  control 
. . . anticipating  their  requirements 
. . . epitomizes  Allied’s  philosophy. 
Let  your  control  problems  become 
our  engineering  projects. 


TUBE  CALIBRATOR 


(continual 


• Because  of  their  exceptional  operating  efficiency  and 
uniform  frequency  response  characteristics,  Permoflux  midget  trans- 
former* have  literally  hundreds  of  practical  applications  where  size 
and  weight  are  determining  design  factors.  Developed  by  Permoflux 
engineers,  with  new  materials  and  manufacturing  methods,  they 
are  available  unshielded,  shielded  or  hermetically  sealed  for  your 
specific  requirements.  Why  not  let  us  design  a unit  for  you? 


Permoflux  Speakers  Assure 
the  Best  in  Tone  Reproduction 

Their  wide  frequency  response,  ex- 
treme sensitivity  and  rugged  mech- 
anical design  have  established  new 
concepts  of  tone  realism.  Permoflux 
speakers  in  sizes  from  2'  to  15',  with 
power  handling  capacities  from  1 
to  20  watts,  are  available  for  your 
post-war  developments. 


PIONEER  MANUFACTURERS  OE  PERMANENT  MAGNET  DYNAMiC  TRANSDUCERS 


PERm#flux 

PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  ill. 


that  the  life  of  gun  tubes  is  much 
longer  than  previously  assumed 
In  the  past,  gun  crews  discarded 
gun  tubes  rather  frequently  be- 
cause they  had  no  knowledge  of 
the  efficient  life  of  a tube  and  could 
not  afford  to  take  chances.  The 
electronic  calibration  units  supply 
data  on  the  condition  of  the  tubes 
and  helps  reduce  the  artillery  sup- 
ply problem  so  serious  in  the  Pacific, 


Postwar  Prospects  for  Modn- 1 
lated  Pulse  Transmission 

After  nine  years  of  research, 1 
pulse  time  modulation  (PTM)  has 
been  announced  by  Federal  Tele-  | 
phone  and  Radio  Laboratories.  The 
new  system  makes  it  possible  to  ! 
broadcast  as  many  as  12  different 
programs  simultaneously  from  t 
single  radio  transmitter  operating 
on  one  frequency  channel. 

At  the  same  time  that  it  effects 
economy  in  transmission  and  sim- 
plifies and  improves  the  efficiency 
of  reception,  it  provides  static-min- 
imized reception  of  sound  broad- 
casting. 

Pulse  time  modulation  receivers 
receive  all  radio  programs  on  one 
frequency  channel  and  are  equip 
ped  with  pushbutton  circuits  to  sep- 
arate each  program  after  it  is  re- 
ceived. PTM  transmissions  differ 
enough  from  static  to  permit  a 
PTM  receiver  to  filter  out  noise. 

The  new  system  has  been  named 
PTM  because  the  radio  signals  are 
transmitted  in  the  form  of  short 
pulses,  accurately  timed.  The  time 
intervals  between  pulses  in  the  new 
system,  since  it  operates  on  very 
high  frequencies,  are  extremely 
minute.  Insertion  of  separate  syn- 
chronizing pulses  permits  more 
than  one  program  to  be  transmitted 
on  a single  channel.  Reception  of  a 
particular  program  is  accomplished 
by  synchronizing  the  receiver 
through  this  pulse.  Other  Pr0" 
grams,  transmitted  with  differently 
synchronized  pulses,  are  received 
by  readjusting  the  synchronization 

in  the  receiver. 

Advantages 

Pulse  time  modulation  is  ex- 
pected to  have  an  application  in  tel- 
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Your  inquiry  will 
receive  our  prompt 
attention. 


HUNTINGTON  19  • WEST  VA. 
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for  glass  to  metal  sealing 

We  offer  you  the  services  of  an  expert  staff  of  glass 
technicians  who  have  a pre-war  background  in  the  manu- 
facture of  special  purpose  glasses,  and  a war-bom 
experience  and  performance  record  in  meeting  cntical 
tolerance  requirements  for  special  shapes  to  exacting 
physical,  electrical  and  chemical  specifications. 
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Presents  New 


For  Postwar  Magnetic  Receivers 


New  wonder  of  the  scientific  world 
is  today’s  mastery  of  the  reception 
and  control  of  sound  communication 
through  electronics. 

It  is  noteworthy  that  in  this  almost 
magical  field  TELEX  continues  to 
lead  the  way  with  midget  Magnetic 
Receivers  that  set  new  standards  in 
high-fidelity  reception  and  “Every- 
Syllable”  clarity. 

From  TELEX  Laboratories  came 
the  first  wearable  vacuum  tube  crys- 
tal hearing  aid  to  provide  hitherto 
unobtainable,  near  natural,  balanced 
hearing  for  the  deafened. 

All  through  the  war,  as  you  would 
expect,  TELEX  has  furnished  the 
Signal  Corps  thousands  upon  thou- 
sands of  midget  Magnetic  Receivers 
for  grueling  combat  uses. 


From  lessons  learned  through  this 
rich  experience,  TELEX  today  con- 
tinues to  pioneer  with  the  newest  and 
most  advanced  refinements  and  im- 
provements in  Magnetic  Receiver 
construction  and  application. 

For  such  postwar  products  as  wear- 
able radios,  airport  and  airplane  re- 
ceivers, I.  C.  systems  for  railroads, 
telephone  equipment,  dictating 
equipment,  medical  equipment, 
sound  research  equipment,  can  you 
use  the  high  sensitivity  and  complete, 
brilliant  clarity  possible  under  all 
atmospheric  conditions  with  TELEX 
Magnetic  Receivers? 


the  demonstrated,  creative  a 
of  TELEX  Engineers  can  be  i 
valuable  assistance. 


TELEX 


INC. 


ELECTRONIC  PRODUCTS  DIVISION 

MINNEAPOLIS  I,  MINNESOTA 


evision,  since  both  the  video  and 
audio  signals  may  be  transmitted 
on  the  same  carrier,  thus  effecting 
economy  in  transmitting  equip- 
ment and  the  amount  of  space  oc- 
cupied in  the  frequency  spectrum. 
Where  radio  signals  are  repeated 
number  of  times — as  in  network 
broadcasting — or  in  long-distance 
radio  relaying — efficiency  is  im- 
proved and  operating  difficulties 
are  minimized  with  PTM  because 
signal  distortion  is  not  cumulative, 
as  it  is  with  conventional  methods. 


Deloralne,  E.  M.  and  Labin.  E.,  Puls* 
Time  Modulation,  Electronics,  p.  100. 
Jan.  1945. 


• • • 


A retractable  c-r  tube  is  featured  in  the 
television  receiver  recently  announced 
by  Allen  B.  DuMont  Laboratories.  H 
works  as  shown  above,  controlled  by 
pushbutton  through  a motor  drive.  Ap- 
pearance of  the  20-in.  teleset.  a-m/f-n* 
and  phonograph  combination  is  as  be- 
low. Also  shown  was  a projection 
model  of  similar  design  which  threw, 
a 3 by  4 ft  picture 


C*  - ELECTRONICS 

Digitized  by  VjOOVIV 


248 


I 


heard  about  this  coming  new 

farm  type  radio  battery? 


1 


SAME  SERVICE  LIFE 


No.  748  1 '/i-volt  "A,"  90-volt  "B"  A-B  Pack. 
Dimensions,  15  13/16"x6  15/16"x4  15/32' 
Weight,  23  lbs.,  11  oz. 


No.  758  l'/i-voit  "A,"  90-volt  "B“  A-B  Pack. 
Dimensions,  1 0 1 1 / 1 6"  x 6 1 3/ 1 6"  x 4 1 /8". 
Weight,  16  lbs.,  13  oz. 


J 


It  will  be  much  more  than  just  a “smaller”  battery! 
For  the  first  time,  an  “Eveready”  "Mini-Max"  B bat- 
tery will  become  part  of  a farm-type  radio  A-B  Pack. 
As  a result,  you’re  going  to  see  a 30%  smaller,  30% 
lighter  “Eveready”  “Mini-Max”  farm  type  battery  pack 
with  the  same  service  life  as  the  conventional  pre-war 
Packs,  such  as  our  own  “Eveready”  No.  748  A-B  Pack. 

Think  what  this  means!  Smaller,  less  expensive 
radios . . . more  easily  carried  from  room  to  room  . . . can 
be  built  around  it.  Or-  farm  radios  of  present-day  size 
with  larger,  better  speakers  using  space  formerly  taken 
up  by  bigger  batteries  having  no  greater  service  life. 

These  and  other  advantages  will  mean  more  profits 
m both  radio  and  battery-pack  sales  for  you! 

The  name  of  the  batterjr  is  “Eveready”  No.  758  A-B 
Pack.  It  will  take  its  place  on  a growing  list  of  startling 

ELECTRONICS— J,IY  IMS 


postwar  “Eveready”  batteries.. 


based  on  National  Car- 


bon’s exclusive  principles  of  battery  construction . 
in  the  “Mini-Max”  battery. 


sused 


"EVEREADY 

TRADEMARK* 


// 


^INI-MAX 

radio  "B"  batteries 

national  carbon  company,  INC. 

Unit  of  Union  Carbide  and  Carbon  Corporation 

urn 

General  Offices:  New  York,  N.  Y. 

J . ,.Fv._.dy"  and  "Mini-Max”  di.tmguiah  product,  of 

Th.  trade-mart.  Eveready  Inc. 
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Calculation  of  Distortion  Due  to  Phonograph  Needle  Wear . . . 2S0 


Subsurface  Prospecting  for  Hydrocarbon  Oil  Sands 252 

Five  Radio-Frequency  Bridge  Circuits. 264 


Calculation  of  Distortion  Due  to  Phonograph  Needle  Wear 


The  degree  of  distortion  and  loss 
of  highs  as  a result  of  phonograph 
needle  wear  are  discussed  in  con- 
siderable detail  by  B.  B.  Bauer  of 
Shu  re  Brothers  in  the  Journal  of 
the  Acoustical  Society  of  America 
for  April,  1945.  Emphasis  is  placed 
on  the  fact  that  the  needle  does  not 
long  remain  spherical  but  tends  to 
develop  “flat”  spots  at  the  point  of 
contact  with  the  record  groove. 
Host  theoretical  papers  on  this 
problem  have  assumed  that  the  nee- 
dle has  a spherical  point  which 
does  not  change  with  use. 

It  is  pointed  out  that  a spherical 
point  initially  penetrates  into  the 
surface  of  a shellac  record  to  a 


Fig-  1 — Side  view  of  worn  needle  point 
•howing  the  flattened  portion 


depth  of  approximately  0.0001  inch 
under  a pickup  force  of  one  ounce. 
After  a few  revolutions  of  the  rec- 
ord, there  is  considerable  abrasion 
at  the  portion  which  presses  most 
deeply  into  the  record  and  this 
tends  to  even  out  the  spherical  sur- 
face. Because  of  the  pivoting  of  the 
tone  arm,  the  flat  exhibits  a slight 
curvature. 

Difficulty  was  had  in  measuring 
the  size  of  the  flat  since  there  is  no 
sharp  line  of  demarcation  between 
the  worn  section  and  the  spherical 
portion.  The  method  finally  adopted 
consisted  of  directing  a distant 
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source  of  light  perpendicularly  to 
the  flattened  portion  and  observing 
the  needle  tip  under  a medium 
power  microscope  (100  to  200x). 
Light  is  reflected  from  the  worn 
surface  as  a straight  line  which  is 
measured  using  a calibrated  eye- 
piece. The  width  of  the  flat  can  be 
determined  with  a precision  of 
0.0002  to  0.0003  inch.  The  side  view 
of  a typical  needle  point  with  a 
0.0025-inch  flat  is  shown  in  Fig.  1. 

The  size  of  the  flat  developed  on 
three  needles  of  different  types  as  a 
function  of  the  playing  time  is 
shown  in  Fig.  2.  Popularly  priced 
10-inch  commercial  shellac  records 
and  one-ounce  pickups  were  used. 
It  was  noted  that  considerable  vari- 
ation existed  within  a class  because 
of  the  use  of  different  alloys,  jewels, 
etc. 


tion  imparted  to  the  needled  point 
by  each  groove  wall  separately  was 
studied.  The  results  were  then  com- 
bined later  to  obtain  the  complete 
equation  of  motion.  As  a result  of 
mathematical  analysis,  it  was  found 
that  distortion  attains  very  large 
values  before  there  is  a substan- 
tial reduction  in  the  output  level  of 
the  fundamental  component  This 
contradicts  the  common  belief  that 
the  principal  effect  of  needle  wear 
is  a loss  in  high-frequency  re- 
sponse. 

Fourier  coefficients  for  calcula- 
tion of  needle  wear  distortion  are 


Fig.  3 — Fourier  coefficients  lor  calcula- 
tion of  distortion  due  to  needle  wear 


Method  of  Analysis 

A technique  similar  to  that  used 
by  Pierce  and  Hunt'  was  used  for 
analysis.  In  this  method,  the  mo- 


given.  These  indicate  that  the  dis- 
tortion due  to  needle  wear  in  a hill- 
and-dale  system  is  of  the  same  na- 
ture as  that  which  occurs  at  a sin- 
gle side  wall.  Similarly,  the  same 
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OHMIT  „„c 

RHEOSTATS  and  RESISTORS 


200  KW 


\ \ 

\ \ 

\ \ 

\ \ 


RESISTORS  • TAP  SWITCHES 


From  six  of  the  world’s  mightiest 
shortwave  stations,  the  ' Voice  of 
America"  shoots  "bullets  of  truth”  to 
combat  enemy  lies.  These  transmit- 
ters, 200  KW  each,  located  in  Bethany, 
Ohio,  were  designed  and  built  for  the 
OWI  by  the  Crosley  Corporation. 

The  two  interior  photo-views  of  one 
transmitter  reveal  more  than  60 
Ohmite  Resistors  of  various  sizes  . . . 
and  one  Ohmite  Tandem  Rheostat 
assembly. 

The  knowledge  and  experience 
that  enabled  Ohmite  to  "produce”  on 
this  psychological  warfare  job  is 
at  your  service  in  solving  resistance 
problems  . . . today  and  post-war. 

OHMITE  MANUFACTURING  COMPANY 

4816  FLOURNOY  ST.  • CHICAGO  44,  U. S.  A. 


« 


W rite  on  company  letter - 
head  for  helpful  Catalog 
and  Engineering  Manual 
No.  40.  Gives  valuable 
data  on  resistors,  rheo- 
stats, tap  switches,  chokes 
rrd  attenuators. 
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Th«  fln»  electronic  instruments  shown  obove  ore  exnmnl..  „i  u.. 

(hot  characterizes  all  ANDREW  equipment  Dellaned  o H h it  p,<’du',lor 

ANDREW  CO.  electron, c equip  „ V ^ 

apparatus  is  needed,  ld  °V*'  wt,"ev<"  ■peclallzed 

OTm  40A  PHASE  METER— This  direct  reading.  precision  

deg,..,  the  phase  angle  between  currents  in  radiating  element,  „l  a directional 
antenna  system.  „ operate,  on  a signal  input  enly  J00  millivolt,  ond  ma 
also  be  used  for  general  laboratory  work.  ay 

cThPt  2,’hHh?SCaiATOB~Thi‘  PO,,abl'  b°"*^  « oscillator  „ „„d  fot 

©checking  high  frequency  receivers,  especially  aircraft  tvoe  Th.  t " * 

tram  49  to  ,54  Me.  with  modulation  frequencies  of  70.  90,  400  U00  InTaODO 
cycles.  This  unit  contains  a collapsible  whip  antenna  for  checkina  ’ • - 3°°° 

■ • ■•••«  JuJ'Z'SZ 


0 


TYPE  708  REMOTE  ANTENNA  AMMETER— This  unit  contain, 
a DC  micro-ammeter  calibrated  in  RE  amperes,  and  is  used  ^ W''h 

tenna  current  at  a paint  remote  from  the  antenna  Tk  • nd"0,'ng  on- 

hundred,  of  broadcast  stations.  ' ^ '*  “«*d  by 

TYPE  740  ANTENNA  TUNING  UNIT-Thl,  is  used  for  couallna  , , 

into  a single  receiver,  or  for  coupling  a single  antenna  into  a number^ 

Containing  six  RF  amplifier,  with  an  associated  power  suonl  1 "*• 

stage  in  this  unit  has  law  impedance  input  and  output  circuits  Th  °mpll,i'r 
series  connected  for  use  with  a single  receive,  or  antenna  Th:  "!  m<’)'  b“ 

especially  useful  where  antennas  are  remotely  located  from  rece'  eq“  Pm"”  i! 


z:rh°’ 

“ ""‘""r  restrictions  aZ’lllZd. 


type  of  distortion  in  a lateral  sys- 
tem is  like  that  in  a single  side  wall, 
except  that  even  harmonics  tend 
to  cancel  out.  Such  cancellation 
could  not  be  perfect  unless  the  two 
needle  flats  are  identical. 

Calculations  are  carried  out  in 
some  detail  using  Fig.  3 in  estimat- 
ing distortion.  Measured  values  of 
distortion  compare  favorably  with 
those  calculated. 

• • • 

Subsurface  Prospecting  for 
Hydrocarbon  Oil  Sands 

An  instrument  for  determining 
the  presence  of  hydrocarbon  oil 
sands  or  oil  bearing  formations  by 
electronic  means  is  the  subject  of  a 
patent  issued  to  Donald  G.  Hare  of 
Houston,  Texas,  and  assigned  to 
Texaco  Development  Corporation. 

In  the  proposed  method,  fast  neu- 
trons are  caused  to  be  emitted  and 
passed  into  the  formation  around  a 
hole  drilled  in  the  earth.  Some  of 
the  neutrons  after  being  scattered 
in  the  formation  return  to  the  sur- 
veying device  to  cause  an  indication 
of  the  variation  in  the  types  of  for- 
mation through  which  the  hole  is 
drilled.  A source  of  penetrative 
gamma  rays  which  may  be  associ- 
ated with  a neutron  source  is  low- 
ered into  the  hole  and  these  rays 
are  scattered  by  the  formations 
through  which  the  hole  has  been 
drilled,  a certain  number  of  these 
rays  then  returning  to  the  instru- 
ment. 

The  instrument  is  provided  with 
a suitable  detector  such  as  a Geiger- 
Muller  counter  or  ionization  cham- 
ber. The  amount  of  radiation  scat- 
tered back  to  the  instrument  will 
vary  with  the  type  of  formation  ad- 
jacent to  the  instrument  according 
to  well  known  physical  laws  and 
thus  by  measurement  of  the  inten- 
sity of  this  scattered  radiation,  in- 
formation may  be  obtained  as  to 
the  nature  of  the  formations. 

Emission  Source 

The  surveying  instrument  com- 
prises a substantially  closed  cas- 
ing which  is  arranged  to  be  low- 
ered and  raised  through  the  hole. 
The  casing  contains  a suitable 
source  of  gamma  rays  and  neu- 
trons such  as  a tube  in  which  is 
sealed  a mixture  of  a small  amount 
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Ill  BALLENTINE 

RECORD  CHANGER 

Jfj'  :'  lv  . 

Z~-'  ■ : -• 

The  BALLENTINE  Changer  is  engineered  to 
provide  trouble-free,  dependable  operation,  safe  from  careless 
or  accidental  usage.  It  is  the  result  of  exhaustive  research, 
expert  technical  design  and  skilled  craftsmanship.  The 
BALLENTINE  Record  Changer  assures  complete  customer 
satisfaction,  free  from  mechanical  annoyances  so  frequently 
found  in  ordinary  record  changers.  Available  in  three  models 
to  fit  your  requirements. 

RUSSELL  ELECTRIC  COMPANY 

364  W.  Huron  Street,  Chicago  10,  Illinois 

■ 

Manufacturers  of 

BALLENTINE  RECORD  CHANGER 
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of  a radium  sulfate  or  chloride  i 
a considerably  larger  quantity  i 
finely  powdered  beryllium  meta 
A detector  for  the  detection  of 
gamma  rays  only  is  also  disposed 
within  the  casing  and  is  separated 
from  the  source  by  a suitable  shield 
of  lead. 

The  detector  used  for  detecting 
gamma  rays  to  the  exclusion  of 
neutrons  may  be  such  a device  as  a 
Geiger-Muller  tube,  operated  at  a 
potential  sufficiently  high  so  that 
the  electrons  emitted  by  the  inter- 


-qp-  ELECTRICAL 

Series  or  shun!  wound 
Unidirectional  or  reversible 
High  starting  torque 
low  starting  current* 
low  RF  interference 
Armature  and  field  windings 
Varnish  impregnated  and  baked 


MECHANICAL 

Completely  enclosed 
Adaptable  for  any  mounting 
Laminated  field  poles 
Stainless  steel  shaft 
Two  precision  ball  bearings 
Mica  insulated  commutator 
Permanent  end  play  adjustment 


1600  FRAME  MOTORS 

Series 

Watts  Output,  Int. 

(max.) 

22 

Watts  Output,  Con. 

(max.) 

Torque  at  8500  RPM 

(in.  oz.) 

3 

Torque  at  5800  RPM 

(in.  oz.) 

4.5 

Lock  Torque 

(in.  oz.) 

12 

Volts  Input 

(min.) 

5 

Volts  Input 

(max.) 

32 

Shaft  Diameter 

(max.) 

.250" 

Temperature  Rise 

50°C. 

Weight 

12  oz. 

1501  W-  Congress  St.,  Chicago,  U S A 

DYNAMOTORS  • D.  C.  MOTORS  • POWER  PLANTS  . CONVERTERS 

Export:  Ad  Auricma,  8 9 Broad  St.,  New  York  USA  r u " ' J 

’ Cable  Aunt-mo.  New  York 


Two  devices  for  lowering  into  bore 
holes  for  determining  the  nature  of  the 
surrounding  earth  formation.  A source 
of  gamma  rays  and  neutrons,  S,  pro- 
duces emissions  which  are  picked  up 
by  detectors  N and  G 


action  of  a gamma  quantum  with ^ 

the  tube  wall  will  cause  the  tube  to 
discharge.  Within  the  upper  part 
of  the  casing  is  a detector  adapted 
for  the  detection  of  neutrons  only 
and  this  detector  is  also  separated 
from  the  source  by  means  of  a 
shield.  The  shields  tend  to  prevent 
direct  radiation  from  the  source 
from  reaching  the  two  detectors. 
The  shield  for  preventing  neutrons 
from  passing  directly  from  the 
source  to  the  detector  may,  if 
detector  is  such  as  to  respond  to 
slow  neutrons  only,  be  a sheet  of 
cadmium  or  other  substance  or  a 
combination  of  cadmium  and  boron 
having  a high  capture  cross-section 
for  slow  neutrons. 

If  desired  to  have  the  detector 
respond  to  both  fast  and  slow  neu- 
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The  power  output  of  this 
precision  motor  is  excep- 
tionally high  in  proportion 
to  its  light  weight  and 
small  size.  Originally 
developed  for  numerous 
aircraft  and  portable 
applications,  the  charac- 
teristics of  its  performance 
can  readily  be  modified 
for  a variety  of  new  uses. 


SKYWAY  T torque  wrench  - felted  and 
by  Hit  Army  Air  Force*.  An  abtolut*  torque  limiting 

action  incorporating  a ratcheting  inott  rot  production 
Range  in  iwo  models,  C-  35  Inch  pounds  and 

26  ■ 90  Inch  pounds. 


THE  TORQUE-TITE,  featuring  torque  colibrotloni  in  INCH 
OUNCES  for  use  on  small  screw,  nut  ond  bolt  fasteners. 
Again,  torque  limiting  to  insure  positive  tightening.  Range: 
0 - 10  Inch  pounds. 


I 

I 

is'  I 


tl 


A 


“SMHIfi  TESTER.  For  production  as  well  as  laboratory 
losts".  Fast  ond  accurote  indicating  minimum  and  maxi- 
•um  spring  values  with  one  sotting.  Flash  of  green  or  rod 
light  indicators  give  an  instant  signal  of  these  values. 
Snnsitir*  and  accurate  within  less  than  250  milligrams. 


THE  STANDARD  TORQUE  METER  approved  by  our  Army  Air 
Forces  and  the  Navy  for  use  in  accurately  checking,  or  call, 
broting  any  type  torque  wrench.  Models  provided  for  any 


desired  range  of  calibrations. 


PRECISION  TOOL  COMPANY 

3217  Cositas  Ate.,  Los  Angeles  26,  Calif. 


•WtSERTHHEfc  SEATTLE  • CX1CAU  • BETROTT 

aECT*0NICS  -*/, 


NEW  YORK  • BALTIMORE  • HHLABELPBIA  • IRBIARAPOUS 
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To  Meef  Your  Specifications 


PERFORMANCE  is  the  real  measure  of  success  in  winning 
the  war,  just  as  it  will  be  in  the  post-war  world.  New  and 
better  ideas — production  economies— speed— all  depend  upon 
inherent  skill  and  high  precision  . . . For  many  years  our 
flexible  organization  has  taken  pride  in  doing  a good  job  for 
purchasers  of  small  motors.  And  we  can  help  in  creating  and 
designing,  when  such  service  is  needed.  Please  make  a note 
of  Alliance  and  get  in  touch  with  us. 


Remember  Alliance! 

—YOUR  ALLY  IN  WAR  AS  IN  PEACE 


ALLIANCE  DYNAMOTORS 

Built  with  greatest  precision  and 
’’know  how”  for  low  ripple— high  effi- 
ciency-low drain  and  a minimum  of 
commutation  transients.  High  produc- 
tion  here  retains  to  the  highest  degree 
all  the  "criticals”  which  are  so  im- 
portant in  airborne  power  sources. 


ALLIANCE  D.  C.  MOTORS 

Incorporate  precision  tolerances 
throughout.  Light  weight— high  effi- 
ciency-compactness. An  achieve- 
ment in  small  size  and  in  power-to- 
weight  ratio.  Careful  attention  has 
been  given  to  distribution  of  losses 
as  well  as  their  reduction  to  a minimum. 


trons,  the  shield  may  consist  of  10 
to  20  cm  of  a hydrogenic  material 
such  as  paraffin,  for  slowing  down 
the  neutrons,  followed  by  a layer  of 
cadmium  or  other  substance  asde-  L 
scribed  above.  Such  a thickness  of 
paraffin  will  slow  down  practically 
all  the  neutrons  to  an  energy  suit- 
able for  their  capture  by  a cadmium 
shield.  The  detectors  may  be 
Geiger-Muller  counters,  or  ionisa- 
tion chambers,  and  may  be  con- 
nected to  suitable  amplifiers  to  actu- 
ate indicating  or  recording  instru- 
ments at  the  surface. 

Gamma-ray  Detector 

Since  the  number  of  gamma  rays  « 
scattered  per  unit  volume  will  de- 
pend on  certain  physical  properties 
such  as  density  and  atomic  number 
of  the  substances  making  up  the 
formation,  by  measuring  the  num- 
ber of  such  gamma  rays  scattered  I 
back  to  the  detector  we  can  obtain 
valuable  information  concerning 
the  nature  of  the  formation  adja- 
cent to  the  instrument.  Thus,  as 
the  device  is  moved  along  the  bore 
hole  from  point  to  point,  changes 
will  be  noted  in  the  intensity  of  the 
gamma  rays  scattered  back  to  the 
detector  and  these  changes  may  be 
correlated  with  the  types  of  forma- 
tions through  which  the  bore  hole 
has  been  drilled.  A continuous  sur- 
vey may  be  made  of  a bore  hole  and, 
since  the  gamma  rays  are  little  in- 
fluenced by  the  presence  of  iron  or 
steel  in  the  hole,  the  device  can  be 
used  with  success  in  the  logging  of 
holes  containing  casing  or  drill  pil*- 

Neutron 

The  neutron  detector  is  included 
to  pick  up  those  neutrons  which  are 
scattered  and  returned  to  the  in- 
strument in  a manner  similar  to 
that  in  which  the  gamma  ray  de- 
tector operates.  With  this  arrange- 
ment, additional  information  may 
be  obtained  such  as  the  presence  or 
absence  of  hydrogenic  substances  in 
the  structure  of  the  formations. 
This  is  particularly  true  if  the  de- 
tector is  capable  of  differentiating 
between  fast  and  slow  neutrons, 
thus  detecting  those  which  have 
been  slowed  down  by  collision  with 
hydrogen  nuclei.  Such  a detector 
may  be  a boron-trifluoride  ioniz*" 
tion  chamber. 

A modification  of  the  unit  which 
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8.  LOW  RESISTANCE  ROT- 
OR  CONTACTS  Of  IONO 
LIFE,  PHOSPHOR  BRONZE, 
SPRING  MATERIAL 

rn233S&  j'*' 


10.  THICK,  ROUNDED  EDGE, 
ALUMINUM  PLATES  FOR 
MECHANICAL  STABILITY 
AND  INCREASED  VOLTAGE 
BREAKDOWN. 


1.  REMOVABLE  BRACKETS 
FOR  MOUNTING  COILS  ON 
TOP  OR  MOUNTING  CON- 
DENSER INVERTED 


9.  STATORS  MOUNTED  ON 
TOP  SIDE  FOR  LOW  STRAY 
CAPACITY 


7.  GRADE  L4  STEATITE 
LOW  LOSS  INSULATION 
CORRECTLY  PLACED  FOR 
LONG  LEAKAGE  PATH  AND 
SMALL  DIELECTRIC  LOSS 


2.  STAINLESS  STEEL, 
GROUND  STOCK,  SHAFTS 


SS***"  \ 6.  HEAVY  ALUMINUM 

\ FRAME  RODS  FOR  TOR- 

, \ SIGNAL  RIGIDITY. 


v"- ■ / ■ 

3.  HEAVY  END  PLATES 
FOR  STRENGTH 


4.  PERFECTLY  ALIGNED 
ROTOR  SHAFTS  FOR  CALIB- 
RATION ACCURACY 


5.  CENTER  CONTACT  BE- 
TWEEN SECTIONS  FOR 
SHORT  R.  F.  LEADS 


C - Plato  (pacing  .125“  - .500“ 

Maximum  from*  dimon(ion*  5%"*5-lJ  32“ 

D - Plata  (pacing  O»0”  - 250” 

Maximum  frama  dimantions  4V4“  x 4“ 

E - Plata  (pacing  .045“  .125' 

Maximum  frama  diman(ion(  2%“x2-19  32" 

H - Plata  (pacing  030“  & .050“ 

Maximum  frama  diman(ion(  I'/V*  4 1-9  16“ 


Type  »F“  (ingla  and  dual  condan(ar(  ara  ttockad 
with  plata  (pacingc  of  .045  to  .075"  in  19  diffarant 
models.  Maximum  capacity  ranga  it  from  34  mmf. 
to  255  mmf.  and  tha  rotio(  of  maximum  to  minimum 
run  from  7:1  to  15:1.  Maximum  frama  diman(ion» 
16“  by  2". 
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SIMPLE  - ACCURATE 
Positive  Adjustment 

Angle  adjustment  in  min- 
utes by  micrometer  reading, 
determined  by  chart. 
Eliminate  complicated  ver- 
nier reading  . . . Enables 
V°u»°  meet  rigid  SIGNAL 
CORPS  SPECIFICATIONS  in 
minutes  of  o degree. 

* WRITE  TODAY  FOR 
DETAILS  and  PRICES 


VOLKEL  BROS. 

MACHINE  WORKS 

1943  West  Manchester  - Los  Angeles  44,  Calif 


Designers  and  Manufacturers  of 

SPECIAL  DEVICES  6>  EQUIPMENT 


MEW 

ANGLE  CORRECTION 
CRYSTAL  EDGING 
MACHINE 

CORRECTS  "X"  AXIS  IN  MINUTES  OF  A 
DEGREE  TO  MEET  SIGNAL  CORPS  SPECIFICATIONS 
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employs  three  detectors  is  also 
shown  in  the  accompanying  illus- 
tration. This'  arrangement  is  de- 
signed for  detecting  the  change  in 
penetrating  power  or  hardness  of 
the  gamma  radiation  caused  by 
scattering  in  the  formation.  Two 
gamma-ray  detectors  are  employed, 
one  being  well  shielded  to  provide 
selective  absorpion  as  a function  of 
wavelength  of  the  radiation  while 
the  other  is  unshielded.  The  shield 
around  the  detector  decreases  the 
intensity  of  the  less  penetrating 
gamma  radiation  and  permits  the 
detector  to  record  principally  the 
radiation  which  has  been  least  af- 
fected by  the  scattering  process. 
Comparison  of  the  intensity  regis- 
tered by  the  two  detectors  provides 
information  regarding  the  scatter- 
ing processes  and  thus  of  the  type 
of  formation  doing  the  scattering. 


Five  Radio-Frequency 
Bridge  Circuits 

The  following  SERIES  of  radio- 
frequency bridges  have  been 
developed  by  the  British  Broad- 
casting Corporation  during  the 
past  ten  years  and  a more  detailed 
description  of  them  was  given  by 
H.  L.  Kirke,  head  of  the  research 
department,  in  delivering  the  chair- 
man’s address  for  1945  of  the  IEE 
radio  section.  They  are  all  types 
that  have  been  well  proved  by  long 
usage  in  the  field  and  laboratory. 

A short-wave  admittance  bridge 
is  shown  in  the  schematic  of  Fig.  1- 
Reactance  balance  is  obtained  by 


Tig.  I — Short-war.  admittance  badae 
lor  Hold  u»®.  RsiUtor  8,  U the  itandard 
reiUtor  and  re.lstors  8,  and  8,  are  u»*d 
to  balanc.  the  maximum  value  ol  Hi- 
Reiiiton  8,  or.  the  ratio  armi  ol  the 
bridge 
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The  development  of  this  variable  frequency  motor 

represents  a real  advance  in  the  art  of  motor  > 

engineering.  It  is  typical  of  the  abilities  of  Eastern  t 

Air  Devices  where  unusual  research,  engineering,  'f. 

tool  making  and  production  skills  combine  to  build 

special  products  for  which  no  specifications  exist. 

We  invite  engineering  problem  inquiries. 

EASTERN  AIR  DEVICES,  INC. 

585  Dean  Street  * Brooklyn  17,  N.  Y. 

An  Affiliate  of  The  Fred  Goat  Co.,  Inc.,  Est.  1893 

MANUFACTURERS  OF  CONTROL  DEVICES  AND  COMPONENTS  FOR  ELECTRICAL,  ELECTRONIC  AND  MECHA 
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The  section  of  the  testing  department  shown  is  one 
of  the  most  important  divisions  at  Unionair,  now  pro- 
ducing  electrical  assemblies  solely  for  wartime  use. 


The  units  shown  have  been  approved  by  the  Inspec- 
tion Department  and  are  being  subjected  to  sustained 
electrical  tests  as  their  final  test  prior  to  shipment. 

This  department  may  be  yours,  soon  we  hope,  when 
we  can  put  its  knowledge  to  work  on  making  elec- 
trical assemblies  to  your  specifications. 

°ur  new.  Jboklet  titled,  "Electrical  Assemblies  made 
to  Customers'  Specifications”  is  available  on  request. 
Write  to:  Union  Aircraft  Products  Corp.,  Dept.  E 
245  East  23rd  Street,  New  York  10,  N.  Y. 

<- — — * 


Electrical  Assemblies  — Hydraulic  Fittings 
Conduit  Fittings  — Junction  Boxes 
UNION  AIRCRAFT  PRODUCTS  CORP  Mr,.,  , 

■ . York 
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the  ganged  differential  capacitors 
C and  resistance  balance  by  a veri- 
able  carbon  resistor.  Comparison 
of  the  unknown  quantity  and  the 
internal  standard  is  by  means  of  a 
three-winding,  dust-cored  trans- 
former. Two  of  the  windings  are 
used  differentially  to  produce  a null 
balance;  the  third  is  an  output 
winding  for  the  detector.  This 
bridge  is  particularly  valuable  in 
the  field,  due  to  the  rapidity  with 
which  it  can  be  used,  although  the 
accuracy  is  not  of  the  highest 
order. 

A medium  and  long-wave  admit- 
tance bridge  is  given  in  Pig.  2. 
This  bridge  is  somewhat  similar 
to  that  shown  in  Fig.  1 but  the  re- 
sistance ratio  arms  are  replaced  by 


Standard 


A *3  *2  »jA 


Unknown 


Fig.  2 — Medium  and  long-ware  admit- 
tance bridge.  Capacitor  Ci  is  the  stand- 
cad  and  Cg  is  a fixed  capacitor  which  is 
switched  in  for  inductance  measurement 

the  transformer  windings  used 
previously  for  the  same  purpose. 
It  uses  standards  consisting  of  a 
variable  capacitor  and  a variable 
resistor  in  parallel.  Normally  it 
measures  unbalanced  impedances 
but  can  handle  balanced  types  when 
converted  to  the  type  of  bridge 
shown  in  Fig.  1.  The  change  is 
carried  out  by  means  of  a switch. 
Internal  standards  are  provided 
but  external  ones  can  be  used. 

Multi-Ratio  Bridge 

A medium  and  long-wave  multi- 
ratio admittance  bridge  is  shown 
in  Fig.  3.  This  form  of  bridge  has 
been  designed  for  use  in  the  fre- 
quency range  from  15  kc  to  2 Me 
and  the  various  ratios  are  obtained 
by  tapped  transformers.  As  before, 
a resistor  and  a capacitor,  effec- 
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Solder-Seal  bushings  of  Zircon  Prestite  provide  a 

better  and  simpler  answer  to  any  problem  of  obtaining 
a hermetic  seal  between  the  bushing  and  the  casing  of 
eommunications  equipment. 

Solder-Sealing  joins  Zircon  Prestite  directly  to  the 
®etal  stud  to  form  a single  unit  that  can,  in  turn,  be 
P«rtly  soldered  to  the  case.  Perfect  hermetic  sealing 
* result : : ; sealing  out  damaging  dirtj  moisture 
ma  corrosive  atmospheres  : : : eliminating  oil  leakage 
‘ ' ' Pitting  operation  under  permanent  pressure 
to  stabilize  dielectric  strength. 


This  new  and  improved  Westinghouse  porcelain  . . . 

Zircon  Prestite  ; ; : is  mechanically  strong  and  imper- 
vious to  moisture.  It  has  a low-loss  factor  and  high 
resistance  to  heat  shock  (see  table).  Millions  of  Solder- 
Seal  and  Prestite  bushing  applications  are  in  war 
service  today  : : : proving  a ampler,  quicker,  more 
dependable  answer  to  bushing  problems  as  a result  of 
IS  years  of  Westinghouse  experience  and  engineering. 

For  complete  information  on  Solder-Seal  and  Zircon 
Prestite,  write  to  Westinghouse  Electric  Corporation, 
P.  O.  Box  8684  Pittsburgh  30,  Pennsylvania,  j-05155 
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OFFICES  EVERYWHERE 


COMMUNICATIONS 

!®oipmint 

Ionics -uy  194S 


CHARACTERISTICS  OF  ZIRCON  PRESTITE 


PRESTTTE 

•Zircon 

Prestite 

High- 

Tension 

Porcelain 

3.68 

2.4 

0.00 

0.00 

None 

None 

5.3  x 10  -• 

12.000 

5,000 

90.000 

48.000 

25,000 

, 11,000 

17,800 

6,000 

Specific  Gravity 

water  Absorption,  in  % 

Dye  Penetration 

•Linear  Coeff  of  Thermal  Expansion  (20 

to  7000  deg  C)  per  deg  C 

Tensile  Strength,  lb  per  iiq  in  . . . 

Compressive  Strength,  lb  per  sq  in  . . 
Transverse  Strength,  lb  per  sq  in  . . . 
Impact  Resistance  (modified  C harpy 
method)  in  gm  per  sq  cm 


•Approved  as  L-4  material  by  the  Army-Navy  Electronics 
Standards  Agency. 

••This  characteristic  gives  Zircon  Prestite  its  remarkable 
thermal  shock  properties  and  warrants  comparison  with 
Other  low-loss,  high-frequency  ceramic  materials. 
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COMMUNICATIONS  COMPANY 

CORAL  GABLES  34,  FLORIDA 


COMCO  CRAFTSMANSHIP  MEANS 


R-F  BRIDGES 


(continue 

tively  in  parallel,  form  the  stand- 
ard  but  each  can  be  connected  to 
different  transformer  taps  to  pro- 

vide  independent  resistance  and  re- 
actance ratios. 

To  maintain  exact  voltage  ratio 
and  phase  in  the  standards  and  un- 
known values,  under  different  con- 
ditions of  loading,  the  leakage  re- 
actance of  the  transformer  is 
minimized  by  the  use  of  a 
Mumetal  strip  wound  as  a toroid, 
and  also  by  careful  winding. 

A radio  receiver  2-gang  capaci- 
tor of  7-250  / ifif  is  used  for  the 
standard.  It  is  switched  between 


RADIO  AND  ELECTRONIC  EQUIPMENT 


/ turn 


htfurn\ 


Unknout 


0 0 o o o o 

/ N N 2 3 

Common  Neutral  XQI XI  XIO 

\ Terminals  for  unknown  / 


Fig.  3 — Tapped  transformers  are  used 
in  this  bridge  circuit  to  provide  several 
ranges 


Needed  elsewhere  today 
• . . ready  for  tomorrow 

It  was  only  natural  that  Comco  should  be  called 
early  to  serve  in  America’s  war  effort.  Our 
craftsmen  were  long  experienced.  Our  facilities 
were  geared  to  quality  standards. 

And  it  is  only  proper  that  our  commercial 
production  should  be  rigidly  restricted  now. 
Vf  e are  building  many  types  of  radio  and  elec- 
tronic equipment  urgently  needed  by  our  fight- 
ing  forces.  6 

When  victory  is  won,  and  our  war-time  com- 
mitments are  fulfilled,  Comco  skills  and  equip- 
ment-our  eng.neering  know  bow- will  again 
e devoted  to  making  peace-time  product? for 
peace-loving  America. 

Imbued  with  the  idea  of  "not  how  many  but 
how  good  . . . trained  to  take  ,ime  to  do  things 
well  . . . Comco  CUSTOMIZED  equipment  of 
Tomorrow  promises  even  more  dependability 

7o».,s;irror"""'  * ”m  s 


TRANSMITTERS— F/W 
Station  .2 — 160  Me.  Low  & 
Medium  Frequency  and  VHP. 


taps  of  the  input  transformer  and 
taps  on  the  standard  side  of  the 
output  transformer  for  capacitance 
measurements,  and  to  one  of  the 
taps  on  the  unknown  side  for  in- 
ductance measurements. 

For  resistance  balance,  a 1000- 
ohm  potential  divider  (Fig.  4)  is 
connected  across  appropriate  taps 


RECEIVERS— Fixed  Tuned, 
Rack  Type  .2 — 160  Me.  Low  & 
Medium  Frequency  and  VHF. 


Neutral 


TRANSMITTER-  RECEIV- 
ERS— Mobile  and  Fixed  Sta- 
tion Types  2.5—8  Me. 


Fig.  4 — Resistance  balance  is  obtained 
hy  adding  R,  and  R3  to  the  circuit 
shown  in  Fig.  3 

°f  the  input  transformer  and  a 
fixed  resistor  Rs  from  the  slider  is 
switched  to  either  tap  on  the  out- 
put transformer.  The  inductance 
of  the  potential  divider  is  thus  of 
less  importance  than  if  it  were  used 
as  a variable  resistor.  The  ranges 
of  the  bridge  are: 

Capacitance:  0.01  /j. /if  to  25,000 

M/if. 

Inductance:  Such  as  will  reso- 


n note  on  your  company  letterhead 
We'll  give  you 
CUST0Met7prr\nCe'-  ' can  lupp 
NOW D$""l>"'”t  onprie 

fij’f.yy  orders  for  post-, 


TRANSMITTERS  and  RE- 
CEIVERS— VHF  Mobile  and 
Fixed  Station  units 30—160 Me. 
FM  and  A At  Models. 


MANUFACTURERS  OF  RADIO 


CQAACO  equipment 
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they  ALL  benefit 
the  ELECTRONICS 

industry 


- eeting  Navy  demands  has  been  more 
than  a challenging  experience  to  Okonite  chemists 
and  research  engineers.  It  has  helped  to  introduce 
better  products  of  greater  value  to  all  industry. 
Among  Okonite’s  pre-war  developments  in  electric 
cable  and  insulated  wire  are  many  which  have  been 
improved  and  which  have  found  their  greatest  use- 
fulness in  wartime.  Some  of  them  whose  service 
advantages  have  commercial  applications  are  listed 
and  illustrated.  Write  for  further  information  on  any 
or  all  of  them  or  for  assistance  on  any  specific  prob- 
lem involving  the  transmission  or  distribution  of 
electrical  power  through  insulated  wires  and  cables. 
The  Okonite  Company,  Passaic,  New  Jersey. 


OKONITE#* 

insulated  wires  and  cables 
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PORTABLE  POWER  PROBLEMS 


(continued) 


R-F  BRODGES 

nate  with  the  above. 

Resistance:  10  ohms  to  10 

megohms. 


THIS  MONTH— THE  SOUND- LEVEl  METER 


BURGESS  INDUSTRIAL  BATTERIES  meet  every  power  requirement  for  the  conveniently  portable 
sound-level  meter.  Used  for  qualitative  measurement  of  sound,  the  meter  consists  es- 
sentially of  a sound  pickup,  a special  electronic  amplifier  and  an  indicating  instrument 
Burgess  Industrial  Batteries  give  dependable,  long  service  life  in  hundreds  of  electronic 
industrial  applications -they  meet  every  requirement  for  test  and  control  instruments. 


ENGINEERS  CHOOSE  BURGESS  Industrial  Batteries  for  the  operation  of  portable  instruments 
-recent  surveys  of  dry  battery  preferences  reveal  that  Burgess  is  the  first  choice  of 
electronic  experts!  Burgess  engineers  will  develope  batteries  for  any  special  problem  vn„ 
may  have,  although  most  needs  can  be  readily  served  from  the  standard  line  available 
through  your  Burgess  distributor.  Burgess  Battery  Company,  Freeport  Illinois 


, CAREFUL  BUYING  KEEPS  PRICES  DOWN! 

BURGESS 

BATTERIES 

VOTED  FIRST  BY  ENGINEERS 

IN  NATION-WIDE  INDUSTRIAL  BATTERY  SURVEY 


Recognized  as  the  MOST  COMPLETE  LINE  of  dry  batteries 


V H F Circuit 

An  ultra-short-wave  admittance 
bridge  appears  in  Fig.  5.  In  this 
instrument,  the  input  and  output 
transformers  both  have  a ratio  of 
3:1,  giving  a total  of  9:1.  This 
ratio  enables  a capacitor  of  lov 
inductance  to  be  used  as  a stand 
ard,  and  the  value  of  resistance  is 
also  more  convenient.  Capacitors 
C,  and  C,  are  the  standards,  of  60 


Fig.  5 — An  accuracy  of  five  percent 
over  a range  of  frequencies  from  100  kc 
to  100  Me  is  claimed  (or  this  bridge 
circuit 

I , 

and  9 ppi  respectively,  but  the 
9-yi/cf  capacitor  is  calibrated  from 
0 to  70  p./if  (the  capacitance  which 
it  balances),  and  the  60-/i/if  unit 
is  calibrated  from  0 to  500  Fl- 
owing to  the  necessity  for  reducing 
internal  inductance  in  the  bridge, 
the  capacitance  of  the  60-/i/if  unit 
at  half  scale,  plus  the  zero  capaci- 
tance of  the  small  capacitor  and 
that  of  a trimmer,  is  balanced  by 
the  capacitance  of  about  250  w'1' 
across  the  unknown  terminals, 
which  is  obtained  by  making  the 
leads  and  the  massive  terminals  in  [ 
one  unit,  spaced  by  a sheet  of  mica. 

Groups  of  carbon  resistors  are 
used  for  the  resistance  balance  and  j 
there  is  a continuous  adjustment  of  | 
resistance  balance  with  a potential  ! 
divider.  Great  care  is  taken  in 
wiring,  to  reduce  the  inductance 
and  stray  fields.  Ail  leads  are  of 
copper  tape  and  external  leads  are 
kept  very  close  together. 

A 30-ohm  carbon  resistor  is  used  | 
as  the  resistance  standard,  its  ends 
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IfflHOMSTIC  INSUUTION 

Nothing  is  constant  but  change  . . . and  in  the  wire 
cable  field  the  "change"  to  thermoplastic  insulation 
has  been  tried  and  proved  in  the  test  tube  of  war.  When 
victory  is  won  you  will  demand  the  maximum  resistance 
which  these  new  compounds  and  constructions  offer  to 
heat,  flame,  oxidation,  chemical  action,  oil,  grease,  mois- 
ture cold,  abrasion,  fungus  growth  and  other  severe 
conditions.  Write  NOW  for  complete  information  and 
samples  engineered  to  your  particular  requirements. 
Remember  . . when  you're  thinking  of  PLASTIC  you're 


a complete 
to  heavy 
. . . serving:  Public 
Radio,  Electronic,  Ap- 
and  Instrument  Manu- 
Telephone  Companies 
and  Contractors. 


27» 


(continual 


LET  US  HELP  YOU  WITH  YOUR 
CRYSTAL  CONTROLLED  CIRCUITS 


*— f MIDGES 

being  eased  in  copper  to  neutral® 
inductance.  It  is  non-reactive  up  ^ 
to  60  Me. 

To  measure  the  internal  induct- 
ance of  the  bridge,  a measurement  j 
is  made  of  an  inductance  and  a re- 
sistance in  series.  This  is  pro- 
vided by  a single  turn  of  46  SWG 
eureka  wire  on  a 3/8  inch  former, 
The  inductance  can  be  calculated 
and  the  resistance  measured  on  d-c 
and  calculated  for  high  frequencies. 

The  accuracy  of  the  bridge  is  not 
worse  than  6 percent  and  is  con-  . 
sidered  fairly  good  for  the  fre- 
quencies covered  (100  kc  to  100 
Me) ' and  for  such  a simple  piece 
of  equipment.  Ranges  are  as  fol- 
lows: 

Capacitance — Up  to  300  /i/if. 

Shunt  Resistance — 10  to  10,000 
ohms.  i 

Inductance — Such  as  will  reso- 
nate with  the  above  capacitances. 

Inductance  Measurements 


The  public  may  be  very  happy  just  to  have 
a new  automobile.  But  they  are  conditioned  to 
expect  the  postwar  domestic  radio  to  be  dif- 
ferent— with  the  precision  and  quiet  of  Crystal 
Controlled  circuits. 

Through  the  war  we  have  learned  a lot  about 
the  use  of  Control  Crystals,  and  this  knowledge 
is  at  the  disposal  of  manufacturers  of  radio,  fm 
and  other  electronic  devices. 

And  when  you  know  what  crystals  you  need 

our  quantity-production  methods  are  ready  to 
supply  you  with  crystals  to  your  exact  specifica- 
tions, on  time,  clean,  and  at  a price  that  will  be 
within  your  production  budget. 


A medium  and  long-wave  low 
impedance  bridge  is  given  in  Fig.  6. 
This  bridge  covers  the  frequency 
range  from  100  kc  to  2 Me  and  is 
designed  particularly  for  low- 


hv.  6 — low  Talun  of  Inductance  a* 
wnll  ai  tho  resistive  component  are 
measured  by  this  circuit.  Capacitance 
may  also  be  measured  by  changing 
the  calibration  of  the  dial.  Capacitor* 
marked  T are  trimmer  types 


PAN-ELectronic  LABoratories  Inc 

500  SPRING  STREET,  N.  W 

ATLANTA.  Se. 
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inductance  measurements.  It  also 
measures  the  resistive  component 
Capacitance  measurements  can  be 
made  but  the  dial  readings  are  in 
reciprocal  capacitances. 

The  method  is  to  determine  the 
potential  difference  across  the  un- 
known impedance  and  to  compare 
this  with  the  current  through  it 
Independence  between  the  circuits 
is  achieved  (like  the  Kelvin  double 
bridge)  and  this  enables  mutual  in- 
ductance to  be  measured.  It  also 
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it  takes  rough  treatment 

You  can  form  DOBAR  laminated  insulation  paper  into  almost 
any  shape  without  damaging  its  smooth  surface  or  changing 
its  electrical  characteristics.  It  slides  readily  into  small,  confined 
spaces  with  minimum  pressure  and  friction,  making  it  quick 
and  easy  to  handle. 

The  laminated  moisture-barrier  of  cellulose  acetate  film  in- 
creases  dielectric  strength  to  70%  better  than  standard  paper, 
under  ordinary  conditions.  At  85%  RH  and  85  F.,  DOBAR 
tests  up  to  296%  better.  Leakage  tests  under  the  same  conditions 
show  an  improvement  of  327%.  With  its  high  resistance  to 
moisture,  solvents,  weak  acids,  mineral  oils  and  similar  dangers, 
DOBAR  effectively  increases  your  margin  of  safety. 

These  DOBAR  advantages  apply  wherever  you  use  insulation 
paper.  Send  for  samples  to  test  on  your  own  applications. 


DOBAR 

ADVANTAGES 

1 High  dielectric  strength 

2 . . . especially  in  high  humidity 

3 Low  current  leakage 

4 Easy  to  work,  especially  in  tight 
spots 

5 High  resistance  to  abrasion 

6 Noncorrosive 

7 Less  space  required  for  same 
insulation  efficiency 

DOBAR  IMPROVES  YOUR 
FACTOR  OF  SAFETY 


DOBAR  insulation  is  a 
Permanent  lamination  of 
«IMoss  ocelots  film  to 
•tondord  insulation  paper. 

by  the  makers  of 
l*XEl  insulation  tape. 


Ionics -M,  ms 


Digitized  by 


Google 


213 


Ntwmm 

— . <i>c 


• Saves  panel  space  and 
weight  — one  instrument 
does  the  work  of  two 

•Insures  operation  of 
equipment  at  proper 
speed,  within  ± 0.3% 

•Eliminates  break- 
downs caused  by  failure 
to  lubricate,  maintain  and 
overhaul— on  schedule 


SiJe...3V<"  flange  diameter.  Black  metal  caae  for 
flush-pane!  mounting.  5 reeds.  .58-62  cycle  range 
Accuracy  . . . ± 0.3%.  Power  consumption  . . 3 
watts.  110  volt  operation.  Weight. ..1.3  lbs  Also 
made  for  59-61,  48-52,  and  49-51  cycle  ranges. 


R-F  BRIDGES 


(continued) 


means  that  the  internal  inductance 
of  the  instrument  is  unimportant. 

An  input  transformer  supplies 
current  to  pass  through  the  un- 
known impedance,  via  a 0.125-pf 
fixed  capacitor  C and  an  8-ohm 
fixed  resistor  R.  Capacitor  C,  and 
resistor  R , balance  the  circuit  with 
respect  to  ground.  The  drop  across 
C is  applied  to  a 400-/rjif  variable 
capacitor  in  series  with  one  wind- 
ing of  a summation  transformer, 
and  the  drop  across  R is  applied  to 
a second  400-/i/.if  variable  capacitor 
and  another  winding  on  the  trans- 
former. The  resultant  core  flux  is 
therefore  a measure  of  the  ampli- 
tude and  phase  of  the  current 
through  C and  R. 

A third  winding  on  the  trans- 
former takes  the  drop  across  the 
unknown  impedance,  via  a fixed  re- 
sistor Z,  producing  a current  pro- 
portional to  and  in  phase  with  the 
voltage  across  the  unknown.  When 
the  two  variable  capacitors  are  ad- 
justed so  that  the  amplitude  and 
phase  of  the  currents  in  the  trans- 
former windings  produce  a flux, 
equal  in  amplitude  and  opposite  in 
phase  to  the  flux  from  the  third 
winding,  the  resultant  flux  will  be 
zero  and  a null  balance  will  be  ob- 
tained. 

The  values  of  the  two  variable 
capacitors  and  the  resistance  of  l 


This  combination  running  time  and  frequency  meter  is  just  one  of 
the  variations  J-B-T  has  pioneered  for  specific  field  and  laboratory  use 
in  measuring  speed,  temperature  and  frequency.  This  and  17  other 
interesting  applications  are  illustrated  in  a new  bulletin,  now  ready. 

They  may  suggest  ways  to  attack  your  own  problems ...  through  use 
of  J-B-T's  wide  engineering  "know  how."  laboratory  set-up  and  pro- 
duction  capacity.  Ask  for  Bulletin  VF  43-IC. 

p M Perhaps  you  would  also  like  to  have 
• Bulletins  VF-43  describing  basic  Vibrat- 
ing Reed  Frequency  Meters  and  their  operation, 

VF  43-IA  on  400  cycle  meters  and  VF  43-IB  on 
the  smallest  frequency  meters  made.  They're 
yours  for  the  asking  too. 


SOUND  TRUCK 


The  psychological  warfare  branch  of 
the  British  Army  used  *hi«  camouflag'd 
track  to  make  announcements  is  G*r’ 
mem  and  Polish  to  the  enemy.  Hung  to 
trees,  the  speakers  called  upon  soldier* 
to  surrender 


294 


July  IMS  — ELECTRONICS 

Digitized  by  1C 


R — F BRIDGES 


l continued) 


igus,  >") 

glass  r 

.crating 

special 

older.  S 


military  ec 
your  prob 
Seals  can 


BOOKING 


Now 
for  so 
Send 
quick 
Phone, 


Z°!lable- 

,lder'^9  terminals 
drawings  and 
dotation.  F0 

' Wlre  °r  write 


assembly  servicf 

Zrer  p,o,es- 

ll  ■T°nS  f°r 

' lnformati0n 


, saU  spray,  f«mes' 

- r»n*»T  sand,  5311  v 

, SIM  OUT  DUSt, 

srious  atmosphere.  wide  thermal 

T„  will  not  cA..o^n  kakage  resistance. 

ange  anA  h'®rJnmaXimum  acceptability  » 

process  attach. 

mple  and  ea  y imnortant  factor  m 

blems.  bet  us 


will  be  a measure  of  the  reactance 
and  resistance  of  the  unknown  im- 
pedance. 

Capacitance  M eaeur  entente 

To  measure  capacitance,  the  re- 
sistor Z is'  replaced  by  a fixed 
capacitor,  which  interchanges  the 
dial  indications  of  the  two  variable 
capacitors.  The  one  which  indi- 
cated resistance  then  gives  recipro- 
cal capacitance  and  that  which  in- 
dicated inductance  then  reads  re- 
sistance. 

Range  of  the  bridge  is  dependent 
on  the  value  of  the  resistor  Z (or 
the  capacitor  which  replaces  it), 
according  to  the  following  table: 


Standard 

Z 

Range  of  measurement 

312.5  ohms  resistance 

0-10  ohms;  0-1  ah 

3,125  ohms  resistance. 

0 100  ohms;  0-10  ^ 

31,250  ohms  resistance 

0-1,000  ohms;  0-100 

320  M/if 

0-1 0 ohms;  1 0,000 11, if  to  infinity 

32  upt  . 

0-100  ohms;  1,000  aafto  infinity 

3.W 

0-1,000  ohms;  100  nyi  to  infinity 

Accuracy  of  measurement  is 
reasonably  high  for  most  labora- 
tory work  and  the  bridge  is  easy 
to  use.  For  high-Q  circuits,  how- 
ever, the  accuracy  of  resistance 
measurement  is  not  good,  since  the 
range  of  resistance  measured  is  not 
independent  of  the  range  of  induc- 
tance measured.  This  difficulty  can 
be  overcome. 


TESTING  WIRE 


The  insulating  value  ol  the  enamel 
coating  on  fine  wire  produced  at  the 
Dobbs  Ferry  plant  of  North  American 

Phillips  js  checked  on  this  instrument 
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THIS  IS  THE  GIBSON  GIRL*  with  her  hourglass  shape 
and  a bright  yellow  dress  ...  the  magic  emergency  radio  transmitter  which 
automatically  sends  out  S-OS  signals  by  merely  turning  the  hand  crank.*  Now  car- 
ried on  overwater  flights  by  most  military  planes,  Gibson  Girls  have  snatched  back  to  life 
many  American,  Canadian  and  British  crews  forced  down  at  sea.  * The  hand  crank  generates 
sufficient  power  to  transmit  signals  over  a 100,000  square  mile  area,  and  to  light  a brilliant 
signal  light.  Manual  keying  on  radio  transmission  is  available.  The  unit  is  equipped  with 
parachute  for  release  from  a rescue  plane  or  before  a crash  landing.*  More  than  60,000 
Gibson  Girls  have  been  produced  by  Pacific  Division  since  they  were  developed  by  this 
company  before  Pearl  Harbor.  Such  outstanding  radio  developments  as  this  demon- 
strate Pacific  Division's  unique  ability  to  successfully  solve  new  radio  problems. 

Our  engineers — now  specializing  in  VHF  communications  systems— are 
available  to  assist  you  with  your  radio  problems. 


Trade  Mark  Reg.  U.S.  Pot.  Off. 
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NORTH  HOltYWOOO  7,  CAUP. 


NEWS  OF  THE  INDUSTRY 


Alien  patents;  fin-television  truce;  therapeutic 
music;  fluorescent  fungicides;  Washington  and 
FCC  news;  business  and  personnel  activities 


The  proposed  allocation  of  fre- 
quencies to  non-government  radio 
services  operating  in  the  portion  of 
the  radio  spectrum  below  25,000 


will  issue  a final  allocations  report  ' 
covering  non-governmental  radio 
services  in  this  portion  of  the  spec- 
trum. 

Highlights  of  the  FCC  proposals 
include  addition  of  another  radio 
channel  to  the  lower  end  of  the  pres- 
ent standard  broadcast  band,  at  540 
kc ; provision  of  120  radio  channels, 
some  of  which  will  be  available  to 
the  United  States,  for  direct  inter- 
national short-wave . broadcasting; 
allocation  of  frequencies  for  use  by 
radio  amateurs  and  others  daring 

PROPOSED  FCC  ALLOCATIONS  BELOW  85,000  KILOCYCLES 


FCC  Releases  Proposed  Allocations  Below  25,000  Kc 


kilocycles,  as  released  May  21,  is 
given  in  the  table  below.  After  all 
oral  arguments  have  been  heard, 
starting  in  June,  the  Commission 


to 


Fraq. 

United  States 

Proposed  International 

Fraq. 

in  kc 

Allocations 

Allocation 

in  kc 

Up  to  -100 

Fixed 

Fixed 

6300-6450 

100-160 

Coastal,  marine  relay,  ship,  mobila 

(a)  Fixed 

6450-6600 

press,  fixed  Alaskan 

(b)  Maritime  mobile 

6600-6900 

160-200 

Fixed  (1) 

Fixed  (1) 

6900-7000 

200-280 

Air  navigation  aids 

Air  navigation  aids 

7000-7300 

280-320 

Maritiqic  beacons 

Maritime  beacons 

7300-8200 

320-415 

Air  navigation  aids 

Air  navigation  aids 

8200-8275 

41 5-490 

Coastal,  marine  relay,  ship 

Maritime  mobila  (tele- 

8275-8285 

490-510 

Mobila  (distress  A calling  freq. 
500  kc) 

W«phy) 

Mobila  (distress  A calling 
fraq.  500  kt) 

8285-8700 

510-535 

Mobile  (telegraphy)  (2) 

Mobila  (telegraphy)  (2) 

8700-8900 

535-1605 

Broadcasting  (non-gov.)  (3) 

Broadcasting  (3) 

8900-9000 

1605-1800 

Police,  aviation,  relay  broadcast, 
special,  Alaskan,  disaster  com- 
munication Including  amateur 
disaster  networks 

Fixed,  mobila 

9000-9500 

9500-9700 

9700-9990 

1800-2000 

2000-2050 

2050-2065 

2065-2075 


2075-2100 

2100-2250 

2250-2300 


2300-2350 

2350-2495 

2495-2505 


Navigation  aids 
Government  (4) 

Ship  telegraph 

Mobile  (distress  and  calling  freq. 

2070  kc)  (5) 

Ship  telegraph 

Ship  telephone,  relay  broadcast 
Police  point-to-point,  ship  tele- 
phone, aviation,  special,  relay 
broadcast 

Coastal  telegraph,  marine  relay 
Police,  ship  telephone,  Alaskan 
Government 


Navigation  aids 
Fixed,  mobile  (4) 
Maritime  mobile 
Mobile  (distress  & 
freq.  2070  Itc)  (5) 
Maritime  mobile 
Mobile 
Fixed,  mobile 


calling 


2505-2700 

2700-2850 


2850-3125 

3125-3200 

3200-3330 

3330-3450 


Coastal  harbor  telephone,  Alaskan 
Fixed,  maritime  mobile  telephone, 
police  point-to-point,  special 
emergency,  relay  broadcast, 
Alaskan 

Aeronautical  mobile  (6) 
Aeronautical  fixed  (7) 
Government  (8) 

Forestry  (9) 


Maritime  mobile 
Fixed,  mobile 

Standard  freq.  broadcast  on 
2500  kc 
Mobile 
Fixed,  mobile 


3450-3500  Government 


3500-4000 

4000-4100 


Amateur 

Fixed,  except  aeronautical  fixed 


4100-4135 

4135-4145 


Coastal,  marine  relay,  ship 
Mobile  (distress  and  calling  freq. 
4140  kc)  (5) 

Coastal,  marine  relay,  ship,  mobile 


Aeronautical  mobile  (6) 
Aeronautical  fixed  (7) 
Aeronautical  mobile  (8) 
Mobile,  except  maritime  and 
aeronautical  (9) 

Fixed,  and  mobile  except 
maritime 
Amateur 

F'*«d,  except  aeronautical 
fixed 

Maritime  mobile 
Mobile  (distress  and  calling 
freq.  4140  kc)  (5) 
Maritime  mobile 


4890-4990 

4990-5010 


Fixed,  aero,  fixed,  coastal  tele- 
phone, Alaskan 
Government  (8) 

Government 


5010-5300 

5300-5500 


Fixed,  aero,  fixed 
Fixed,  aero,  fixed,  Alaskan 


5500-5800 

5800-6000 

6000-6200 

6200-6300 


Aeronautical  mobile  (6) 
Fixed,  aero,  fixed 
International  broadcast 
Coastal,  marine  relay,  ship 


Fixed,  mobile  except  aero. 

(10) 

Aeronautical  mobile  (8) 

Std.  freq.  broadcast  on  5000 
kc 
Fixed 

(a)  Fixed,  and  mobile  except 
aero.  A maritime 
Aeronautical  mobile  (6) 
Fixed 

International  broadcast 
Maritime  mobile 


region. 
»re  540  and 


£e£°-  nxet*  snail  nave  priority  in  the  polar  reelon* 

(2)  Not  open  to  public  correspondence  in  the  AmnriMin 
^Lowest  and  highest  assignable  frequencies™  are*  54 

(4)  500  watts  peak  power  limit  for  both  fixed  and  nmMi« 

5 Calling  limited  to  telegraphy.  ” and  mobile- 

(6)  Frequencies  within  these  bands  are  reserved  primaHW 
long-distance  overseas  air  routes  and  only  where  th* 
frequencies  above  30  Me  is  impracticable.  tbe  U8e  of 
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9990-10010 


United  States 
Allocations 
Fixed,  aero,  fixed 
Aeronautical  mobile  (6) 

Fixed,  aero,  fixed 
Government  (8) 

Amateur 

Fixed,  aero,  fixed,  Alaskan 
Coastal,  marine  relay,  ship 
Mobile  (distress  and  calling  freq. 
8280  kc)  (5) 

Coastal,  marine  relay,  ship,  mobile 
press 

Aeronautical  mobile  (6) 

Fixed,  aero,  fixed,  coastal  tele- 
phone 

Fixed,  aero,  fixed 
International  broadcast 
Fixed,  aero,  fixed 
Government 


Proposed  InterMtioni! 
Allocation 

Fixed 

Aeronautical  mobile  (6) 
Fixed 

Aeronautical  mobile  (8) 

Amateur 

Fixed 

Maritime  mobile 
Mobile  (distrem  and  ceRfc 
freq.  8280  kc)  (5) 
Maritime  mobile 


Aeronautical  mobile  (6) 
Fixed,  maritime  mobile  (10 


10010-10200 

10200-11300 

11300-11500 

11500-11700 

11700-11900 

11900-12300 

12300-12415 

12415-12425 


Government  (8) 

Fixed,  aero,  fixed 
Aeronautical  mobile  (6) 
Fixed,  aero,  fixed 
International  broadcast 
Fixed,  aero,  fixed 
Coastal,  marine  relay,  ship 
Mobile  12420  kc  (5) 


1 2425-1 2950  Coastal,  marine  relay,  ship,  mobile 
press 

12950-13050  Government  (8) 

13050-13250  Fixed,  aero,  fixed 
13250-13350  Fixed,  aero,  fixed,  coastal  tele- 
phone 

13350-14000  Fixed,  aero,  fixed  (11) 
14000-14400  Amateur 
14400-14985  Fixed,  aero,  fixed 
14985-15015  Government 


Fixed 

International  broadcast 
Fixed 

Standard  freq.  broedak  c* 
10000  kc 

Aeronautical  mobile  (8) 
Fixed 

Aeronautical  mobile  W 
Fixed 

International  broadcast 
Fixed 

Maritime  mobile 
Mobile  (calling  freq.  1*«0 
kc) 

Maritime  mobile 


Aero,  mobile  (8) 

Fixed 

Fixed,  maritime  mobile  (10) 


15015-15100  Government  (8) 

15100-15300  International  broadcast 
15300-16400  Fixed,  aero,  fixed 
16400-16555  Coastal,  marine  relay,  ship,  mobile 
_ Press,  aeronautical 

16555  16565  Mobile  (calling  freq.  16560)  (12) 

16565-17100  Coastal,  marine  relay,  ship,  mobile 
press,  aero. 

17100-17600  Fixed,  aero,  fixed 
17600-17700  Fixed,  aero,  fixed,  coastal  telc- 
„ phone 

] ZZ99-1 7900  International  broadcast 
JZ?®?"!9985  eero.  fixed 

19985-20015  Government 


Fixed  (11) 

Amateur 

Fixed 

Standard  freq.  broadest  « 
15000  kc 
Aero,  mobile  (8) 
International  broadcast 
Fixed 
Mobile 


Mobil*  (celllnj  ft«  165411 
itc)  (18) 

Mobile 


Fis*d,  maritime  mobll*  I101 


*001 5-20500  Fixed,  aero,  fixed 
0500-21000  Fixed,  aero  fixed,  coastal,  marine 
relay,  ship,  mobile  press,  aero- 
_ . ^ nautical 

*1000-21500  Amateur 
o!  700  •"••'national  broadcast 

illS?-®4985  Fix**L  *•'»■  lixed 

2.985- 2501 5 Government 


Internatione!  broadcart 

Fixed 

Standard  (mo.  bmaderf  «" 

20000  ke 

Fixed 

Fixed,  mobile 


Amateur 

International  bfoedeek 

Fixed  . J nf 

Standard  fr«.  broaden!  or 
25000  kc 


}8{  gsuwffi?' 5"in.0vti.1t?.2*ble  or  *rc  impracU 


(11)  18660  kr  k #e  u®lted  to  coastal  telephone  t\\ 

emleslin ,?or.  *i«n*trUl,  scientific  and  media}-, 

(12)  “mii“ed  to  tefeaS)  bl"<1  18852'5  to  18 
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9 From  the  floor  to  the  ceiling,  your  next  kitchen 
truly  will  represent  the  modern  age  of  plastics. 

There’ll  be  Plaskon  Molded  Color  carrying  a 
*■  range  of  gay  tones  throughout  the  room.  Plastic 

i handles,  knobs,  closures,  housings,  tableware, 

““  electrical  equipment  and  parts,  lighting  reflectors, 

telephones— even  garment  buttons  and  shoe 
ornaments— will  be  of  sparkling  molded  Plaskon. 
Service  requirements  of  durability,  non-con- 
ductivity, sanitation  and  ease  of  cleaning  are  ade- 
quately filled  by  Plaskon  in  these  applications. 

The  kitchen  will  be  lined  with  handsome,  low- 
cost,  prefabricated  cabinets  of  plywood,  made  with 
Plaskon  Resin  Glue.  Washable  resin-treated  paper 
finishes  of  attractive  colors,  and  almost  impossible 
to  mar  or  scar,  will  be  bonded  to  the  exterior 
surfaces  with  this  powerful  glue.  In  any  appli- 
cation  it  is  permanent  and  highly  waterproof; 
ff  unaffected  by  heat,  cold,  bacteria  or  fungi;  and 

tts  tenacious  grip  cannot  be  weakened  or  broken. 

Tough  linoleum,  treated  with  Plaskon  Coating 
Resin,  will  provide  a colorful,  durable  covering 
for  floor*,  cabinet  and  shelf  top*,  and  splash 


surfaces.  Special  Plaskon  resins  will  assure  finishes 
to  meet  particular  needs  for  many  kitchen  surfaces; 
and  will  be  used  for  the  development  of  other 
new  utility  applications  in  the  kitchen  and 
throughout  the  house. 

The  plastics  kitchen  of  tomorrow,  with  its  wide- 
spread use  of  Plaskon  materials,  is  but  one 
indication  of  the  versatility  of  these  modern  prod- 
ucts of  industrial  research.  Plaskon  resins  offer 
you  exceptional  manufacturing  and  sales  advan- 
tages in  product  development.  Our  experienced 
field  men  will  gladly  help  develop  your  plans. 

PtASKON  DIVISION 

LIIBIY  * OWINS  • FORD  61*5*  COMPANY 
2136  Sylvan  A vo.  • Toledo  6,  Ohio 
Canadian  Ag.nl:  Canadian  Indu.tri..,  ltd.,  Monlr.al.  P.  Q. 
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D EFORE  the  war  research 
leadership  guarded  the  quality, 
service  and  dependability  of 
Insl-x  products.  Spurred  by 
wartime  demands,  Insl-x  re- 
search was  instrumental  in 
developing  numerous  impor- 
tant materials  that  have  aided 
dur  armed  forces  to  achieve 
victory.  These  years  of  ad- 
vanced research  form  a firm 
foundation  for  Insl-x  leadership 
in  superior  postwar  electrical 
insulation.  . 


. 


Literature  on  Request 


HE  INSL-X  COMPANY  INC. 

>7  MEEKER  AVE..  BROOKLYN  22.  N.  V. 


i-OS  ANCEUS 


PHILADELPHIA 


times  of  disaster,  such  as  floods 
earthquakes,  hurricanes,  etc.;  in- 
creased  emphasis  on  the  require- 
ments of  aviation  radio  communica- 
tions, including  navigational  aids 
after  the  war;  and  establishment 
of  a greater  number  of  SOS  fre- 
quencies for  use  by  aircraft  and 
small  surface  craft  in  distress  and 
to  provide  more  reliable  coverage 
over  long  distances  on  radio  dis- 
tress calls. 

As  the  commission  points  out,  the 
radio  spectrum  below  25,000  kilo- 
cycles is  so  overcrowded  that  it  has 
been  impossible  to  meet  the  re- 
quirements of  all  radio  services 
operating  in  these  ranges.  How- 
ever, the  FCC  has  attempted  to 
make  an  equitable  distribution  of 
frequencies  among  the  various 
services.  Wherever  possible,  radio 
services  are  expected  to  move  into 
the  very  high  and  ultrahigh  por- 
tions of  the  spectrum  and  to  take 
advantage  of  improved  equipment 
and  transmission  techniques  to  en- 
able them  to  make  the  most  efficient 
use  of  the  spectrum  space  available 
to  them. 

No  decision  has  yet  been  made  as 
to  the  number  of  new  stations  the 
new  540-kc  broadcast  band  channel 
will  accommodate  or  as  to  whether 
the  channel  will  be  used  by  local, 
regional  or  clear-channel  broadcast 
stations.  It  is  believed  that  possible 
interference  with  auto  alarms  on 
the  500-kc  distress  frequency  can 
be  solved  by  assigning  540  kc  for 
use  at  appropriate  geographical  lo- 
cations and  by  limiting  the  intens- 
ity of  the  signals  in  coastal  areas. 
(There  are  now  928  standard  sta- 
tions broadcasting  and  23  others 
under  construction.  The  FCC  has 
in  its  pending  files  approximately 
180  applications  to  build  new  stand- 
ard stations  when  manpower  and 
materials  again  become  available 
for  civilian  radio  construction.) 
About  54  percent  of  the  present 
receiving  sets  will  be  able  to  re- 
ceive programs  from  stations  oper- 
ating on  the  540-kc  frequency. 
However,  the  channel  including  54® 
kc  is  now  used  by  the  government 
and  it  is  not  known  how  soon  it  can 
be  made  available  to  broadcasters 

Six  bands  of  frequencies,  invol' 
ing  a total  of  120  channels  below 
25,000  kc,  are  set  aside  for  direct 
international  broadcasting  on  * 
worldwide  basis. 

The  bands  3500  to  4000,  7000  to 
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• The  88  standard  circuit  combinations  of  Roller-Smith 
Type  R2  rotary  switch  cover  most  applications  for  an 
instrument  switch,  control  switch  or  transfer  switch. 

The  switch  body  is  of  unit  construction  suited  to  switch- 
board mounting  Standard  switchboard  terminals  sim- 
plify connections  Silver  to  silver  contacts  have  con- 
tinuous current  carrying  capacity  of  10  amperes. 
Bakelite  insulating  barriers  between  poles  iso  a e 
terminals.  Removable  bakelite  side  covers  protect 
against  dust  and  permit  easy  access  for  inspection.  The 
number  of  units  runs  from  one  to  nine  Each  unit  may 
be  a single  break  switch  with  two  circuits  or  a double 
break  switch  with  one  unit.  For  complete  f ormation 
on  this  versatile  switch,  write  for  your  copy  of  Catalog 
7140.  Address  Dept.  EL-1. 


ROLLER-SMITH  bethlehem.  pen 

Canadian  Plant,  ROLLER -SMITH  MARSLAND.  ITU.  KNchanar,  Onteria 


PfTRICAL  INSTRUMENTS  . AIRCRAFT  INSTRUMENTS  • SWITCHGEAR  ■ 
>'«  R«pr.,ental,V..  STANDARD  AND  PRECISION  ELECTRICAL  INS  . RELAYS  • PRECISION  BALANCES 

I"  oil  Principal  CHiei  AIR  AND  OIL  CIRCUIT  BREAKERS  • ROTARY  SWITCHES 
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FLEXIBLE  SHAFTING 

rot  tlMOTI  CONTROL  AND  PQWIt  TRANSMISSION 


Reduced  production  costs  is  the  key  to) 
the  lower-prices,  increased-sales-vol- 
ume,  more-jobs  combination  needed 
for  post-war  prosperity.  Walker-Turner 
Flexible  Shafting  offers  a proven  way 
to  bring  about  this  reduction— in  prod- 
ucts involving  remote  control  or  the 
transmission  of  light  power  loads! 

By  substituting  Walker-Turner  Flexible 
Shafting  for  complicated  gear  systems 
in  these  applications,  design  is  substan- 
tially simplified.  The  product  is  lighter, 
more  compact.  Less  material  is  re- 
quired. Costly  machining  is  eliminated. 
Shipping  and  storage  costs  go  down 
Write  today  and  le,  us  put  our  years 
of  flexible  shafting  experience  to  work 
for  you! 

WALKER  - TURNER  CO  INC 

Plainfield  M ' , C' 

New  Jersey 
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7300,  and  14,000  to  14,400  kc  are 
being  retained  for  amateur 
The  300-kc  wide  band  between  T, 
and  2050  kc  is  being  deleted.  In 
thereof,  the  Commission  is  i 
provision  for  amateurs  to  op 
a disaster  communications  ne1 
in  the  band  1605  to  1800  kc. 
exact  width  of  this  frequency 
and  its  location  within  the 
1605  to  1800  kc  is  undetermined 
this  time.  In  addition,  the  Co 
sion  proposes  to  assign  a 5 
wide  band  between  21,000  and 
500  kc  to  the  amateurs. 

Six  channels  are  included  for 
by  the  National  Bureau  of  St> 
ards  to  provide  a highly  accu 
standard  for  the  measurement 
frequencies,  and  for  the  trs 
sion  of  time  signals,  to  be  used 
scientists,  observatories  and 
station  operators  throughout 
world  to  calibrate  their  equip- 

The  Commission  is  not 
specific  proposals  regarding 
nel  widths  for  stations  in  the 
public  services  at  this  time.  B. 
ever,  in  view  of  the  urgent  requ!; 
ment  for  conservation  of  freq 
cies,  the  Commission  will 
licensees  to  avail  themselves  of 


latest  technical  improvements  look- 
ing toward  early  realization  of  the 
use  of  2.5  kc,  or  less,  per  telegraph 
communication  channel  and  not 
more  than  5 kc  per  telephone  or 
facsimile  channel.  This  objective 
is  believed  to  be  reasonable  since 
it  is  expected  that,  of  necessity, 
use  of  such  technical  improvements 
will  be  adopted  generally  on  a 
worldwide  basis. 


Total  Number  of  Channels 

A comparison  between  the  total 
number  of  channels  requested,  the 
total  currently  assigned  and  the 
total  proposed,  cannot  be  made 
since  (1)  no  decision  has  been  made 
as  to  channel  widths ; (2)  the  num- 
ber of  channels  to  be  used  by  aero- 
nautical and  government  fixed  serv- 
ices cannot  be  determined  at  this 
time;  (3)  the  assignments  at  the 
time  of  the  hearing  included  shared 
frequencies  which  are  regularly  as- 
signed to  other  services  such  as 
coastal  harbor  and  coastal  tele- 
phone; and  (4)  the  channel  re- 
quirements of  other  nations 
throughout  the  world  are  not 
known. 

For  the  fixed  public  services,  the 
Commission  is  of  the  opinion  that 
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UNDER  C O MPLETE  C O N T R O U 


In  the  laboratory,  in  processing,  in  inspection,  gold 
and  silver  plating  at  DICO  are  under  complete  control, 
from  the  original  specifications  to  the  final  product. 
No  higher  adherence  to  the  most  rigorous  standards  of 
plating  precision  and  performance  is  available  any- 
where. At  DICO,  your  requirements  in  plating  can  be 
accurately,  promptly,  and  efficiently  met. 


There  are  also  other  facilities  at  DICO  that  will 
be  of  the  utmost  service  to  manufacturers  during 
postwar  readjustment.  Furthermore,  nothing  compara- 
ble to  them  for  expert  and  conscientious  craftsman- 
ship will  exist  in  sufficient  volume  to  fill  the  postwar 
demand.  Therefore,  the  time  to  acquaint  yourself  with 
DICO,  for  your  advantage  in  the  near  future,  is  now. 


‘RODVCT  ENGINEERING,  GOLD  AND  SILVER  I’LA  T'™’  INt*G’ 

CASTING,  SOLDERING,  ASSEMBLING  AND  HNISI1ISG 


DIAMOHD 

mSTRUMEDT  CO. 

NORTH  AVENUE  • WAKEFIELD.  MASSACHUSETTS 
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still  delivering  after 

HOURS 

Continvevs  Service 

In  July,  1944,  we  told  you  the  story  of  this 
"defective”  Conant  type  M rectifier  which  we 
kept  in  continuous  operation  in  an  effort  to 
discover  the  "defect”  a customer  had  claimed. 

This  same  “defective”  Conant  rectifier  is 
still  operating  24  hours  every  day  after  more 
than  eleven  years.  And,  after  96,000 
hours,  it  still  delivers  its  original  output. 

Since  this  "time-honored  veteran”  was  built 
in  1934,  Conant  rectifiers  have  been 
continually  improved  to  make  them  more 
dependable.  So,  wherever  accuracy  and 
dependability  are  important,  you  can  Count 
On  Conant. 

Write  today  for  details  about  Conant’s 
new  rectifier  assembly  that  eliminates 
temperature  variations. 


electrical  laboratories 


only  through  a properly  organ  in 
system  of  assigning  frequencies,  1 
geographical  zones  throughout  L 
world,  will  it  be  possible  to  accom- 
modate  the  post-war  requirement! 
of  all  nations.  Under  such  a zoning 
plan,  a given  frequency  may  be  em- 
ployed in  as  many  as  three  or  more 
different  locations  in  the  world  dur- 1 
ing  a period  of  24  hours.  Suchi 
plan  will  have  the  practical  effect 
of  increasing  the  number  of  chan- 
nels available  to  each  nation,  a con- 
sideration of  the  highest  import-] 
ance  when  it  is  realized  that  many ' 
countries  will  use  radio  transmis- 
sion in  a post-war  era  to  a far 
greater  extent  than  they  have  in 
the  past.  The  Commission  will  ex- 
ert every  effort  to  make  such 
organized  system  of  assigning  fre- 
quencies possible. 

The  provision  of  shipboard  radio 
direction-finding  facilities  and 
comprehensive  maritime  beacon 
system  has  largely  obviated  the 
necessity  for  shore-based  direction 
finders  and  has  resulted  in  a decline 
in  their  use.  For  these  reasons,  it 
is  not  proposed  to  continue  the  allo- 
cation of  375  kc  for  shore-based 
radio  direction-finding  systems. 

It  is  proposed,  in  view  of  the  im- 
provements in  ship  station  receiver 
selectivity  and  transmitter  fre- 
quency stability,  to  reduce 
guard  bands  for  the  500-kc  inter- 
national distress  and  calling  fre- 
quency from  16  to  10  kilocycles. 

It  is  proposed  to  designate  the 
frequencies  2070,  4140,  and  8280 
kilocycles  as  additional  interna- 
tional distress  and  calling  frequen- 
cies (telegraphy)  to  facilitate  com- 
munication between  stations  en- 
gaging in  air-sea  rescue  operations. 

Aeronautical  Outlook 

The  requests  of  civil  aviation  for 
radio-frequency  bands  below  25 
megacycles  can  not  be  granted  in 
full  without  seriously  affecting  the 
minimum  requirements  of  other 
services.  It  is  evident  that  means 
must  be  found  by  which  the  spec- 
trum space  requested  can  be  re- 
duced. This  may  be  accomplished 
in  only  one  way,  namely,  by  obtain- 
ing the  most  efficient  use  of  the 
spectrum  available  to  that  service. 
This  may  be  accomplished  in  sev- 
eral ways:  (1)  Employ  the  narrow- 
est band  of  emission  that  will  satis- 
factorily transmit  the  desired  in- 
telligence most  economically  frorn 
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PARIS  FABRICATED 
BY  ROGERS 


SHE'LL  BE  USING  DUROK* 
-ANOTHER  ROGERS-BORD 


KAYGREY  radio 
dust  cover 


KAYGREY  magneto 
insulator 


KAYGREY  formed 


DUROK  capacitor 


BAYRU  packing 
•i*t  protector 


If* 

hi 

1 

tPl 


>L 

0*  FABRICATED  PARTS  used  to  insulate 
"•■-j  caPaci,or*.  loudspeakers,  antenna  systems 
other  radio  components  are  now  "in 
WOr*t  ,n  fabricating  division.  The 

J Q^°  l108  soon  that  it  can  advan- 

9®ously  use  Rogers-Bord  — and  can  have 
ers  ^on®*  punch,  bend  and  shape 
ftwetou9h-  high-dielectric  materials.  Rogers 
gns  and  produces  the  necessary  dies  in 
itj  118  ^ tool  and  die  shop.  The  Rogers  "you 
J* . ^ ll‘  Wel1  malce  h”  slogan  applies  to 
Ji  ***  lablicatin<3  as  well  as  to  special 

A *****  P^tic materials.  And  it  applies 
f flow. 
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To  learn  more,  check  and  mail: 

Send  me  the  ROGERS  EXHIBIT  BOX,  con- 
taining fabricated  parte  and  samples 
of  Rogers-Bord. 

I — I Have  a Rogers  representative  bring 
^ samples  and  fabricated  parts. 

We  are  enclosing  blueprint  for  sug- 
gestions  and  quotation. 


□ 


□ 


NAME  AND  TITLE 


ADDRESS  

ROGERS  CORPORATION 

Formerly 

The  Rogers  Paper  Manufacturing  Co. 

107  Mill  St.  Manchester,  Conn. 


• DUROK  ROGERS-BORD 

Purified,  non-cotton,  cellulose  libers 
have  now  been  wet -laminated  into 
a new  high-strength,  high -dielectric 
material  with  the  lowest  extractibles 
ever  Data  on  this  electrical  insulat- 
ing surprise  are  contained  in  This  Is 
Durok''  Write  for  it. 
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MURDOCK^PHONES 


War-tested  for  Dependability! 


UNIFORM  PERFORMANCE — Always 

Laboratory  tests  alone  do  not  provide 
all  the  answers.  From  warfare  condi- 
tions — on  every  fighting  front  — we 
at  MURDOCK  are  learning  many 
vital  things  about  Radio  Phones  that 
will  be  of  tremendous  benefit  in  build- 
ing still  better  equipment  for  a world 
at  peace. 

In  war  — in  peace  — MURDOCK 
RADIO  PHONES  embody  the  same 
traditional  quality  and  dependability 
that  have  made  MURDOCK  a leader 
in  radio  hearing  performance  for  40 
years. 


When  you  specify  MURDOCK  for 
your  headset,  you  are  assured  of 
supersensitive,  bell-tone  clearness 
built  into  a rugged,  shock-proof  unit. 
Solidly  made  throughout  with  no  loose 
parts.  Cushioned  comfort  and  light- 
ness make  listening  a pleasure. 


SUB-CONTRACTS  INVITED 

L«l  ut  help  you  on  Radio  Phones  end 
related  ports  on  a sub-contract  basis. 
Your  assignment  handled  with  care 
speed,  and  skill. 


Write  for  Catalogue  Jo day 


WM.  I.  MURDOCK  CO. 

180  Carter  St.,  Chelsea  SO.  Mass. 


the  standpoint  of  spectrum  utilia 
tion;  (2)  Restrict  air-ground-ai 
communications  and  inter-aircraf 
communications  to  those  pertaining 
exclusively  to  the  necessities  of  aii 
navigation  and  to  emergencies  in 
volving  the  safety  of  life  and  prop- 
erty; (3)  Restrict  operating  porn 
to  the  minimum  required  for  satis- 
factory communications  in  order  ta 
permit  duplication  of  frequence 
with  a minimum  geographical  sep- 
aration; (4)  Consolidate  all  inter- 
national radio  communication  fa- 
cilities under  one  operating  agency; 

(5)  Assign  frequencies  on  an  are 
basis  instead  of  a route  basis; 

(6)  Employ  the  very  high  fif- 
quency  spectrum  for  all  comma! 
cation  with  aircraft  flying  oil 
land,  and  restrict  frequencies  be- 
low 25  megacycles  to  communica- 
tion with  aircraft  flying  inters* 
tional  overseas  routes  only;  (D- 
Employ  radio  only  where  other  sat- 
isfactory means  of  communieatia 
cannot  be  utilized. 

Bands  for  aids  to  air  navigation  . 
are  being  assigned  for  government 
ise  substantially  in  compliance  with 
the  request  of  the  RTPB.  The  one 
slight  change  made  is  that  where 
RTPB  requested  200  to  285  kilo- 
cycles, the  allocation  is  200  to  28b 
kilocycles.  In  addition,  the  band 
1800-2000  kilocycles  is  proposed  for 
navigation  aids  although  not  re- 
quested by  RTPB. 

Alien  Patents 

Patents  formerly  owned  by  aliens 
and  seized  by  the  United  State 
government  for  uses  that  will  bene- 
fit the  nation  in  general  and  assist 
in  the  war  effort  in  particular  art 
vested  in  and  on  file  at  the  Office  of 
the  Alien  Property  Custodian. 

Enemy  patents  not  already  e1' 
clusively  licensed  to  American  in' 
terests  prior  to  vesting  are  avail- 
able to  United  States  citizens  under 
non-exclusive,  royalty-free  licensing 
for  the  remaining  life  of  the  patent. 
Patents  from  nationals  of  enemy- 
occupied  countries  are  similarly 
available,  but  carry  a reasonable 
royalty  payable  to  the  Custodian- 
If  there  is  a return  of  patents  to 
former  owners  in  enemy  occupr 
countries,  the  licenses  will  continue 
valid  at  the  same  royalty,  unless  a 
former  owner  is  dissatisfied  wit 
the  rate.  In  this  case  the  right  is 
reserved  for  him  to  negotiate  wi 
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ACCURACY  in  the  Ansco  Sweet 
Densitometer  is  maintained  by 
built-in  CONSTANT  VOLTAGE 


VOLTAGE  VARIATIONS  AS  GREAT  AS  +15%  ARE 
INSTANTLY  CORRECTED  TO  WITHIN  +1%  OF  THE 

densitometer  s precise  voltage  requirement 

I 


The  designers  of  the  Ansco  Swet 
Densitometer  realized  that  the  care 
Wly  controlled  voltage  of  their  la  I 
oratory  would  never  be  consistent! 
available  to  their  instruments  in  th 
“eld.  Yet  the  operating  voltage  mus 
“ maintained  within  an  allowabl 
tolerance  of  ±1%  of  rated  require 

ments  if  instant  and  accurate  an 
swers  were  to  be  obtained  in  thi 
study  of  the  sensitometric  problem: 
tor  which  it  was  designed. 

In  consultation  with  Sola  engi 
Jjeers  a Sola  Constant  Voltagi 
transformer  was  designed  in  correci 


size  and  capacity  and  within  eco- 
nomical cost  limitations  to  be  in- 
corporated as  a component  part  of 
the  equipment.  Laboratory  voltage 
goes  with  the  instruments  into  the 
field. 

The  same  problem  confronts  all 
designers  of  electronic  instruments 
or  electrically  operated  equipment. 
And  the  same  practical  solution  so 
successfully  employed  in  the  Ansco 
Sweet  Densitometer  and  many  other 
similar  instruments  and  devices  is 
available — a Sola  Constant  Voltage 
Transformer  as  a built-in  component. 


For  the  operation  of  precision  in- 
struments and  equipment  already 
in  use,  Sola  Constant  Voltage  Trans- 
formers are  available  in  standard 
units  in  capacities  from  lOVa  to 
15KVA.  Special  units  can  be  eco- 
nomically designed  for  any  built-in 
application.  Consultation  now  with 
Sola  engineers  will  provide  a satis- 
factory solution  for  your  problem. 


Consta 


^Voltage  Transf 


ormers 


To  Manufacturers: 

Built-in  voltage  control  guaran- 
tees the  voltage  called  for  on  your 
label.  Consult  our  engineers  on 
details  of  design  specifications. 

Aik  for  Bulletin  DCV-102 


|k.  » 

®WB#r  griffon  • R °"**0n,Vo*,a®*  * Cathode  Lighting  •'Mercury  Lamps  • Series  Lighting  • Fluorescent  Lighting  • X-Ray  Equipment  • Luminous  Tube  Signs 

• • Power . Controls  • Signal  Sy.tem.  • Door  Belli  and  Chimei  • etc.  S OLA  ILICTRIC  CO.,  Clyhoorn  Ave.,  Chicago  14,  ■. 
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CENTERED 
EYE  in 

1 OPERATION 


The  DI-ACRO  Bender 
makes  perfectly  centered 
eyes  from  rod  or  strip  stock  OM 
at  high  hourly  production 
rates.  Both  eyes  and  cen-  ^ 

Ccriug  bend  are  formed 
with  one  operation.  Any  size  eye 
may  be  formed  within  capacity  of 
bender  and  ductile  limits  of  ma- 
terial. 


..-■'PjucUien^  PVB 

centered!:  It 

1 (Jienduuj 

With  DI-ACRO  Benders 


DI-ACRO 
Bender  No.  2 

Forming  radius 
6'  approx.  Capa- 
citv  round 
cold  rolled  steel 
bar,  formed  cold 
to  1 ' radius.  Abo 
Bender  No.  3, 
with  forming  ra- 
dius 9'  approx. 


DI-ACRO  Precision 
Bending  is  accurate  to 
.001"  for  duplicated 
parts.  DI-ACRO  Benders 
bend  angle,  channel,  rod, 
tubing,  wire  moulding, 
strip  stock,  etc.  Machines 
are  easily  adjustable  for 
simple,  compound  and 
reverse  bends  of  varying 
radii. 


Send  for  CATALOG 

“DIE-LESS”  DUPLICAT- 
ING  showing  many  kinds 
of  “dieless”  duplicating 
produced  with  DI-ARCO 
Benders,  Brakes  and  Shears. 


I-ACRO  Bandar 
No.  1 

Forming  radius  2' 
approx.  Capacity 
Jj*  round  cold 
rolled  steel  bar  or 
equivalent. 


n.£,E'USS* 

DUPLICATING  I 


DI-ACRO  Is  Pronounced  "DIE-ACK  RO" 


OflEIL-IHUlin  nm.co. 


321  EIGHTH  flVENUE  SOUTH  e MINNEAPOLIS  15,  MINN. 


you  want 


m 
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• CRYSTALS 

• CABLES 
HARNESSES 

• ELECTRONIC 

ASSEMBLIES 

• CABINETS 


Telephone  Peru,  Indiana 

151 

Serving  the  Radio  and  Her, rank  Industrie s with  precision  eng, neered  products. 

Wm.T. Wallace  ITIfg.Co 

General  Offices:  PERU,  inDIAIlR 


in uiniiH 

tao^ssembly  Division:  ROCHESTER.  IflDinnfl 


••VlO4* 
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easy,  practical  wav  to 
speed  up  development  wort  on 
your  new  units,  is  to  turn  over 
your  Terminal  and  Lug  problems 
to  Sherman  electrical  engineers. 
You'll  find  that  Sherman  experi- 
ence and  "know-how"  combined 
with  the  extensive  Sherman  pro- 
duction facilities  can  be  ex- 
tremely helpful  to  you  in  getting 
the  right  Lug  or  Terminal  for 
every  application. 

Sherman  can  produce  practically 
unlimited  quantities  of  standard 
or  specially  designed  Lugs  and 
Terminals.  Complete  facilities  are 
also  available  for  hot  tinning, 
electro-tinning,  cad  plating,  etc. 
Write  today.  Let  Sherman  engi- 
neers help  you  solve  your  post- 
war problems  NOW. 

H.  B.  SHERMAN  MFG.  CO. 

BATTLE  CREEK.  MICHIGAN 


Sherman 
Closed  Round 
End  Solder- 
ing Lugs. 


"Uni  -Crimp" 
Solder  less 
(pressure 
type)  Ter- 
minals. 


Sol  d • ri  ng 

TerminBlt- 
hundreds  o' 
sizes  and 
styles. 
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HERE 


Communications  equipment  designed  for  maximum  efficiency  doesn't  roll  off  a high- 
speed assembly  line.  It’s  got  to  be  painstakingly  made  that  way ! 

Exacting  precision  is  engineered  into  Harvey-Wells  receivers  and  transmitters  every  step 
of  the  way.  From  the  moment  a communications  problem  is  presented  to  us  until  the 
set  is  shipped  out,  each  separate  part,  every  engineering  application,  is  closely  analyzed, 
rigidly  tested,  inspected  thoroughly  and  intensively.  No  gaps — no  hurry — no  half-way 
measures.  Each  piece  of  equipment  must  earn  its  own  final  stamp  of  approval. 

That  kind  of  communications  equipment  is  constructed  for  complete  dependability. 
That's  the  ONLY  kind  of  communications  equipment  produced  by  Harvey-Wells. 


Know  the  company  that 
uants  your  business! 
Our  CASE  ROOK  tells 
w/n UOTy,  9/  Haney 
Is  and  its  place  in 
Electronics.  Send  for  it 
today.  Your  name  on 
your  letterhead  is  suf- 
ficient. 


1 A R V E y 

^■ECTRONICS 
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FOR  POST-WAR  REQUIREMENTS 


40  YEARS  OF  EXPERIENCE  AT  YOUR  SERVICE 


We  ‘lioitt  W ■8t**/rt*‘* 

tXc’SS 

. machine  work  rr/-KT  AND  ELEC- 


WlUSfi 


CORP 


.BACK  THE  ATTACK  - - BUY  MORE  WAR 


A. 
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Delicate  metal  parts  arrive^ j 

MOISTURE-FREE  with 


^Jhocsands  of  packages  of  delicate,  precision  meets  exacting  government  specifications, 

metal  parts  are  being  delivered  to  our  fighting  Write  today  for  full  information. 


fronts  . . . moisture-free  and  rust  free  . . 
because  of  Joliet  Silica  Gel. 


Opportunity  for  Jobbers 

There  are  excellent  opportunities  for  jobbers 


The  power  of  crystalline  Joliet  Silica  Gel  to 
absorb  atmospheric  moisture  within  containers 
is  almost  phenomenal.  Its  drying  action  pre- 
vents rust  and  corrosion.  Moreover,  it  is  widely 
used  as  a drying  agent  in  cartons  and  boxes  of 
foods,  fabrics,  chemicals  and  other  commodities. 

JoKet  Silica  Gel  is  strictly  a quality  product. 
It  is  clear  white;  passes  a rigid  section  test; 


to  build  profitable  business  on  Joliet  Silica  Gel 
in  a few  territories.  Write  for  details. 
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Crystal  Controlled" 

quency  Standard 


\ 

Look  at  These\  Features! 

\ 

\ 

★ Stable  output  up  to  4lQ  megacycles 

\ 

★ Output  circuit  is  tunable 

★ Cool  operation,  even  if  continuous 

★ Famous  JK  dual  T8MD  Crystal 

★ Metal  cabinet,  grey  crackle  finish 

\ 

IMMEDIATE  DELIVERS 
Complete  Price  Only  $59.50  \ 

BUY  MORE  WAR  BONDS 


\MES  KNIGHTS  Co. 

LNDWICH,  ILLINOIS 


Detroit,  Mich.;  St.  Louis,  Mo.; 
Newark,  N.  J.;  Albany  (State  De- 
partment of  Education),  Buffalo 
(Grosvenor  Library)  and  New 
York  City,  N.  Y. ; Cincinnati,  Cleve- 
land, Columbus,  and  Toledo,  Ohio; 
Philadelphia  (Franklin  Institute) 
and  Pittsburgh,  Pa.;  Providence, 
R.  I.;  and  Madison,  Wis.  (State 
Historical  Society). 

Copies  of  the  catalogue  and  com- 
plete sets  of  abstracts  are  on  file  at 
district  offices  of  Smaller  War 
Plants  Corporation  and  in  many 
Chambers  of  Commerce. 

For  further  information  write  to 
the  Office  of  Alien  Property  Cus- 
todian, 120  Broadway,  New  York  5, 
N.  Y„  or  135  S.  LaSalle  Street, 
Chicago  3,  111.  Indexes  and  ab- 
stracts can  also  be  ordered  from 
either  of  these  offices ; make  checks 
or  money  orders  payable  to  the 
Alien  Property  Custodian. 

• • • 

F-M  and  Television  Broad- 
casters Announce  Allocations 
Truce 

In  a joint  action  taken  May  31 
to  speed  a decision  on  the  seven- 
year-old  struggle  between  fre- 
quency - modulation  broadcasting 
and  television  for  space  in  the  high- 
frequency  radio  spectrum,  FM 
Broadcasters,  Inc.,  and  Television 
Broadcasters  Association,  the  trade 
associations  for  the  two  industries, 
petitioned  the  Federal  Communica- 
tions Commission  to  adopt  promptly 
an  allocation  plan  satisfactory  to 
both. 


The  plan  upon  which  the  two 
rival  groups  have  finally  joined 
hands  is  the  first  of  the  three  FCC 
proposals  concerning  frequencies 
between  44  and  108  megacycles.  It 
would  give  FM  broadcasting  90 
channels  between  50  and  08  mega- 
cycles, a range  in  which  present 
television  stations  now  operate, 
and  would  give  television  13  chan- 
nels between  68  and  216  mega- 
cycles. 

Prompt  granting  of  the  request 
by  the  FCC  would  permit  both  in- 
dustries to  prepare  now  for  vast 
post-war  expansion.  It  would  en- 
able them  to  avert  unemployment 
which  might  result  during  the  de- 
sign and  production  engineering  of 
equipment  and  sets.  With  cut- 
backs on  war  contracts  already  tak- 
ing place  in  the  electronics  indus- 
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"JUST  TULL  HIM  ALBION  CAN  SNIP  ALL  TNB 

COILS  MB  NBBOS...  THAT'LL  QUIST  HIM." 


SUPER-QUALITY  COILS  AT  REASONABLE  PRICES 

More  and  more  every  day,  the  industry  is  turning  to  Albion 
for  fast,  quality  and  quantity  production  of  coils,  chokes, 
. and  transformers.  That’s  because  here  you  benefit  from 
the  unbeatable  combination  of  management  "know  how, 
skilled  workmanship,  streamlined  facilities,  and  central 
location.  Your  requirements  will  be  given  prompt  and 
lhoughtful  attention. 

LH-ECTR0N1CS  — ,94S 


ALBI  ON 

COIL  COMPANY 

ALBION,  ILLINOIS 

R F AND  TRANSMITTING  COILS  and  CHOICES; 
I.  F.  TRANSFORMERS 
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For  mare  than  10  years 


we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe- 
cialists as  well.  Consult  us  on  your  “crystal 
problems”. 

★ 


P G T E It  S E \ RADIO  CO. 

Council  Bluffs,  Iowa 

CRrST4LS  EXCLUSIVELY  SINCE  1934 


thru  new  concepts  in 
fabricating  techniques 


N.  S.  BAER  COMPANY,  9-11  MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


One  of  the  fundamental  reasons  for  the 
widespread  utilization  of  BAER  fibre  parts 
in  essential  applications  today  is  the  extra 
measure  of  accuracy  afforded  in  fabrica- 
tion. This  fact — explained  by  the  wide 
latitude  of  BAER  specialized  facilities  for 
machining,  stamping,  punching,  drilling 
and  sawing — should  step-up  the  efficiency 
of  your  post-war  plannings.  An  inquiry 
does  not  obligate  you  in  any  way. 


FREE  LITERATURE  — BAER  engineers  have 
piled  a 6-page  data  bulletin  covering  the  “how' 
and  “why"  of  both  phenol  and  vulcanized  fibre 
A note  on  your  letterhead  will  bring  your  cop1 
promptly;  write  today  for  Bulletin  120. 


try  and  due  to  increase  as  complete 
victory  nears,  design  and  engineer- 
ing must  take  place  without  delay 
if  civilian  production  is  to  dovetail 
with  war  work. 


Music  Therapy 

Use  of  music  from  f-m  receivers 
has  made  it  possible  for  several 
Chicago  dentists  to  do  painful  drill- 
ing without  need  for  an  anesthetic, 
according  to  Miss  Violet  Kmety  of 
Zenith  Radio  Corp.’s  station 
WWZR. 


Speaking  during  National  Music 
Week  in  Chicago,  she  pointed  out 
that  music  from  this  station  was 
particularly  useful  for  these  pur- 
poses since  it  is  largely  serious 
classics  and  has  no  distracting  com- 
mercial announcements. 

Other  local  applications  include 
quieting  the  nerves  and  easing  the 
minds  of  2,700  donors  a week  at 


At  the  Helderberg  Mountain  transmitter 
site  of  General  Electric  Co.,  near  Sche- 
nectady. engineer  George  M.  Brown 
talks  with  other  GE  engineers  cruising 
in  a 4-w  f-m  emergency  mobile  unit. 
The  occasion  was  a two-day  demon- 
stration for  members  of  the  New  York 
State  chapter  of  APCO  (Associated 
Police  Communication  Officers)  of 
Radiotype  and  v-h-f  (161.775  Me)  com- 
munications. In  the  foreground  is  one 
of  the  electromatic  typewriters  used  in 
the  system  which  involves  perforating 
a tape,  passing  it  over  an  automatic 
transmitting  head  which  keys  the  trans- 
mitter with  a tone  signal,  transmitting 
and  receiving  the  keyed  signal  and 
electronically  selecting  the  proper  keys 
on  the  typewriter  at  the  receiving  end 
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►ATiNra  rinU' 


,,,ER|CAN  TELEVISION  £ R*fi 

'*•  "*ui  minn**‘ 


VIBRATORS 


FEATURE: 

• Longer  Life 

• Precision  Construction 

• Improved  Performance 

INCLUDE 
ALL  TYPES: 

• Hermetically  Sealed 

• Light  Duty  (Auto  radio) 

• Heavy  Duty  (Inverter) 

• Non-Synchronous 

• Synchronous 

• Shunt  Coil 

• Driver  Coil 

S Ctn  990  Vnli  TV  C.  Innut 


VlBHATOH 


ATR  Vibrators,  the  heart  of  vibrator-operated  power  supplies,  are  proven  units  of  the  highest  quality, 
engineered  to  perfection.  They  are  backed  by  more  than  twelve  years  of  vibrator  design  and  research, 
development  and  manufacturing — ATR  pioneered  in  the  vibrator  field. 


Pn&je/iAeA  Pneciii&n  Pnxuhicii 

• Vibrators 

• Vibrator -Operated  and 

• Rectifier  Power  Supplies 


ATR  LOOKING  AHEADI  Though  now  engaged  In  vital  war  work,  with  the 
immediate  aim  of  victory,  ATR  Is  looking  ahead.  Our  organization  is  being  geared  for 
the  postwar  requirements  of  the  Radio-Electrical  Industry.  At  present,  only  priority  rated 
orders  are  being  filled.  However,  we  suggest  that  your  postwar  orders  be  anticipated 
and  placed  with  us  for  prompt  delivery.  Write  for  catalog  number  244.  Backed  by  14 
years  of  "know  how,"  DEPEND  ON  ATR. 


AMERICAN  TELEVISION  & RADIO  CO, 

Manufacturers  of  Quality  Products  Since  1931 

PAUL,  MINNESOTA,  U.  S.  A. 
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■ the  Chicago  Blood  Bank  and  divert- 
ing the  minds  of  caesarian  mothers 
under  local  anesthetic. 

Hundred-W atter  Sales 

Supplementing  information  prev- 
iously released  on  standard  broad- 
cast stations  in  other  power  cate- 
gories, FCC  now  announces  that 
net  time  sales  for  1944  among  24 
of  the  nation’s  33  standard  broad- 
cast stations  (28  commercial  and 
5 non-commercial)  operating  with 
power  of  100  watts,  increased  37 
* percent  over  the  amount  reported 
for  1943.  All  stations  in  this  cate- 
gory showed  increases.  The  total 
was  $983,639,  an  increase  of  $263,- 
476. 

Tropicalization  Inspection 

As  a result  of  the  increasing  pitch 
of  war  activities  in  the  Japanese 
theater  of  operation,  the  U.  S, 
Army  Signal  Corps  announces  cur- 
rent use  of  an  invisible  dye  to 
facilitate  inspection  of  equipment 
treated  for  fungus  and  moisture 
detection. 

This  invisible  or  fluorescent  dye 
is  mixed  with  the  lacquer  which  is 
sprayed  on  the  equipment.  Since 
the  lacquer  must  be  colorless  to  per- 
mit the  reading  of  numbers  and 
identification  marks  on  the  sur 
faces  beneath,  it  is  impossible  to 
use  visible  dyes  for  determining 
paint  coverage. 

Checking  is  done  with  a special 
lamp  high  in  ultraviolet  emission 
and  equipped  with  a deep  purple 
filter. 

A quick  spot  check  which  is  some- 
times used  for  the  same  purpose  is 
executed  with  an  ordinary  pencil 
Wherever  the  pencil  glides  as  if  on 
glass  the  spraying  has  been  ade- 
quately done,  but  if  it  starts  to 
write  this  indicates  the  presence 
of  a weak  spot  in  the  covering- 

CONVENTIONS  TO  COME 

r Sept.  17-21.  American  Society 
for  Measurement  and  Control. 
National  Instrumentation  Exhibit 
Hotel  William  Penn,  Pittsburgh 
Pa.,  L.  Susany,  secretary,  4400 
Forbes  St.,  Pittsburgh,  Pa. 

WASHINGTON  NEWS 

Experimental  Models.  In  'ine 
with  its  announced  policy  of  P«r" 
mitting  reconversion  as  rapidly  »s 
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That  we  stand  ready  to  meet  such 
requirements  is  indicated  by  our 


THE  engineer  isn’t  visible  in  the 
* sketch — but  he’s  there,  behind 
every  step  in  building  Ankoseal 
cable!  For,  more  and  more,  cables 
are  engineered  and  manufactured 
to  do  particular  jobs — especially 
here  at  The  Ansonia  Electrical 
Company! 

Because  of  the  many  unusual  cable 
demands  of  the  Army  and  Navy 
* which  we  have  met,  we  are  able  to 
! satisfy  equally  difficult  require- 

®ents  of  other  government  agencies 
""  •■■or  of  private  concerns  engaged 

in  war  work.  Once  we  know  what 
■ the  function  of  the  cable  is  to  be, 
we  take  over — and  from  there  to 
die  finished  product,  in  engineer- 
tog  and  manufacturing,  oui  organi- 
,5  . Zat'on  w°tks  to  deliver  the  form 
ar>d  type  of  Ankoseal  cable  best 
5?':  su*ted  to  that  job. 


output  record... made  possible  by 
“Yankee  ingenuity”  in  manufac- 
turing, implemented  by  emphasis 
on  continuing  laboratory  research. 
These  same  facilities, this  same  abil- 
ity, are  offered  to  you. 

So — if  you  have  a cable  problem 
— think  of  Ankoseal — and  The 
Ansonia  Electrical  Company.We  11 
be  glad  to  hear  from  you! 


solves  cable  problems 

Ankoseal,  a thermoplastic  insu- 
lation, can  help  solve  many  elec- 
trical engineering  problems, 
now  and  in  the  future.  Polyvinyl 
Ankoseal  possesses  notable 
flame-retarding  and  oil  resisting 
characteristics;  is  highly  resist- 
ant to  acids,  alkalies,  sunlight, 
moisture,  and  most  solvents. 
Polyethylene  Ankoseal  is  out- 
standing for  its  low  dielectric 
loss  in  high-frequency  transmis- 
sion. Both  have  many  uses,  par- 
ticularly in  the  radio  and  audio 
fields.  Ankoseal  cables  are  the 
result  of  extensive  laboratory  re- 
search at  Ansonia — the  same 
laboratories  apply  engineering 
technique  in  the  solution  of 
cable  problems  of  all  types. 


^ yi  Wholly-Owned  Subsidiary  of  , 

Noma  electric  corporation 

GENERAL  OFFICES  • NEW  YORK,  N.  Y. 

In  peacetime  makers  of  the  famous  Noma  Lights-the  greatest  name  io  decorauve 

hting.  Now,  manufacturers  of  fixed  mica  dielectric  capactors  and  other  radto,  radar 
rl  plpftrnnic  eauiDment. 
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"ut  of  wartime  crucibles 
have  come  many  by-products.  Bi- 
metals— developed  for  war  needs — 
but  of  profound  value  in  peacetime 
pursuits. 


* 


* 


By  new  equipment  and  improved 
methods,  Chace  has  vastly  expanded 
its  facilities  for  bigger  production  and 
faster  delivery. 

Today,  this  greater  capacity  and  quick- 
ened service  is  being  made  available 
for  the  postwar  demand  for  Chace 
Thermostatic  Bimetals.  To  help  in 
the  production  of  such  peacetime 
products  as  require  dependable  actu- 
ating elements  for  temperature 
responsive  devices. 

wmCHACEco. 

i cJL 1 

Thermostatic  Bimetals  and  Special  Alloys 

1630  BEARD  AVI  • DETROIT  9,  MUCH. 
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DISTINCT 

TYPES 


SOLD  IN  SHEETS,  STRIPS 
and  FINISHED  FORMS 


* 


* 


possible,  WPB  has  relaxed  re- 
strictions on  the  production  of  ex- 
perimental models.  Thus,  where 
WPB  authorization  was  required 
for  the  expenditure  of  more  than 
$5,000  in  a single  plant  in  any 
calendar  month  in  making  models, 
no  dollar  limitation  now  exists. 
The  order  also  removes  the  re- 
striction on  exhibition  of  models 
to  the  trade  or  to  the  public  and  j 
permits  distribution  of  experi-  ; 
mental  models  for  the  purpose  of 
promoting  sales  and  creating  con- 
sumer  demand. 

Sound  Equipment.  It  is  reempha- 
sized by  WPB  that  intercommuni- 
cation systems  and  public  address 
systems  may  not  be  sold  on  the 
basis  of  maintenance,  repair  and 
operating.  MRO  orders  can  be 
used  to  add  stations  to  existing 
intercommunication  systems  or  to 
replace  damaged  amplifiers  where 
repairs  are  impossible — but  can 
never  be  used  for  installation  of 
sound  systems. 

Receiver  Price  Studies.  In  antici- 
pation of  a return  to  civilian  pro- 
duction, OPA  (Office  of  Price  Ad- 
ministration) officials  are  gather- 
ing data  on  manufacturing  costs 
of  radio  sets,  cabinets,  and  compo- 
nents preparatory  to  the  fixing  of 
ceilings  in  accordance  with  exist- 
ing reconversion  policies.  From 
the  point  of  view  of  parts,  the  oper- 
ation comes  under  the  direction  of 
Earle  H.  Morse,  chief  of  the  elec- 
trical section,  while  sets  and  cabi- 
nets fall  under  the  jurisdiction  of 
Daniel  L.  Jacobs,  chief  of  the  radio 
and  miscellaneous  unit  of  the 
durable  goods  price  branch. 

Civilian  Products  Released.  Re- 
vocation of  Order  L-325  releases 
the  production  of  35-mm  motion 
picture  projection  equipment,  in- 
cluding sound  and  amplifying  sys- 
tems, for  civilian  use.  Sixty  other 
limitation  orders  revoked  simul- 
taneously cover  a wide  variety  of 
types  of  equipment  including  re- 
sistance welders,  electric  office 
machines,  motor  controllers,  and 
automatic  music  devices. 

Receiver  Market.  Preliminary 
tabulations  from  the  fourth  nation- 
wide survey  taken  by  the  Office  of 
Civilian  Requirements  of  WPB 
show  that  consumer  demand  for 
household  appliances  is  far  in  ex- 


Wf 


~4 

ip 

a® 


326 


Digitized  by 


July  IMS  — ELECTRONICS 

Google 


a & jJ 


Q O ® 

VARIABLE  SOUND  WAVES  ELECTRICAL  WAVES  BROADCAST  WAVE 


RADIO  INTERFERENCE 


CHECKING  A TELEVISION  SET, 


■ mm  a m m H STILL  £ MOTION  PICTURE 

wttH  JEROME  CAMERAS 


These  graphs  show  what  the  eye  sees  on  the  fluorescent  screen 
of  an  oscillograph.  By  using  the  JEROME  Data  Camera  to 
photograph  these  tests  at  intervals  of  a few  seconds  or  min- 
utes, as  required,  you  get  a permanent  record  of  your  tests, 
and  one  that  may  be  studied  at  leisure. 

This  is  only  one  of  many  useful  tasks  on  which  the  JEROME 
Automatic  Still  and  Motion  Picture  Camera  may  be  employed. 


Changed  to  a motion-picture  camera 
at  the  flick  of  switch,  the  JEROME 
makes  Time  Studies  in  Electronic 
Manufacturing.  Or  — it  portrays 
shop  methods,  for  instructing  nov- 
ice workmen  in  their  training 
period.  See  the  28  uses  outlined 
in  the  table  opposite. 

Thi*  rugged,  35mm  camera,  with 
every  pan  strongly  built  to  resist 
vibration  or  shock,  is  extraordi- 
n*ry  in  so  many  ways  that  we 
»*y  only  hint  at  them  here. 

for  instance,  heating  equipment, 
controlled  by  thermostat,  permits 
ootion-pictures  at  a temperature 
of  60°  F.  below  zero.  For  work 


in  the  dark,  or  in  shadowy  spots 
the  camera  provides  its  own  illu- 
mination. 

There  are  two  shutters,  one  for 
each  class  of  work,  and  mounting 
for  three  different  lenses,  of  which 
two  are  provided  as  standard 
equipment. 

Speeds  — On  Movie  Work  — ap- 
proximately 4 to  64  frames  per 
second.  On  Data  Work  - intervals 
of  from  15  seconds  to  30  minutes. 
Furnished  with  substantial  tripod, 
or  may  be  rigidly  clamped  to  bench 
or  fixture.  Read  all  about  this  un- 
usual Industrial  Camera.  WRITE 
FOR  FULL  INFORMATION. 


28  Ways  to  Use  JEROME  Cameras 


1 Photograph  Instrument  P*"®}"- 

1 registering  lnstruments.slngle, 

multiple  frame,  at  pre-doter- 
mlnea  Intervals. 

9 Gun  camera  — recommended  f®r 

2 heavy  guns  — 35  mm.  Superiority 
over  8 mm.,  lo  mm. 

JAa  an  Ordinary  Camera:  Despite 
special  design  camera  can  bo 
used  aa  regular  35  mm.  camera. 

I Ground  and  aerial  reconnaissance. 

“ surveys. 

c Recording  duplications.  Maps, 
3 i,  valuable  documents, 
a Medical  research,  f,u.oro‘*°Pe 
■ screen  and  microscopic  photo- 
graphic recording. 

7 Chemistry,  records  chemical  re- 
» search  A action, 
ft  Coast  Survey.  Aerial  Rcconnsls- 
B nonce.  Recording  of  depth  and 
sounding  Instruments. 

JBuoy  survey  and  patrol  of  sea 
in  critical  areas. 

Electronic  Research  Instrument. 
!■  photographically  records  cathode 
ray,  oscfloscope. 

«1  Detection.  automatically  photo- 
II  graphs  objects  passing  within 
camera  range. 

1<f  Test  work,  general  Instrument. 
12  recording  test  performances, 
techniques. 

M Training  Film,  all  types  of  school 
and  educational  photographs  for 
training  purpose,  class  room. 

UDeck  Observation  Camera,  re- 
cords  deck  action  or  position  of 
ships  In  convoy. 


ic  production  Check  Camera,  chocks 
I®  machine,  manual  operatlona.  In- 
creasing efficiency. 

1ft  Aerial  observation.  At  Pre  set  *"' 

ii  ■ssssttf  ffifi. skmms: 

construction  analysis. 

1C  Performance 

IB  oration,  gun  crew  action.  Record- 
ing for  future  study. 

M Aircraft  Landings  * 

mounted  on  control  tower.  Rec- 
ords unusual  Incidents. 

M Aerodynamics  research  and  flight 
test  operations. 

91  Material  Testing.  Automatic  test- 
21  ing  characteristics  of  materials, 
recording  for  analysis. 

99  Meteorology.  Isolated  T*®*1*" 
a*  Instruments  and  cloud  formation 
and  climatic  study. 

» Traffic  Check.  Dangerous  road 
Intersections.  Tunnel  and  bridge 
traffic  analysis. 

H Marine  observation,  underarster 
photography  fluora,  fish  habitats. 

H Firing  Data  Recording.  Complete 
gun  firing  record,  corrector  range 
and  site. 

M Front  Line  Warfare.  Tank  and 
listening  post  observation. 

H Restricted  Area  Detection. 

tcrs  pedestrian  traffic  thru  gates, 
doors. 

9ft  Photoelectric  Cell  operating  cam- 
20  era  operating  from  sound  and 
vibrator  detection. 


fT 


o 


JEROME  ENGINEERING  CO. 

MASSAPEQU A,  L.  I.,  N.Y. 

ORIGINATORS  OF  THE  AUTOMATIC  RECORDING  CAMERAS 
BUILDERS  OF  PHOTOGRAPHIC  EQUIPMENT 
UNIVERSAL  CAMERAS  FOR  EVERY  TECHNICAL  REQUIREMEN 

PHONE:  MASSAPEQUA  2TOO 
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QUICK  DELIVERY  ON  LEADING  MAKES  OF 


WIRE  & CABLE 

for  Radio  and  Power  Use 


STOCKS  OF  MANY  TYPES  ON  HAND 

Meeting  urgent  needs  for  Wire  and  Cable  is  a specialized 
job  at  ALLIED.  From  this  one  central  source,  shipments  go 

constantly  to  industry,  armed  forces,  government  agencies 
and  research  laboratories.  Here  are  gathered  all  leading 
makes,  in  all  wanted  types,  for  radio  and  power  use. 


Helpful 

BUYING 

GUIDE 

Available 
on  Request 
Write  for  it! 


BELDEN  ALPHA  LENZ  CORNISH 
ANACONDA  CONSOLIDATED  AMPHENOL 

Power  . Multi-Conductor  . Solid  and  Stranded 
Natural  and  Synthetic  Rubber-Covered 
Shielded  • Indoor  and  Weatherproof  • Coaxial 
Transmitting  and  Receiving  . Telephone 
Microphone  • Intercom  • Hook-up  • High-Tension 
Magnet  • Aerial  • Twisted  Pair  • lamp  Cord 

Large  and  varied  stocks  of  Wire  and  Cable  are  main- 
tained  for  rush  service.  Close  contact  with  manufacturers 
expedites  procurement.  Whether  your  requirements  be 
large  or  small— save  time  and  work— call  ALLIED  first! 

WRITE,  WIRE,  OR  PHONE  HAYMARKE T 6800 
Jor  Everything  in  Radio  and  Electronics 


ALLIED  RADIO 


CORPORATION 


833  W.  Jackson  Blvd. 


•- 


Dept.  24-G-5 


Chicago  7,  Illinois 


SUPPLIERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
Electronic  Tubes,  Rectifiers.  Power  Supplies.  Intercommunicating  Systems.  Sound  Systems  Photo-Cell  Eo 
ment.  Batteries.  Chargers.  Converters.  Generators.  Supplies  for  Resistance  Welders  Fuses'  Test  Instr  m ,P 
Meters,  Broadcast  Statron  Equipment.  Relays.  Condensers.  Capacitors.  Resistors,  Rheostats  Transform.  ' 
Switches.  Coaxial  Cable.  Wire.  Soldering  Irons.  Microphones,  Speakers,  Technical  Books  etc  CfS' 


cess  of  the  demand  in  any  year 
before  the  war.  Including  only 
households,  and  not  apartments 
and  new  housing,  the  figures  rep-  i 
resent  demands  as  of  the  date  of  * 
the  survey,  which  was  shortly 
before  V-E  Day.  Assuming  that 
supplies  were  ample,  it  is  projected 
from  the  results  that  5,085,000 
radios  were  in  demand  as  against 
only  2,682,000  a year  ago.  From 
the  second-hand  point  of  view  it 
was  brought  out  that  429,000 
households  had  sought  unsuccess- 
fully to  purchase  radios,  while 
913,000  found  units  to  buy.  13 
percent  of  these  were  new.  Radios  i. 
were  the  only  items  among  house-  ' 
hold  appliances  where  the  number 
actually  bought  exceeded  the  num- 
ber looked  for  unsuccessfully. 


Quabtz  Crystals.  An  amend- 
ment to  Conservation  Order  M-146,  I 
issued  by  WPB,  eliminates  the  pro- 
vision for  application  of  certain 
quartz  crystal  production  under  the 
spot  authorization  plan.  Con- 
sumers in  hardship  cases  are 
directed  to  appeal  by  letter  to  the 
Miscellaneous  Minerals  Division. 
The  new  order  allows  the  use  of 
quartz  in  the  manufacture  of  re- 
search or  production  instruments 
on  any  ratings  and  also  eliminates 
a former  prohibition  against  fab- 
ricating radio  oscillator  plates  and 
filters  from  quartz  scrap. 

FCC  ACTS 

To  permit  this 

station:  To  do  this: 


WJXN 

Jackson,  Miss. 
WJAX 

Jacksonville,  Fla. 
WPAG 

Ann  Arbor,  Mich. 
W4XAP 
Birmingham,  Ala. 

W2XCS 

New  York,  N.  Y. 


Cadillac,  Mich. 

KEUB 
Price,  Utah 
WSTN 

Staunton,  Va. 


Tulare,  Calif. 


Milwaukee,  Wis. 


WLBG 

Philadelphia,  Pa. 
KCRA 

Sacramento,  Calif. 
WBHD 

Petersburg,  Va. 


Operate  a new  station  on  1 490  kc, 
950  w,  unlimited  time. 

Operate  new  auxiliary  transmits. 

Operate  a new  station  on  1050  kc, 
950  w,  daytime. 

Operate  a new  developments! 
broadcast  station  on  frequency  to 
be  assigned,  950  w. 

Extend  completion  date  for  new 
experimental  television  broadcast 
station  to  Nov.  19,  1945. 
Construct  a new  station  to  operate 
on  1940  kc,  950  w,  unlimited 
time. 

Change  call  letters  to  KOAL. 

Construct  a new  station  to  operate 
on  1400  kc,  950  w,  unlimited 
time. 

Construct  a new  station  to  operate 
on  1940  kc,  950  w,  unlimited 
time. 

Construct  a new  development 
broadcast  station  at  the  transmits 
site  of  WMFM.  Emission:  A0 
and  special  for  FM. 

Change  call  letters  to  WIBG-FM. 

Operate  a new  station  on  1 340  kc, 
950  w,  unlimited  time. 

Change  call  letters  to  WSSV. 
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fVkrf  (to  you  meet  to  mefu/s 


ECONOMY 

CORROSIOH  RESISTANCE 

EASE  OF  FABRICATION 

6 

EASY  SOLDERING 

ELECTRICAL  CONDUCTIVITY 

_ 

“i  r 

SHEET,  WIRE,  TUBE 

0^ 


You'//  fine/  ffo  answer  fa  Senera/  fl/a/e  lam/nafa/ Afefir/s 


The  versatility  of  General  Plate  Laminated  Metals 
I Possible  the  fabrication  of  parts  with  exceptional 
ectncal  performance  . . . corrosion  resistance  . . . me- 
cal  and  structural  properties  . . . long  wearing 
Ue  ■ • ■ and  economy. 

Hit  ?<r5anently  bonding  precious  metals  to  base 
DrJ;  0eneral  ^ate  Laminated  Metals  give  you  solid 
thanT  v?etal  Perf°rmance  at  a cost  slightly  higher 
Drov'ri  aas?  Base  to  base  metal  combinations 
sinoil  u spee‘a'  Performance  requirements  not  found  in 
debase  metals. 

your  metal  requirements  in  such  appli- 


^RONICS-J^ ,„5 


cations  as  electronic  devices,  electrical  products,  signal 
control  apparatus,  chemical  equipment  . . .anything 
from  peanut  radar  tubes  to  giant  turbines,  it  will  pay 
you  to  investigate  General  Plate  Laminated  Metals  for 
present  and  post-war  products. 

They  are  available  in  sheet,  wire  and  tube  form  ...  in- 
laid or  wholly  covered  ...  or  as  fabricated  parts.  Many 
new  clad  combinations,  developed  since 
now  available.  Our  engineers  are  available  for  consulta- 
tion. Write  for  their  services. 

General  Plate  Division 

of  Metals  A Controls  Corporation 

50  Church  S...  N.wYork.  N.Y.,  205  ^ 

Drive,  Altadena.  Coliformrr,  Grant  tlrlo., 

ATTLIBORO,  MASSACHUSITT* 
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Rotary  speeds  from  600  to  600,000 
RPM  — or  vibrations  from  10  to  10,000 
CPS  — can  be  "stopped”  and  studied 
with  the  Model  1200  Stroboscope.  The 
light  source  is  mounted  in  a small  probe 
at  the  end  of  a five-foot  flexible  cable. 


This  makes  it  easy  to  examine  small  objects  at  close  range.  Provision  is 
made  to  operate  the  unit  from  external  tuning  fork  or  crystal  standards, 
where  extreme  accuracy  is  required.  The  motion  of  objects  moving  at 
irregular  speeds  may  also  be  "stopped"  with  the  Model  1200.  An  accu- 
rate repetitive  pulse  rate  is  obtained,  as  the  pulses  are  derived  from  a 
stable  audio  oscillator. 


Not  only  does  this  eliminate  the  necessity  for  constant  readjustment 
of  the  repetitive  rate,  but  it  also  insures  clearly  defined  Images  at 
high  speeds. 

For  greater  flexibility,  a light  intensity  control  switch  Is  also  provided. 
This  enables  the  user  to  control  both  the  Intensity  of  the  light  and  the 
duration  of  the  pulse  length. 
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WRITE  FOR 

DESCRIPTIVE 

BULLETIN 
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COMMUNICATION 

MEASUREMENTS 

LABORATORY 

RfMrMc  • UmIimH  Bmr.Hr,  . Nn,  S.*y 

120  GREENWICH  ST..  NEW  YORK  «.  N.  Y. 


Masscnt,  N.  Y. 


Santa  Maria,  Calif. 
KINY 

Juneau,  Alaska 


Columbis,  Ohio 
W7XTE 
Portland,  Ore. 

W3XPA,  W3XPC, 
W3XP 

Philadelphia,  Pa. 


Construct  a new  station  to  optutt 
on  1340  kc,  250  w,  unliniud 
time,  contingent  on  WPB  authori- 
zation. 

Construct  a new  station  to  optriit 
on  1450  kc,  250  w,  unlimited 
time,  contingent  on  WPB  authori- 
zation. 

Operate  with  i no  ease  in  power, 
newly  installed  transmitter,  end 
changes  of  antenna. 

Construct  a new  relay  broadu* 
station  to  operate  with  WOSU. 
Extend  completion  date  of  ntw 
developmental  broadcast  station  to 
Dec.  30. 1945. 

Increase  power  to  40  w,  add  A3 
emission;  change  antenna  end 
transmitter;  and  change  area  to 
Washington,  Philadelphia  and  New 


W3XPD,  W3XPE, 
W3XPF,  W3XPG 
W3XPH,  W3XPI, 
W3XPK 
Portable-mobile 


W3XPR 

New  York,  N.  Y. 


Portable-mobile 

WGY 

Schenectady,  N.  Y. 

WMAZ 
Macon,  Ga. 


WEHS 
Chicago,  III. 

KOB 

Albuquerque, 

N.  M. 

KVSO 

Ardmore,  Okla. 


Change  power  to  40-w  (peak) 
visual,  40-w  aural,  change  type  of 
transmitter  and  antenna,  extend 
commencement  and  completion 
dates  of  experimental  relay  station 
to  60  and  1 80  days,  respectively, 
change  areas  to  Central  Maryland, 
N.  E.  Maryland,  S.  E.  Penn- 
sylvania and  District  of  Columbia. 
Modify  construction  of  new  experi- 
mental television  broadcast  station 
to  increase  power  to  40  w,  add  A3 
emission,  change  area  to  Weshinj- 
ton,  Philadelphia  and  New  York, 
change  transmitter  and  extendcom- 
mencemcnt  and  completion  dates 
to  60  and  180  days,  respectively. 
Construct  new  experimental  tele- 
vision relay  broadcast  station  to  be 
used  with  WPTZ. 

Operate  with  decrease  in  power 
and  changes  in  transmitting  equip- 
ment of  auxiliary. 

Operate  auxiliary  transmitter  and 
move  to  site  of  main  transmits 
with  increase  in  power  to  1 kw  and 
use  of  DA  for  day  and  night 
, operation. 

Extend  completion  date  of  new 
f-m  broadcast  station  to  July  8, 
1945. 

Extend  for  6 mo.  operation  on 
770  kc,  25  kw  night,  50  kw-b, 
unlimited  time. 

Increase  nighttime  power  from  100 
to  250  w. 


BUSINESS  NEWS 

J efferson-Travis  Radio  Mfg. 

Corp.,  makers  of  communications 
equipment,  and  Fonda  Corp.,  manu- 
facturers of  continuous  sound  re- 
cording equipment,  are  merged 
into  the  Jefferson-Travis  Corp. 


Raytheon  Mfg.  Co.  moves  the  New 
York  offices  of  its  radio  receiving 
tube  division  from  420  Lexington 
Ave.  to  60  East  42nd  St.— the  Lin- 
coln Building,  New  York,  N.  Y. 


Belmont  Radio  Corp.,  as  agent  of 
Defense  Supplies  Corp.,  takes  over 
a plant  containing  72,000  sq  ft.  of 
floor  space  to  serve  as  a regional 
redistribution  center  for  surplus 
military  electronic  and  radio  ma- 
terial. 

Philco  Radio  and  Television 
Corp.  has  formed  a new  television 
broadcasting  division  which  brings 
together  all  Philco  telecasting 
activities  including  operation  of 
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HERMETICALLY 

SEALED 

WEIGHT: \k  OUNCES 

MOUNTS  IN  A 
1"  PANEL  OPENING 


MB  MAKES  THEM... 


the  smallest  millivoltmeters  — voltmeters  — ammeters 

milliammeters  and  microammeters 


BACK  OF  PANEL 

« — * — f 

Mounting  Dunemions  — model  100 


MB  Miniature  Ammeters 
’~*t  kft’  1 '***  diameter,  model  100; 
right,  1 Vfc  inch  diameter,  model  150. 


for  Aircraft  and 
Portable  Equipment  . 

TINY  ENOUGH  to  fit  into  the  smallest  space,  this  unusual 
I new  MB  series  of  electrical  indicating  instruments,  will  meet 
most  exacting,  rigid  tests  for  accuracy,  performance  and  dur- 
ability. They  are  hermetically  sealed  in  a rugged  anodized 
aluminum  case  which,  in  turn,  can  be  sealed  to  the  mounting 
panel  itself.  Wherever  space  and  weight  in  electrical  indicating 
instruments  are  at  a premium,  this  new  MB  series  is  the  answer. 

In  addition  to  the  one  inch  meter,  MB  also  makes  a one 
and  one  half  inch  meter,  weighing  one  and  one  half  ounces, 
with  the  same  type  of  construction  and  offering  the  same 
advantages. 

Write  for  new  catalog  to  Dep’t.  E,The  MB  Manufacturing 
Company,  Inc.,  Instrument  Division,  250  Dodge  Avenue, 
East  Haven  12,  Connecticut. 


“““■a-** 


THE  MB  MANUFACTURING  COMPANY,  INC. 

INSTRUMENT  DIVISION 

2S0  DODGE  AVENUE,  EAST  HAVEN  12,  CONN. 
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Station  WPTZ  and  the  new 
sion  network  between  Wash 
and  Philadelphia. 

Radio  Corp.  of  America  is 

ing  under  a unique  manpowei 
mg  plan  with  Prudential  Insj 
Co.  at  Newark,  N.  J.  RCA  (i 
stalled  a production  operatij 
the  premises  of  the  insurant'! 
pany  and  employs  a group  < 


company’s  personnel  for  part 
operation.  The  illustration  s 
a view  of  the  40  Prudential 
typists  and  clerks  who  are  woi 
in  two  shifts  of  four  hours 
on  a simple  assembly  operatioi 
miniature  electron  tubes. 


PERSONNEL 


Harry  C.  Ingles,  major  gen 
Chief  Signal  Officer  of  the  A 
was  presented  with  an  hono 
degree  of  doctor  of  engineerin 
the  trustees  of  the  Universit. 
Nebraska  for  his  outstan 
accomplishments  in  the  fie 
communications  engineering. 


armed  services  and  to  contribute  to  the  de- 
pendability of  rugged  radio  equipment  that 
is  helping  to  save  lives  all  around  the  world. 
This  closeup  of  a nice  job  of  coil  winding 
shows  a complete  RF  assembly  — just  one  of 
the  many  precise  jobs  we  can  do.  If  specifica- 
tions call  for  a coil  of  extra  quality  call  on 
Electronic  Winding. 


*alph  R.  Beal,  assistant  to 
dee  president  in  charge  o 
jaboratories  and  for  nine  J1 
esearch  director  of  RCA,  beco 
ice-president  of  RCA  Common 
ions  Inc.  in  charge  of  engineer 

Ieorge  T.  Brownell,  signal 
sr  and  lieutenant  colonel  in 
i+h  armored  division,  is  m 


Zlec^mic^iutduuy  Co. 


5031  BROADWAY 
CHICAGO  40,  ILL. 


★ ★ MANUFACTURERS  OF  EXTRA 
QUALITY  COILS  FOR  PRECISION 
COMMUNICATIONS  EQUIPMENT 
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Electrolytic, 
Film  and  Paper 
CAPACITORS 


the  \ 


Ul 


Save  Chassis  Space  with 

MALLORY  "WB”  CAPACITORS 


w, 


. . HEREVER  chassis  space  has  to  be 
figured  in  fractions  of  an  inch ...  in  small 
AC/DC  receivers,  for  instance  . . . you’ll 
be  wise  to  specify  Mallory  "WB”  Capacitors. 

These  dry  electroly  tics  are  designed  and  built 
to  combine  top  efficiency  with  minimum  size 
for  their  capacity  rating. 

To  prevent  moisture  absorption,  loss  of  elec- 
trolytic, and  to  withstand  destructive  tem- 
perature changes,  each  "WB”  capacitor  is 
hermetically  sealed  in  an  aluminum  case 
and  is  covered  with  a waxed  cardboard  tube 
that  avoids  shorting  in  crowded  installations. 

P.  R.  MALLORY  & CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


End-sealing  wax  has  been  eliminated  to 
reduce  the  length  still  further. 

Mallory  "WB”  Capacitors  are  available  from 
stock  in  rated  capacities  from  10  mfd.  at 
25  volts  to  16  mfd.  at  450  volts. 

The  Mallory  catalog,  listing  characteristics 
of  "WB’s”  and  other  Mallory  precision 
capacitors,  variable  and  fixed  resistors, 
switches,  vibrators,  rectifiers  and  other 
electronic  parts,  is  available  free  from  your 
nearest  Mallory  Distributor.  Ask 
him  for  a copy,  or  write  us  today. 
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Radio  & Television  G 
Charles,  111. 

Harvey  W.  Smith,  electr 
neer  specializing  in  tra 
design,  joins  the  engineer 
of  Glenn-Roberts  Co., 
Calif.  He  will  head  the 
and  development  activitie 
company. 

Stanford  C.  Hooper,  fj 
navy  radio  and  consulting 
for  Automatic  Electric  C 
cago,  111.,  receives  the  Frai 
stitute’s  Elliott  Cresson  M 
1945.  Admiral  Hooper  was 
for  his  pioneering  leadershi 
field  of  radio  for  the  Unite 
Navy.  In  the  accompanyir 


Radio  and  Radar . . . antenna  tuners,  wave  guides  and  stabilizers 
. . . function  at  new  high  levels  of  efficiency  because  of  laminated 
precious  metal  tubing  and  solid  coin  silver  tubing. 

The  entire  Electrical  Industry  has  been  quick  to  recognize  the  fact 
that  laminated  precious  metal  tubing  maintains  delicate  electrical 
properties  without  variance  under  any  climatic  or  atmospheric  condi- 
tions. It  is  therefore  ideal  for  electronic  applications,  high  frequency 
radio  parts  and  delicate  instrument  assemblies. 

Gold,  silver,  platinum  and  palladium  or  special  precious  metal 
alloys  laminated  to  base  metal  have  made  these  things  possible . . . 

• The  desirable  electrical,  mechanical  or  chemical  qualities  of  the  precious 
metals  have  been  added  to  the  strength  or  other  desirable  properties  of 
base  metals,  precisely  where  and  as  required. 

• Precious  metal  properties  of  corrosion  resistance,  electrical  superiority, 
and  durability  are  obtained  without  solid  precious  metal  costs. 

• Uniform  maintenance  of  lamination  ratios  with  no  porosity,  pit  marks 
or  defects. 

• Finer,  more  lasting  finishes  than  are  otherwise  obtainable  in  base  metals. 

Almost  every  conceivable  shape  of  tubing  may  be  had.  Rings, 
sleeves  and  jackets  are  quickly  and  economically  cut  from  laminated 
tubes.  Machining  and  forming  operations  can  often  be  eliminated  or 
reduced  by  the  use  of  specially  shaped  tubing. 

To  assist  you  in  the  application  of  our  products  to  your  products 
we  are  maintaining  a staff  of  thoroughly  experienced  metallurgists, 
chemists,  designers  and  consultants ...  an  up-to-date  research  and 
testing  laboratory  . . . and  a splendidly  equipped  tool  room.  These 
are  all  at  your  service  to  cooperate  with  your  own  staff  to  the  full  extent 
of  our  facilities. 

Your  inquiries  are  cordially  invited.  Ask,  too,  for  a copy  of  our  new 
descriptive  folder. 


PRODUCTS 


SHUTS  • WIRT  • TUBING  • SOLDCRS 
FABRIC  AT  CD  PARTS  AND  AS  ST  MALI  T S 


D.  E.  MAKEPEACE 

Mam  Office  and  Plant  ATT'  "BORO.  MASS. 


COMPANY 

New  York  Office.  30  Church  St. 


tration  he  is  receiving  the 
from  Charles  S.  Pelling,  pr- 
of Franklin  Institute,  cente 
presented  at  the  same  ceremc 
Franklin  Medal  to  Dr.  I 
Shapley,  director  of  Harvar 
lege  Observatories  and  prc 
of  astronomy,  for  his  work  i 


science. 


awards 


Workers  of  the  following 
cerns  in  the  electronics  field 
been  awarded  Army-Navy  bu 
for  excellence  in  production. 

Induction  Heating  Co. 
New  York,  N.  Y. 

International  Detrola  Cor 
Detrola  Radio  Div. 
Detroit,  Mich. 

Machlett  Laboratories, 

Power  Tube  Division 
Norwalk,  Conn. 

Pilot  Radio  Corp. 
Long  Island  City,  N.  Y. 

Rauland  Corp. 
Plants  No.  1,  2,  3,  and  4 
Chicago,  IH. 

Sylvania  Electric  Products,  h 
Wakefield,  Mass. 

July  1945-tttCUOt 
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106-A 

SERIES 


WITH  MOUNTING  ACCESSORIES 


The  TYPE  106-A  AMPLIFIER  is  a »wo-stag«  medium  fixed 
gain  preamplifier,  designed  for  use  in  high  quality 
broadcast-speech-input  or  sound  systems.  The  low  noise 
level  generated  within  the  amplifier  and  its  excellent 
frequency  response  make  it  particularly  desirable.  It  is 
small  in  size.  Three  106  amplifiers  can  be  mounted  in  a 
lOte"  rack  space.  It  requires  an  external  power  supply 
such  as  the  Langevin  201 -B. 


ELECTRICAL  CHARACTERISTICS 


^Approximately  39  db  with  provisions  for 
easing  to  29  or  1 9 db  maximum. 

ATES  FROM  — Source  impedance  of  30/ 
/6Q0  Ohms. 

RATES  INTO-Load  impedance  of  600  Ohms. 

UT  POWER — [-16  dbm  with  less  than  1% 
R'M.S.  harmonic  distortion  at  400  cycles 
I*  frequency. 

JlNOjSE-The  unweighted  noise  gener- 
'ed  within  the  1 06-A  amplifier  is  equivalent  to  an 
signal  of  — 119  dbm  (db  below  .001  Watts) 
a band  width  of  20,000  cycles. 


FREQUENCY  CHARACTERISTIC— Production  run 
rt.5to  1 db  over  the  range  30-1 5000  c.p.s. 

METERING  CIRCUITS-Designed  for  plate  current 
reading  on  a percentage  type  meter. 

POWER  REQUIREMENTS-FILAMENT  6.3  Volts, 
.6  Amperes.  PLATE  275  Volts,  8 Milliamperes. 


**’•  type  3A  mounting  from*,  requiring  10'/j  inches  rack  space, 
*'!l  ot(on*modate  up  to  THREE  106  Series  Amplifier,  and  i<  «uit- 
• • lor  wall  mounting  cabinet  or  rack  and  panel  initallation.. 


The  Lanqevitt  Company 

^ INCORPORATED  ” 


INCORPORATED 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 

NEWY<5RK  SAN  FRANCISCO  IOS  ANGELES 

37  W 65  St  ri  u . ..  - 1000  N.  Seward  St.,  3B 


igitizea  Dy 


NEW  PRODUCTS 

Month  after  month,  manufacturers  de- 
velop new  materials,  new  components, 
new  assemblies,  new  measuring  equip- 
ment; issue  new  technical  bulletins,  and 
new  catalogs 


Me  in  five  bands  which  are  select* 
on  the  front  panel.  Modulation  * 
the  unit  (30  percent  in  accordant 
with  IRE  recommendations  for  r 
ceiver  testing)  is  effected  by  tl 
constant-current  method  on  tl 
plate  of  the  oscillator  tube.  Change 
in  line  voltage  and  attenuator  se| 
tings  do  not  affect  the  frequency  d 
the  instrument.  Type  SG-3A  give 


High-Sensitivity  Resistors 

G.  M.  Giannini  & Company  (161 
E.  California  St.,  Pasadena,  Calif.) 
state  that  their  autoflight  high- 
sensitivity  resistors  are  the  first  of 
their  kind  to  be  built  in  the  United 
States.  Overall  dimensions  of  the 
components  are  1£  x liV  in.  diam- 
eter and  they  are  capable  of  pro- 
ducing from  a low-torque  rota- 
tional movement  a variable  electric 
resistance.  They  can  be  connected 
directly  to  sensitive  low-torque  ap- 
paratus such  as  aircraft  flight  test 


Metal  Tube-Shield 

Model  J-583  shield,  for  5-in.  cath- 
ode-ray tubes,  meets  Navy  require- 
ments for  shock  resistance.  The 
shield  is  constructed  of  0.025-in. 
Mu-metal  and  is  hydrogen  annealed 
at  1100  deg  C to  achieve  magnetic 


shielding.  A rear  clamp  grips  both 
the  tube  base  and  the  socket  of  the 
tube  so  as  to  hold  them  firmly  to- 
gether at  all  times.  For  added  shock 
protection  the  shields  have  sponge- 
rubber  linings  on  the  clamp  and  be- 
tween the  shield  hood  and  the  tube 
face.  The  shield  is  easily  removed 
from  tubes,  when  necessary.  Me- 
tallic Arts  Co.,  243  Broadway,  Cam- 
bridge 39,  Mass. 


directly  calibrated  readings  of  r-i| 
output,  with  subdivided  readings  oi 
signals  of  0.5  to  100,000  microvolts, 
at  all  frequencies  from  100  kc  t( 
82  Me.  Signals  up  to  64  Me  an 
available  by  the  use  of  second  har- 
monics. A vacuum  tube  voltmeter 
monitors  the  output  of  the  mod- 
ulated oscillator  to  the  attenu-, 
ator  while  a panel  control  is  used 
to  maintain  a constant  level.  Five 
complete  reading  scales  are  pos- 
sible. 

Type  UM-4  Unimeter  can  be 


recording  instruments  and  will  op- 
erate relays  or  recording  systems 
without  the  use  of  amplifiers,  and 
from  a simple  d-c  source.  The 
manufacturer  also  states  that  their 
development  is  a step  forward 
toward  the  simplification  of 
delicate  circuit  measurements, 
particularly  in  laboratory  or 
industrial  applications  where  pho- 
toelectric  cells  and  amplifiers  are 
required.  Units  come  in  various 
sizes  from  100  to  1500  ohms,  and 
from  4 to  15  watts.  Only  2 gram- 
millimeters  input  torque  to  over- 
come friction  is  required.  This  low 
value  is  secured  by  use  of  a jewel- 
supported  shaft,  the  contact  mech- 
anism being  made  with  the  accur- 
acy of 


Signal  Generators 

Two  NEW  signal  generators  (Types 
SG-2A  and  SG-3A)  and  a new 
multi-range  measuring  instrument 
(Type  UM-4)  have  been  announced 
by  the  Specialty  Div.,  General  Elec- 
tric Company’s  Electronics  Depart- 
ment, Schenectady,  N.  Y.  Type 
SG-2A  generator  provides  a signal 
source  only,  the  other  (SG-3A) 
gives  calibrated  output  readings. 
On  fundamental  frequencies  SG-2A 
covers  a range  of  100  kc  to  32 


to  cathode-ray  tub. 
high  voltage  uses,  as  mU  " ' 
dustrial  and  radio 
where  voltage,  current  and 
tance  measurements  are  req  ^ , 
Safety  protection  on  the  m ^ 
provided  for  the  operator.  On  • 
the  unit  operates  from  z 
10,000  volts  at  20,000  ohms  P ^ 
On  a-c  ranges  it  operates  r j 

to  10.000  '.Its  at 

5000  ohms  per  volt.  Dir  8inp 
ranges  extend  from  1 
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quick  visual  indication 

UUIVII  Wi  Meo„  Glow  Lamps 


for  quick 

the  Unique 


Characteristics  of  G-E  Neon 


* s&ji  IT 

l Tie  unique  characteristics  of  General 
Electric  Neon  Glow  Lamps  recommend 
0m  for  a variety  of  uses  in  radios  and 

ttedronic  devices  ...  as  indicators,  volt- 

1,  i^e  regulators,  pilot  lights  and  test  lamps. 

1 ^ uses  described  at  right  are  typical.  If 
— tm  think  G-E  Neon  Glow  Lamps  can  be 
fri'nl  to  you,  write  or  phone  the  address 
tlow.  Experienced  General  Electric  Lamp 
Engineers  will  be  glad  to  discuss  your 
problems  with  you. 

CONSIDER  THESE  ADVANTAGES 

1.  Distinctive  orange-red  glow— no  colored  cover 
1 T gloss  needed. 

1.  Dependable  performance  and  long  life  — 
W # rated  at  3,000  hours. 

» ' 3.  Very  low  current  consumption — less  than  Vi 

« ' milliampere  for  smallest  lamp. 

! I I.  Variety  of  sizes  and  wattages. 

L High  resistance  to  vibration,  shock. 

L formally  usable  on  a-c  or  d-c. 

i.  Screw  base  lamps  for  105-125  v.  circuits; 
i is  I similar  lamps  available  with  bayonet  bases, 
but  external  resistance  required. 

I L Produce  practically  no  heat. 

I.  Nearly  flat  volt-ampere  characteristics. 

—i  A Insensitive  to  voltage  variations  above 
critical  value. 


Ur  Cl  For  genenl  indication,  such 
as  showing  existence  of  po- 
tential across  various  parts  of  elec- 
trical circuits. 


|tr  O One  of  the  tnost  widely  used 
DL  - indicator  and  test  lamps  — 
popular  because  of  compactness  and 
small  size.  Nominal  wattage  is  only 
1/25  watt.  This  lamp  is  unbased— 

t _ ? * _ 1 - 


Mr  JO  (also  NE-16).  Indicator 
*0  lamps.  Special  volt-ampere 
characteristics  of  these  lamps  indi- 
cate use  as  voltage  regulators.  Screw 
base  lamp  available  as  NE-45.* 


NE-17 


Indicator  and  pilot  light 
lamp  that  flashes  to  show 
condition  of  B-battery  in  portable 
radios.  Frequency  of  flashes  decreases 
as  battery  runs  down. 


•NE-16  meets  JAN-lA  specifications  for  991.  Special  marking  JCG-991  supplied 
for  small  extra  charge. 


ORDER  NO.  | 

NE-2 

NE-51 

NE-17 

NE-48 

— 55 — 

NE-16 

NE-45 

NE-30 

NE-32 

NE-34 

NE-36 

NE-40 

NE-42 

•atNwM 

Hi 

Hi 

® 

V. 

v* 

V* 

1 

1 

2 

2 

3 

3 

105-125 

106-125 

105-125 

105-125 

105-125 

105-125 

105-125 

105-125 

105-125 

105-125 

105-125 

!*c 
i DC 

65 

90 

65 

90 

® 

65 

90 

® 

65 

90 

S5 

60 

85 

60 

85 

60 

85 

60 

85 

60 

85 

its 

★Unbased 

(Win 

Terminals) 

★S.C. 
Bay.  Min. 

*D.  C. 
Bay.  Cand. 

★D.  C. 
Bay.  Cand. 

★D.  C. 
Bay.  Cand. 

Cand. 

Screw 

1 Medium 
1 Screw 

★ D.  C. 
Bay.  Cand. 

Medium 

Screw 

★ Sk.D.C. 
Bay.  Cand. 

Medium 

Screw 

★Sk.D.C. 
Bay.  Cand. 

® 

.V 

ww* 

1VA- 

1V4- 

W 

in* 

2VSa* 

V 

3M»* 

3%* 

3VU' 

3y«* 

% 

sue 



$.10 

S.45 

$.35 

SM 

$.40 

$.40 

$.45 

$.50 

$.55 

$.60 

$.65 

b-iU'ff  "L'MI  'ii'  i i'V  i1  asffifcasaiM 

For  further  information,  write  address  below  for  Bulletin  7100 


NILA  SPECIALTY  DIVISION  LAMP  DEPARTMENT 


GENERAL  m ELECTRIC 


1 Newark  Street,  Hoboken,  N.  J. 
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Google 


WESTERN  AVE  . CHICAGO  12.  ILL 


to  10  amp  in  6 steps,  and  ies 
measurements  are  provided 
3000  ohms  to  10  megohms 
steps. 


GET  THE  EQUIPMENT 
BEST  ADAPTED  TO 
YOUR  NEEDS 


Industrial 

Electronic  Power 
is  a familiar  sub- 
ject to  our  long 
experienced  power  i 

engineers.  They  are  ( 

eminently  qualified 
to  suggest  the  in- 
stallations best  suit- 
ed to  your  needs. 

So  . . don’t  take 
chances.  Submit 
your  power  supply 
problems  to  W-J- 
Complete  lines  of 
constant  voltage 

transformers,  power 

supplies,  inverters, 
converters,  power 
plants,  and  variacs 
are  kept  in  stock 
always!  You  can 
therefore  depend 
upon  us  not  only 
for  speedier  deliv- 
eries, but  also  for 
the  type  of  installa- 
tion that  will  prove 
most  practical  and 
efficient  for  you. 

The  coupon  below, 
mailed  today,  will 
quickly  bring  you 

interesting  addi-  V 

tional  information. 


etc  where  a manual  on  and  oil 
knob  is  desired.  The  knob  which 
controls  the  temperature  setting 
can  be  located  any  distance  from 
the  thermostatic  element  by  length- 
ening the  cam  shaft.  The  unit  is 
available  in  three  adjustable  tem- 
perature brackets:  50  to  300,  o0  to 
450,  and  50  to  700  deg.  F.  Geoige 
Ulanet  Company,  88  E.  Kinney 
Street,  Newark,  N.  J. 


The  tributes  paid  to  Blac 
discs  by  many  leading  en 
have  been  earned  by 
guished  service  on  the  m 
--  will  recognize 

quality  of  re 


Your  ears 
ference  in 
lion,  and  the  longer 
life  will  prove  the  superiority 

Black  Seal"  construction.  Cho 

ol  two  weights  - thin.  0**U 

interchangeable  with  alum 
or  medium  weight -both 
four  holes. 

An  AA-2X  rating  is  automaticr 
available  to  broadcasting  • 
tions,  recording  studios  c 
schools.  Enclosure  of  your  P 
...  will  facilitate  deliv* 


Open  Blade  Switch 

Illustrated  below  is  a single-pol  • 
open-blade  switch  which  is  made 
of  berryllium  rolling  springs.  It 
is  rated  15  amp,  115  volts  » c.  Over- 
all dimensions  are  2 1/32  x 10/16  x 
23/64  inches.  Contact  arrange- 
ments are  for  normally  open,  nor- 
mally closed  or  double  throw  cir- 
cuits. Standard  operating  pressure 


Jia  niumiM  - 

Black  S«al'  Formula  on 


and  tanfr*l 


Pla«M 

krnchvr# 


NAMl 

COMPANY 


STATI 


ftfCOKOING  ILANK  01 

395  BROADWAY  » NiW  t< 

CXPOKT  DEPT.  *OY*L  "4T,°"‘*L 
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Type  RT  Tharmostat.  Adjustable 
Temperature  Control. 


Investigate 

KLIXON 

(-Operated 

ONTROLS 


ptrs  Jnd  manufacturers  seek- 
nmej  and  efficiency  of  opera- 
i control  or  protection  devices 
nrt  and  more  on  Klixon  Disc- 
id  Controls. 

Spencer  soap-acting  thermo- 
di*c . . . the  fool-proof  actuat- 
®*nl  of  Klixon  Controls  . . . 
maps  to  a quick,  clean  break 
d nuke  assuring  accurate  and 
able  operation  no  matter  how 
1 operates. 

1 compact,  light  in  weight, 
1 controlj  meet  design  and 
I Performance  requirements 
1 ‘PPucations  as  transformer 
*•  protection,  electrical  circuit 
Protection,  thermal  time  de- 
111  temperature  control  for 
lament.  Their  reliable  oper- 
•onaffected  by  motion,  vibra- 


Type  C-2851  Thermostat.  For  such 
uso  us  Roughing  Controls  on  Outer 
Crystal  Ovons. 


<m  B-3120  Thermostat  and 
iter,  Crystal  Daw  Point  Control 


Typa  PM  (HAT-1131)  Circuit 
Braakar. 


SPINCIR  THIRMOSTAT  CO.,  ATTLEBORO,  MASSACHUSETTS 
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SUPPLIERS  TO 


Industrial  Manufacturers  • Re 


Laboratories  • Schools  • C 


Government  Agencies 


Public  Utilities  ■ Broadcost 


Hospitals  • Shipyards  • Police 


PURCHASING  AGENTS! 
ENGINEERS) 

Send  for  this 

FREE  800  PAGE  CATALOG 

Write  today  on  your  «•■»•«» 
this  massive  800  note 
Guide  containing  everything  •"/ 
radio-electronics.  Complete  / 
listings  of  all  standard  «•/  / 

tionally  known  products  / /V  a 
In  one  handy,  bound  wl-  / 
umel  Sent  free  on  reouest  / 
by  addressing  Box  U£"/ 


SHAFT  LOCKS 


at  the  end  of  the  blade  is  from  3 to 
6 oz.  The  manufacturer  states  that 
tests  of  these  switches  show  a me- 
chanical life  expectancy  of  more 
than  ten  million  operations.  Aero 
Electric  Co.,  1316  Superior  Ave., 
Cleveland  14,  Ohio. 


In  addition  to  the  original  No.  10060 
and  No.  10061  "DESIGNED  FOR 
APPLICATION"  shaft  locks,  we  can 
also  furnish  such  variations  as  the 
No.  10062  and  No.  10063  for  easy 
thumb  operation  as  illustrated  above. 
All  types  are  available  in  bright 
nickel  finish  to  meet  Signal  Corps 
requirements  or  black  oxide  to 
meet  Navy  specifications. 


are  required.  All  three  styles  in- 
clude voltmeters,  ammeters,  milli- 
ammeters  and  microammeters,  for 
both  ac  and  dc.  Units  can  also  be 
sealed  with  dry  air  at  sea  level  pres- 
sure or  inert  gas.  Glass  on  the 
case  will  withstand  25  lb  pressure 
per  sq  in.  The  instruments  are 
vacuum  and  pressure  tested  under 
water.  Terminals  are  special  glass  j 
soldered-in  type  using  a direct  bond  ] 
of  glass  to  metal. 


Hickok  Electrical  Instrument 
Co.,  10527  Dupont  Ave.,  Cleveland  8, 
Ohio,  announces  new  hermetically- 
sealed  electrical  indicating  instru- 
ments with  interna]  pivot  construc- 
tion in  21,  31  and  4-inch  round 
styles.  Dimensions  are  in  accord- 
ance with  AWS  specifications.  The 
4-inch  types  are  for  radio  service 
equipment  where  several  scale  arcs 


Output  Transformers 


A new  series  of  hermetically-sealed 
aluminum-case  output  transform- 
ers has  been  designed  by  The  Acme 
Electric  & Mfg.  Company  of  Cuba, 
N.  Y.  The  manufacturer  states  the 
use  of  annealed  steel  cores  and  spe- 
cial vacuum-impregnated  coils  im- 
proves the  operating  efficiency  and 
over-all  performance.  Terminals  of 
Pyrex  glass  with  Kovar  electrodes 
and  metal  collars  form  a hermetic 
seal  that  complies  with  standards 
established  for  5-cycle  immersion 
tests. 


Indicating  Instruments 
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MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


JAMES  MILLEN 
MFG.  CO.,  INC. 


SUN  RAD 

& ELECTRONICS 


2 Fulton  Street,  New  York 


electrical  systems 


, 1/  j “P111?  America’s  aging  au- 
W ^mobiles,  trucks,  tractors, 
^ and  buses  rolling  is  a vital 
Wartime  task. 

Part  of  this  task  is  performed  by 

tt  eraJl  Products  Corporation,  of 
Ul“°n  Spring*,  N.  Y. 

caiwuk  Ptroduce  wh«t  are  often 

the  heart  of  the  electrical  sys- 

man~'nep.lacement  ignition  coils  for 
«akes  and  models  of  vehicles. 

electrical  sys- 
Produ.t  p heart  trouble.  General 

^mnewTinWithc0i,8togive 

. PK^uct»  are  good  * 


supply  the  coil  windings  that  go 
into  them. 

For  the  35  years  of  its  existence, 
Wheeler  Insulated  Wire  Company 
has  devoted  its  talents  and  expe- 
rience to  the  manufacture  of  high- 
quality  windings  and  other  wire 
specialties. 

Our  entire  capacity  has  been 


bought  by  a comparatively  few  cus- 
tomers— mighty  good  customers! 

After  the  war,  we  hope  to  have 
many  additional  customers— for 
our  manufacturing  facilities  have 
been  greatly  expanded  in  the  in- 
terest of  the  war  effort. 

When  that  time  comes— .Re- 
member Wheeler  (or  Windings! 


The  Wheeler  Insulated  Wire  Co.,  Inc. 

v BRIDGEPORT  4,  CONN. 

/) Manufacturers  of  Magnet  Wire. ..Lift  Wire. ..Coil  Winding s 
& Transformers. ..Ballasts  for  Fluorescent  Lighting 
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punched  parts  made  of  Laminated 
INSUROK!  For  in  the  electrical  in- 
sulation field  Richardson  precision 
plastics  have  long  been  favorite 
materials  . . . used  by  the  millions 
in  all  shapes,  sizes  and  thicknesses. 

This  outstanding  preference  is 
easy  to  understand,  for  Laminated 
INSUROK  is  an  easy-to-handle 
product  whose  physical  character- 
istics remain  commercially  uniform. 
It  can  be  drilled,  punched,  sawed, 
turned,  planed  or  milled  in  your 
own  shop— without  special  tools— 
or  Richardson  Plasticians  will  do 
it  for  you.  Write  today  for  the  full 
story  about  INSUROK  . . . lami- 
nated and  molded. 


L*  ’PieoUiOKPtewtic* 


Air-Trimmer  Capacitor 

UNITS  are  available  either  single 
or  dual,  in  capacitance  ranges  from 
5 to  140  mmf,  with  standard  air 
gaps  of  0.012,  0.015,  0.019,  0.030  or 
0.045.  Units  have  ceramic  mount- 


ing bases,  with  brass  plates  an 
mounting  studs  of  either  cadmiun 
silver  or  nickel  plated,  as  require! 
Comar  Electric  Co.,  2701  Belmor 
Ave.,  Chicago  18,  111. 


Neutralizing  Capacitor 

Type  TN  capacitor  is  an  additij 
to  the  type  N line  manufactured  1 
E.  F.  Johnson  Co.,  Waseca,  Min 
for  use  in  neutralizing  circuits 


3S6 
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radio  transmitters.  Two  sizes  av 
able  are  rated  at  45,000  volts  - 
35,000  volts  peak  breakdown, 
spectively. 


Portable  X-Ray  Tube 

A NEW  X-ray  UNIT,  using  a sh 
proof  tube  (approximately  3 in 
diameter)  examines  internal  s 
ture  of  welds,  rivets  and  o 
points  of  stress  in  confined  sp 
(such  as  airplane  wings,  fuel  ta 
etc.)  The  tube  is  coupled  to 
generator  by  means  of  a shockp 
cable  and  two  small  water 
The  high-loading  anode  tubes 
available  with  targets  of  col 
cobalt,  iron,  or  molybdenum, 
ings  range  from  10  to  20  mi 
at  potentials  up  to  50  kv,  depen 
on  the  . target  material. 
American  Philips  Co.,  100 
42nd  St.,  New  York  17,  N.  Y. 


r 


PRECISION . to  0.000070  Inch! 


* *"^e  mechanical  marvels  of  the  war  is  the  famed  Norden  Bombsight,  until  recently 

ne  of  the  most  secret  of  military  devices.  Information  on  some  of  its  general  features  has  now 
been  released  by  the  Army. 

This  bombsight  is  probably  the  most  precise  instrument  in  the  world,  yet  it  is  being  built 
Production  by  the  Victor  Adding  Machine  Company  and  several  other  manufacturers, 
bal  * ”ear*'  *-he  bombsight  and  its  associated  stabilizer  are  two  gyros  which  have  to  be 
an.^.e<‘  t,0  almost  unheard-of  accuracy.  When  inspected,  the  rotor  must  be  centered  to 
<0  millionths  of  an  inch.  - 

in  fu  ° nbtain  !-h‘s  accuracy,  each  gyro  is  carefully  adjusted  on  the  balancing  machine  shown 
p .‘‘Justration.  This  portable  unit  is  manufactured  by  the  Gisholt  Machine  Company. 

rat  Kadio’s  STROBOTAC  is  a part  of  this  machine, 
the  a h6  con£ro^  equipment  at  the  left  includes  an  electronic  speed  regulator  which  maintains 
amount0  f • sPee(t  selected  by  the  STROBOTAC.  The  equipment  behind  the  gyro  measures  the 
again  ' °*  ^ei8bt  to  be  removed  from  the  gyro  rotor  to  give  balance,  while  the  STROBOTAC 
is  used  to  point  out  the  angular  position  at  which  unbalance  should  be  removed, 
vou  nfUally  ^ ^be  requirements  of  military  security  are  relaxed,  we  hope  that  we  can  tell 
In  otbe.r  war  uses  for  General  Radio  equipment. 

STRoROTi^i11611111*111-6’  Poss*bly  your  interest  in  the  STROBOTAC  is  associated  with  the  war  effort. 
STrorot.?  ava*lable  for  top-priority  war  work.  If  you’d  like  detailed  information  about  the 
^Robotac,  ask  for  Bulletin  962 
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Place  Your  Order  Now 

for 

LINGO  VERTICAL 

TUBULAR  STEEL 

RADIATORS 

PROMPT  DELIVERY 
on  radiators  manufactured 
from  materials  now  on  hand 

Now,  you  can  buy  a LINGO  Vertical  Radiator 
without  the  use  of  priorities.  Because  of  the 
limited  amount  of  materials  and  components  avail- 
able, orders  will  have  to  be  filled  on  a first-come, 
first-served  basis.  Until  such  materials  are  made 
available  in  greater  quantities,  production  will  have  : 
to  be  concentrated  on  radiators  not  exceeding  250 
feet  in  height.  If  you  are  not  ready  to  have  the 
radiator  installed  at  this  time,  we  can  arrange  to 
manufacture  and  deliver  the  radiator  to  you  with  your 
option  to  have  it  installed  and  erected  by  us  when 
you  are  ready.  We  urge  you  to  act  immediately  and 
thus  be  assured  of  having  your  radiator  on  hand  when 
you  want  it. 

Please  include  in  your  inquiries  the  radiator  height  re- 
quired and  approximate  site  so  that  complete  quota- 
tions can  be  immediately  made  covering  the  radiator 
itself  and  its  subsequent  erection  when  so  desired. 

JOHN  E.  LINGO  & SON.  INC. 

CAMDEN,  NEW  JERSEY  Est.  1897 


m 4 ; 


Submersion-Proof  Micro- 
phone and  Headset 

“Water  Buffalo”  is  the  name  of  a 
new  submersion-proof  lip  micro- 
phone and  headset  combination  de- 
veloped by  Bell  Telephone  Labora- 
tories and  manufactured  by  West- 
ern Electric  Co.,  195  Broadway, 
New  York  7,  N.  Y.  The  microphone 
is  equipped  with  an  especially  de- 
signed gland  which  will  pass  air 
but  exclude  water,  and  which  is 
capable  of  withstanding  a submer- 
sion cycle  of  25  minutes  under  10 
inches  of  sea  water  followed  by 
baking  in  an  oven  at  126  deg  F re- 
peated five  consecutive  times  with- 


out damage  to  the  instrument  Not 
much  larger  than  a half-dollar  and 
less  than  one-half  inch  thick,  the 
mike  employs  the  differential  prin- 
ciple of  operation.  When  it  is  prop- 
erly adjusted  before  the  lips  of  the 
user,  noise  enters  from  the  front 
and  rear  in  phase  and  cancels  out, 
thereby  making  the  mike  relatively 
unresponsive  to  unwanted  sounds, 
yet  sensitive  to  speech.  Thus  the 
mike  and  headset  can  deliver  and 
receive  articulate  speech  under  the 
most  adverse  noise  conditions.  The 
headset,  also  submersion-proof,  's 
of  a fiat-response  type.  It  is  fitted 
with  soft  neoprene  ear-cushions  to 
assure  high  transmission  quality. 


Interpolating  Counterdial 

These  interpolating  counterdials 
have  the  dial  coupled  directly  to  the 
driven  apparatus  to  prevent  their 
getting  out  of  adjustment  The 
scale  graduations  run  from  zero  to 
100  for  each  revolution  of  the  dial 
Each  graduation  has  two  marked 
divisions,  making  a total  of  200 
readable  parts  on  the  dial,  with  the 
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LITERATURE  IS  AVAILABLE  AS  FOLLOWS: 

Several  bulletins  on  Plax  polystyrene  produi 
how  to  machine  them. 

A technical  article  on  Plax  blown  products. 

Bulletins  on  Plax  cellulose  acetate,  cellulose  < 
utyrate,  methacrylate,  and  polyethylene  prod 

Styramic  and  ethyl  cellulose  are  among  th< 
materials  offered  by  Plax  in  various  forms.  In  < 
.tJj'on  with  the  Shaw  Insulator  Company,  Irving 
• i Plax  can  give  you  help  covering  nec 
Plastic  materials  and  methods.  For  such  help, 
anY  of  the  literature  listed  above  . . . write  Pla; 


5,  CONNECTIC 


STREET  ★ 
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War  Restricted  Developments 


•Now  Available  J 

in  TELEViSO  Series  200A 
Vacuum  Tube  Voltmeter 

TELEVISO,  pioneering  in  the  production  of  measuring  appa- 
ratus for  the  SONIC  to  UHF  SPECTRUM,  has  specialized  in  build- 
ing dependable  Vacuum  Tube  Voltmeters. 

A necessity  wherever  dependable  voltage  measurements  within 
the  range  of  7 cps  to  500  megacycles  are  required — die  Televiso 
Series  200A  VT  Voltmeter  is  highly  accurate  and  stable. 

FEATURES: 

SUPERSENSITIVE  RANGE— the  lowest  readable  voltage  ji  .05  volti  on  a maximum 
scale  range  of  .5  volt. 

FIVE  VOLTAGE  RANGES— .5,  2,  15,  50,  150— spread  full  scale  on  a 4»/2"  meter 
dial  for  easy  reading.  Accuracy  of  reading,  are  2%  full  wale:  middle  Kale  accu- 
racy  is  5%  or  better. 

PROBE  CONSTRUCTION — detachable  probe  to  eliminate  cable  wear*  easily  dis- 
mantled  for  robe  replacement  or  for  soldering  to  robe  terminal,  for  meaturemenu  io 
the  25_°-500  MC  region;  flat  Vi"  wide  brass  terminals  connect  to  input  to  make  easy 
soldering  to  ten  or  worfc  piece;  for  low  frequency  work  up  to  100  MC,  removeble 
banana  plug,  are  apaced  %"  center  to  center  for  uie  with  standard  jacka. 

CONSTRUCTION— of  aluminum  throughout;  panel  end  cabinet 
ere  % Ibick  (cabinet  u dural.) ; lub-chaaii,  1,  ■/,”  and  epaced  ofl  the  panel  by  irods 
to  simplify  servicing ; all  components  are  fastened  to  sub-chassis. 

ELECTRICAL  CONSTRUCTION  AND  CIRCUIT-Serie,  200A  utilise,  ,he  fine* 
component,  throughout  and  carries  > two  year  guarantee.  The  demit  is  a stable 
plate  circuit  rectifier.  No  diode  input  tube  is  used.  The  plate  circuit  tectifier  type 
makes  available  higher  input  impedance  at  all  Itequenciet.  No  shortening  of  input 
probe  is  required  for  aero  adpistmenta.  All  aero  adjustment,  ere  made  once  rod 
remain  constant.  A panel  ad/ulter  is  available  to  make  the  unit  usable  without  heat- 
ing up  time.  All  filament  and  plate  voltage!  are  transformer  and  tube  regulated 
BUILT-IN  CAUBRATION  VOLTAGE  All  unit,  have  a jack  which  produce,  a 
constant  6.3  volts  for  strodardiaing.  This  i,  ,he  regulsted  filament  voltage.  The 
srositmn-  can  be  adjusted  wtthout  tool,  in  the  event  tube,  sre  replaced  io  The  field 
The  Series  200A  will  operate  .atisfactor.ly  from  any  source  of  voltage  from  95  to 
130  volts  ac.  line  voltage  surges  are  not  observable  during  use. 

SIZE— 14"H  a 9’/j”W  a 7>/a”D.  Guaranteed  2 years.  Price  $170.00  F.O.B.  Chicago. 


7466  IRVING  PARK  ROAD  CHICAGO  34,  ILLINOIS  1 

® 
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possibility  of  estimating  accurately 
at  least  200  more  settings.  An  addi- 
tional counting  mechanism  records 
each  dial  revolution,  either  forward 
or  backward,  thereby  giving  an  ac- 
curate log  of  the  setting  in  revolu- 
tions and  fractions  of  a revolution. 
Standard  stock  units  have  two  digit 
numbers  (from  zero  to  99)  but 
three  digit  numbers  are  available 
on  special  order.  Technical  Radio 
Co.,  275  Ninth  St.,  San  Francisco. 
Calif. 


Capacitors 

Three  manufacturers  announce 
new  capacitors.  The  first  of  these 
is  a non-resonant  capacitor  called 
“Hypass”  which  does  not  shov 


L. 


resonance  at  frequencies  as  high  as 
50  Me,  and  in  instances  even  up  to 
300  Me.  Sprague  Electric  Co., 
North  Adams,  Mass. 

Technical  Radio  Co.,  276  Nin 
St.,  San  Francisco,  Calif,  has  addo 
to  their  line  capacitors  with  from 
1 to  4 sections  (20,  40,  120  and  2u» 


/t/tf ) . Over-all  dimensions  of  this 
capacitor  are  53  x 51  in.  It  is 
signed  for  the  output  sections  of  a 
pi-network. 
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fabricated  NON-metallic  parts  that  fit 


Pictured  are  two  C-D  DIAMOND 
Vulcanized  FIBRE  parts  that  were 
nude  jrom  sheet  stock . . . blanked 
cut,  smooth  shaved,  drilled  and 
formed.,,  to  customers’  blueprint. 


KS-IS 


products- 


.C-D  PK~—  RON0— BuiUA3pWica 
I«uU,1°n-  # 

SS^sStSS  — 

Especially  =>u 

Insulation.  icai  Equip- 


ON  modern  assembly  lines,  parts  must  fit!  Economi- 
cal production  depends  on  rapid  assembly  of 
units.  C-D  fabrication  methods  are  engineered  to  main- 
tain dimensional  accuracy  just  as  all  C-D  products  are 
engineered  to  meet  specific  electrical,  mechanical  and 
thermal  problems. 

Manufacturers  who  demand 

high  standards  in  needed  proper- 
ties to  insure  unfailing  product 
performance  . . . and  who  also 
must  have  accurately  fabricated 
parts  to  meet  assembly  line  pro- 
duction problems  . . . will  want  to 
investigate  C-D  NON-metallics. 


Lit«ra*ure 

ComP*®: 


De*crip*'V« 

Bulletin 


OF  8'veS  ~ u C-D 


NEW  YORK  17  • 

SPARTANBURG,  S.  C. 


DISTRICT  OFFICES 

CLEVELAND  14  • CHICAGO  11 

SALES  OFFICES  IN  PRINCIPAL  CITIES 


logs 


ate 


WEST  COAST  REPRESENTATIVES 
MARWOOD  LTD.,  SAN  FRANCISCO  3 

• 

IN  CANADA; 

DIAMOND  STATE  FIBRE  CO.  OF  CANADA,  LTD.  TORONTO  S 


hf/t  faien/a/  = 0 UMn&nti  fibre  company 

JjiMished  ffios  A-*"-rfnrfirrrrr  af  tamincted  Plastics  since  1911 — NEWAUh  I li  ♦ Ilf  l AW  A 11 F 
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CBC-0 


Where  utmost  in  sta- 
bility requires  con- 
stant temperature  con- 
trol. 


CM-1 


A design  for  normal 
frequency  control  ap- 
plications. 


YP-3 


Developed  for  use  in 
limited  space  . . . in 
mobile  equipment. 


Let  Valpey  engineers 
help  you  plan  the 
u heartbeat of  your 
postwar  product 


Experienced  in  volume  production  of  vital 
crystals  for  wartime  communications  needs, 
Valpey  engineers  and  craftsmen  are  well 
equipped  to  solve  any  commercial  crystal  prob- 
lem. Insure  the  success  of  your  future  products 
by  planning  to  use  Valpey  Crystals  in  every 
"Vital  Spot.”  Valpe.y’s  never  vary. 


W rile  today  for  complete 
" Crystionics ” data 


JVALPEYk 


CRAFTSMANSHIP  IN  CRVST4LS  SINCE  1*1! 

HOLLISTON.  MASSACHUSETTS 


General  Electric  Co.,  Schenec- 
tady 5,  N.  Y.  announces  two  new 
types.  The  first  of  these  is  a fixed 
paper-dielectric  capacitor  which 
comes  in  case  style  No.  CP-70  and 
is  for  electronic  equipment  for  d-c 
applications.  There  are  268  stand- 
ard ratings,  ranging  from  0.1  to 
15  microfarad,  for  circuit  voltages 
from  600  to  12,500  volts.  All  rat- 
ings have  a capacitance  tolerance 
of  plus  or  minus  10  percent.  Com- 
plete data  is  contained  in  Bulletin 
No.  GEA-4357.  The  second  capaci- 
tor types  available  from  G.  E.  are 
case  styles  CP-60,  CP-62  and  CP-64 


li  1}  H 

111 


fixed  paper-dielectric  capacitors 
with  glass  terminal  seals.  The  glass 
seals  provide  resistance  to  humid- 
ity, fungus  growths,  and  termites. 
All  three  case  styles  are  available 
in  both  single-section  and  two-sec- 
tion construction.  Capacitance  val- 
ues range  from  0.05  to  0.50  micro- 
farad, for  voltages  of  600,  1000  or 
1500  volts. 


Current  and  Voltage  Unit 


Model  No.  601  voltammeter  con- 
sists of  an  ammeter  and  a volt- 
meter which  comes  in  a single  case 
measuring  124  x 91  x 10  inches. 
The  ammeter  measures  from  0.2 
to  500  amp  in  8 current  ranges. 
The  voltmeter  measures  from  30  to 
600  volts  in  3 ranges.  An  inserted 
primary  current  transformer  with 


8-ft  secondary  leads  facilitates 
measurement  of  current  on  0-100. 
0-250  and  0.500  amp  scales  without 
subjecting  the  meter  to  stray  mag- 
netic fields.  Scales  of  the  units  can 
be  easily  and  quickly  read.  Associ- 
ated Research,  Inc.,  231  S.  Green 
St.,  Chicago  7,  111. 
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^Voluntarily  lower  the  price 
on  a contract  already  awarded  ? 

"Dodt  6c  <tiCiy{ 

To  lower  the  price  on  a contract  involving  a extrusion”.  Heretofore,  manufacturers  had  used  it 
new  part  is  one  thing.  But  when  you  "bid  in”  only  for  small  parts,  limited  to  2 inch  diameter  and 

at  a lower  price  than  anyone  else  on  a contract  3 inch  draw.  In  the  process,  we  eliminated  all  but 

covering  a device  that’s  already  history— and  approximately  9 inches  of  welding-plus  the  need 

still  reduce  the  figure  after  the  deal  is  closed-  for  critical  a1™"™  tubin8-  Rejections  dropped  to 

it’s  something  altogether  different.  a^°ut  2%’  Ruction  jumped  to  600  a day,  instead 

of  500  a week. 

Specifically ...  a contract  to  turn  out  a special  . , . »0o-.n  . . j o oe 

...  . , . Our  contract  price  $38.10— but  we  billed  $18.85. 

aluminum  part  for  a major  company  making 

automatic  pilots  for  Uncle  Sam’s  fighter  planes.  So,  Uncle  Sam  gets  the  automatic  pilots  he  needs . . . 

the  prime  contractor  cuts  his  costs  (on  top  of  our 

Wu  Cut  Our  Original  Bid  to  Loss  Than  Half..  bld,-“d  we're  feeU”l!  v“y  good 

And  On  Top  of  It  Broke  a Bottleneck  Pf,rhap8  ^ ^ lh„  „ ^ ^ ^ „b. 

We  bid  low,  at  $38.10  per  unit.  Up  until  then,  each  contracting  business  for  over  50  years  has  some- 

Part  required  54  inches  of  intricate  welding— and  thing  to  do  with  our  ability  to  improve  part  designs, 

there  had  been  a shortage  of  welders  capable  of  cut  production  comers  and  lower  costs, 
doing  it.  Rejects  at  testing  had  been  40%.  It  had 
^)een  possible  to  make  only  500  a week. 

To  Write  on  your  business  stationery  for  48-page  book , 11  Let 

. 00091  the  output,  we  looked  for  a better  way  of  LeWyt  Do  It” -the  story  oftheLewyt  organization  in  pic- 

omg  it.  The  answer  turned  out  to  be  “impact  tures.  Lewyt  Corporation,  60  Broadway,  Brooklyn,  N.  Y. 


* CONTRACT  MANUFACTURER  - EXPERTLY  STAFFED  TO  PRODUCE  COMPLETE  ELECTRONIC  AND  MECHAN- 
•CAL  ASSEMBLIES,  COMPONENT  PARTS  AND  SUB-ASSEMBLIES,  TO  THE  MOST  EXACTING  REQUIREMENTS 


CONTINUE  BUYING  WAR  BONDS 
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Accuracy  cannot  u com* 


PROMISIR  WITH  IN  INtSt  WAR 


RAYS  OY  1ICHTNIN6  SPURS  ANP 


Circuit  Tester 

This  new  multi-purpose  circuit 
tester  audibly  tests  continuity  and 
insulation  between  wires,  or  from 
wires  to  ground.  With  a special  in- 
dicator attachment  it  also  deter- 
mines visually  the  polarity  of  wires. 


Operation  is  accomplished  by  a reg- 
ulated hand-cranked  generator 
which  develops  500-volts  d.c.  Great 
American  Industries,  Inc.,  Connec- 
ticut Telephone  & Electric  Div., 
Meriden,  Conn. 

Multimeter 

This  multimeter,  designated  as 
Model  PB-200  Speed-O-Meter,  has 
a sensitivity  of  2000  ohms  per  volt 
on  both  a.c.  and  d.c.  It  measures 
a-c  or  d-c  voltages  up  to  1500  volts; 


WORIR  WIRt  CRWHINICATIONS, 


AU  TURIR  INYO  OUR  PRISINT 


TIMPO  IT  PRICISION  OIARS. 
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uaker  City  Gear  Works 


INCORPORATED 

1910-32  North  Front  Street,  Philadelphia,  Pennsylvania 


d-c  current  to  1.5  amp;  capacitance 
to  30  mfd;  decibels  to  plus  58;  and 
resistance  to  2 megohms.  Superior 
Instruments  Co.,  Dept.  W,  227  Ful- 
ton St.,  New  York  7,  N.  Y. 

Snap-Action  Switch 

A small,  push-button,  snap-action 
switch  called  Snapit  operates  on  a 
0.0625-in.  movement  of  ' the  Pu3^ 
button  and  carries  a current  rating 
of  10  amps  at  115-volts  a-c.,  and  2 
amp  at  115-volts  d.c.  The  fixed  con- 
tacts are  of  silver  overlay  on  phos- 
phor bronze.  The  contact  gap  ’s 
0.040  in.  on  each  contact.  The 
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with  KOVAR -Glass  Hermetic  Seals 


"ILLUSTRATED  arc  some  of  the  various  forms  in  which  Kovar 
— the  alloy  that  seals  to  glass  — are  available  from  STUPA- 
KOFF.  Kovar — a cobalt,  nickel,  iron  alloy,  was  developed  spe- 
cifically for  sealing  to  hard  glass  and  has  been  used  commercially 
for  that  purpose  since  1936. 

Kovar  forms  a seal  to  hard  glass  through  a heating  process, 
in  which  the  oxide  of  Kovar  is  dissolved  into  the  glass.  The  result 
is  a pressure  and  vacuum  tight,  seal,  effective  under  all  atmos- 
pheric conditions. 

To  manufacturers  equipped  for  glass  working,  STUPA- 
KOFF  supplies  Kovar  as  wire,  rod,  tubing,  strip  or  fabricated 
into  cups,  eyelets,  leads  or  special  shapes. 

Completed  seals  are  available  as  terminals  with  single  or 
multiple,  solid  or  hollow  electrodes  which  can  be  quickly  and 
easily  soldered  to  a metal  container.  STUPAKOFF  also  manu- 
factures meter  windows,  gauge  glasses,  graded  seals  and  seals  for 
special  applications. 

STUPAKOFF  engineers  will  be  glad  to  assist  in  developing 
Kovar-glass  hermetic  seals  for  your  product.  The  booklet,  "Kovar 
—The  Ideal  Alloy  for  Sealing  to  Glass,"  will  be  sent  on  request. 


Kovar  fabricated  into  cups, 
eyelets  and  special  shapes 


Kovar,  the  alloy  that  seals  to  glass,  available 
as  wire,  rod,  tubing,  strip#or  foil 


Kovar- Glass  meter 
windows,  gauge  glasses, 
and  special  seals 


_'"»OCMA«K  337962 


Complete  Kovar-Glass  terminals  with  single 
or  multiple,  solid  or  hollow  electrodes 


REGISTERED  IN  U.  S PATEN 
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STUPAKOFF  CERAMIC  AND  MANUFACTURING  CO.,  LATROBE,  PA. 
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Girls  are  in  the 
fight  to  the  finish 
with  . . . 


CORED 


SOLDERS 


• Salute!  To  our  American  Women  oi  Industry — for  their  amaz- 
ing skill,  their  stout-hearted  stick-to  it-ivenessl  They  are  in  the 
fight  to  the  finish — and  Kester  Cored  Solders  are  smoothing  the 
way  in  hundreds  of  war  plants  throughout  the  nation. 

• These  uniform,  high  quality,  flux-cored  solders  are  fast,  easy  to 
apply,  and  always  permanent — a "must"  for  speedier  production. 
And  like  the  "Chin-up"  girls.  Kester  Cored  Solders  are  riaht  on 
the  job  'til  Victory. 

KESTER  SOLDER  COMPANY 

4204  WRIGHTWOOD  AVE.,  CHICAGO  39.  ILLINOIS 

Eastern  Plant:  Newark,  N.  J.  • Canadian  Plant:  Brantford.  Ont. 


KESTER 


switch  has  a phenolic  body  which  is 
round  and  which  measures  i-in. 
diameter  x 13-in.  high.  Grayhill, 

1 N.  Pulaski  Road,  Chicago  24,  111. 

Adapters  for  Solderless 
Wiring 

Knife-discon nect  component  parti 
are  manufactured  by  Aircraft- 
Marine  Products  (1591B  North 
Fourth  St.,  Harrisburg,  Pa.)  for 
rapid,  inexpensive  conversion  of 
any  existing  electrical  assembly  for 
use  with  their  knife-disconnect 
splicing  terminals.  The  adapter  is 
installed  in  the  assembly  in  the 
same  way  as  the  solder  tab  it  re- 
places. Adapters  for  vertical  or  hor- 
izontal conversion  for  wire  sizes 
from  22  to  10  are  available. 


Steel  Nut  Latch 

New,  spring-steel  speed-nut  latch, 
No.  1663,  is  for  instant  attachment 
and  removal  of  box  covers,  access 
doors,  panels  and  inspection  plates. 
Three  styles  of  ball  studs  are  avail- 
able— drilled  and  tapped  for  6-32 
screws,  threaded  shank  (632 
thread)  and  plain  shank  for  rivet- 
ing. These,  as  well  as  grooved  stud, 
are  provided  in  various  lengths  to 


suit  application  requirements.  Sam- 
ples are  available  but  it  is  necessaO 
to  specify  pull-out  tension  required 
(3i,  8,  12,  18,  or  30  lbs.) ; thickness 
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contains  more  than  500  Electronents* 

. . . all  made  and  assembled  by  Scovill 


This  three-position,  high-frequency 
radio  receiver  rack  for  big  bombers 
■••one  of  the  most  intricate  manufac- 
turing and  assembling  problems  ever 
entrusted  to  Scovill  . . . shows  how 
ovill  s versatile  production  facilities 
►1  can  meet  requirements  for  electronic 
components  or  complete  assemblies. 

ote  than  500  individual  parts  are 
assembled  in  this  rack.  Materials  used 
tom  plastics  to  metal  alloys  in 

in'  C™  8*leet’  r0C*’  W‘re  an<J  tub- 

g-  Scovdl  makes  all  except  glass  and 

plastics  components.  Methods  include 


forging,  stamping,  drawing,  heading, 
machining,  and  wire  forming. 

Even  complicated  wiring  does  not 
stump  Scovill’s  production  engineers. 
Every  wire  is  cut  to  length,  stripped 
and  soldered  into  correct  position. 
Relays  are  manufactured,  tested  and 
adjusted  by  Scovill  technicians. 

In  other  words,  Scovill  engineered 
the  whole  job  for  assembly-line  pro- 
duction ...  a service  that  can  help  you, 
too,  save  time,  trouble  and  money  on 
the  production  of  small  electronic 
components  as  well  as  large  assem- 


blies. For  further  details  about  the 
scope  of  Scovill’s  ingenuity  and  facili- 
ties, send  for  literature.  Fill  in  y— , 
coupon  below  and  mail  today.  V"®* 

*Electronents  = Electronic  Components 


Please 

^ng'yourL liv“  C.°Py  °y'MaiUrs  Of  Metal"  booklet  de- 
lations checked  * am  lntere8te*in  the  ELECTRONENT* 


SCOVILL  MANUFACTURING  COMPANY 

Electronic  Division 


0 Batteries 

nS*10”"'" 

□ CondertK„ 

D Dials 
D Escutcheons 
□ Jacks 
D Lugs 

□ Panels 

□ Sockets 

□ Stampings  (misc.) 

□ Tubes 

22  Mill  Street,  Waterbury  91,  Connecticut 

Name  

0thef  applications... 

Address  

ELECTR°N'CS-Ju/y  ,„s 

347 
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TODAY... and  TOMORROW! 


Today,  the  world  over,  many  of  the  machines 
and  devices  of  war  are  shaping  the  peaceful 
pursuits  of  tomorrow.  Out  of  the  holocaust  of 
battle  will  emerge  new  horizons  of  human 
comfort,  convenience  and  safety.  The  science 
of  electronics  marches  on! 

Today,  and  every  day,  Temple  engineers 
and  technicians  are  toiling  on  new  problems, 
developing  new  products,  improving  old 
ones  — dedicated  to  the  task  of  insuring  final 
Victory— and  inspired,  as  well,  to  anticipate 
the  peacetime  demands  of  tomorrow. 


Electronics  Division 

TEMPLETONE 
RADIO  MPG.  CORP. 

New  London,  Conn. 


of  panel  to  which  speed  nut  will  be  U 
attached;  type  of  stud;  and  length  I 
of  plain  or  threaded  shank,  or  ^ 
length  of  grooved  stud.  Tinnerraan 
Products,  Inc.,  2106  Fulton  Road, 
Cleveland  18,  Ohio.  w 


Insulating  Grommets  1 

Four  new  standard  sizes  of  phen-  J 
olic  insulating  grommets  have  been  I 
added  to  the  line  of  Creative  Plas-  I 
tics  Corporation,  963  Kent  Ave., 
Brooklyn  5,  N.  Y.  These  units  are 
screw-type  bushings  which  will  not 
pop  out  of  the  chassis  when  wires 
are  tightly  packed  through.  For 
speedy  assembly  the  collars  are 
geared  and  matte  finished.  Hole 
sizes  vary  from  1 to  1-in.  clearance. 


Electronic  Heater 

A newcomer  TO  the  electronic-heat- 
ing field  is  Climax  Engineering 
Company  of  Clinton,  Iowa,  which  is 
ready  to  go  into  production  of  Cli- 
max high-frequency  heaters  which 
are  designed  for  quick,  efBcient, 
localized  heat  for  surface  harden- 
ing, annealing  and  brazing.  The 


equipment  can  also  be  used  for  sue 
food  applications  as  sterilization, 
pasteurization,  deactivation  ® 
enzymes,  cooking  and  heating,  ban 
ing,  destroying  infestation,  pa 
aging  and  sealing.  Climax  expec 
to  produce  12  different  models  o 
standard  electronic  heaters. 


Vacuum  Indicator 

For  tube  manufacturers  there  ^ 
a new  type  vacuum  indicator  ( 
signated  Tru-Vac)  which  opera  es 
from  any  110-120-volt  a-c  outle 
It  is  scaled  to  read  pressures  o 
vacuum  system  from  0.26  to 
microns,  and  is  accurate  to  ±2  per 
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How  G-E  Myralei  keeps  the  Calrod  dry 

AN  IDEAL  SEAL— IT’S  MOISTURE  PROOF- IT’S  PERMANENT 


IS 

jd 

S' 


& 

is 


P) 


G-E  MYCALEX  utilizing  metal  inserts 
makes  this  sealed  terminal  connector  for 
G-E  Calrod  heaters  permanently  moisture 
and  oil  proof. 

AND  THE  REASONS  . . . 

(1)  Metal  inserts  can  be  combined  with 
G-E  mycalex  during  the  molding  process, 
and  as  a result,  the  metal  and  the  G-E 
mycalex  are  fused  into  an  unusually  strong 
bond,  locking  out  moisture,  oil  and  gas. 

(2)  A permanent  seal  is  assured  because 
of  G-E  mycalex’s  unique  properties.  In 
this  G-E  Calrod  application  it  is  subjected 
to  temperatures  up  to  375°C,  constant 
exposure  to  water,  oil  and  chemical  fumes; 
yet  G-E  mycalex  maintains  its  dimensional 
stability  and  the  seal  remains  unbroken. 

Only  G-E  mycalex  was  able  to  solve  this 
tough  insulation  problem  because  it  has  a 
combination  of  features  not  found  in  any 
other  insulation. 

The  General  Electric  Company  solved 
this  one  and  stands  ready  to  put  G-E 
mycalex  to  work  in  solving  those  “im- 
possible” insulation  problems  of  yours. 

For  further  information,  write  section 
S-52,  General  Electric  Company,  1 Plastics 
Avenue,  Pittsfield,  Mass. 

Hear  the  General  Electric  radio  programs:  "The  G-E  All  Girl  Orchetfra" 
Sunday  10  P.M.  EWT,  NBC.  "The  World  Today"  newt  every  week- 
day 6 45  P.M.  EWT,  CBS.  "G-E  House  Party"  every  weekday  4:00 
P.M.  EWT,  CBS. 

Buy  'WaJi  Bo*uU 


GENERAL  m ELECTRIC 

fdji 


G-E  MYCALEX  HAS  THE  FOLLOWING  PROPERTIES: 

1.  High  dielectric  strength 

2.  Low  power  factor 

3.  Prolonged  resistance  to  electric  arcs 

4.  Chemical  stability;  no  deterioration  with  age 

5.  Dimensional  stability;  freedom  from  warpage,  shrinkage,  etc. 

6.  Imperviousness  to  water,  oil  and  gas 

7.  Resistance  to  sudden  temperature  change 

8.  Low  co-efficient  of  thermal  expansion 

9.  High  heat  resistance 
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BUCHMANN  SPARK  WHEELS 


...  IN  THE  WORLD'S  FINEST  SPARKING  DEVICES 
For  33  years  the  universal  standard  of  quality  for  all  sparking 
devices,  BUCHMANN  SPARK  WHEELS  are  available  in  stock 
sizes  or  made  to  your  exact  specifications  for  all  manual  and 
automatic  sparking  devices. 

...IN  YOUR  POST-WAR  PRODUCTS 

Buchmann  manufacturing  facilities,  greatly  expanded  to  meet 
the  needs  of  wartime,  are  today  engaged  wholly  in  essential 
production.  But  if  you  plan  to  manufacture  cigarette  lighters, 
gas  lighters,  mining  lamps,  sparking  toys  or  other  sparking 
devices,  Buchmann  Spark  Wheel  Corporation  will  gladly  share 
the  practical  knowledge  gained  by  33  years  of  experience  in 
this  specialized  field.  As  the  world's  largest  manufacturer  of 
spark  wheels,  Buchmann  Spark  Wheel  Corporation  gives  your 
products  the  advantage  of  recognized  top  quality  in  any  price 
bracket — a factor  of  first  importance  in  the  competitive  years 
ahead. 


cent  throughout  the  scale,  witl 
stant  voltage.  Meter  may  be 
from  a distance,  if  desired.  Gi 
unaffected  by  changes  in  bar -j 
ric  pressure.  Continental  Eljfl 
Co.,  Geneva,  111. 

Resistors  if 

New  type  resistors  have  bee 
nounced  by  three  manufacta  in 
The  first  of  these  are  RiflBB 
precision  resistors,  Series  85 
<.83,  announced  by  Ohmite  Mfg 


4835  Flournoy  St.,  Chicago  44 
Both  types  are  pie  wound  to  I 
eent  accuracy  and  can  be  sup . 
with  a fungus-resistant  coa 
Type  82  measures  14  inches  ii 
ameter,  and  14,  or  1A,  or  H in  - 
long  for  the  2,  4 and  6-pie  unit  < 
spectively.  Minimum  resistam  - 
0.1  ohm  for  all  units  and  the  n 
mum  is  400,000  ohms  for  the  1 • ... 
unit,  750,000  ohms  for  the  4 
and  1 megohm  for  the  6-pie  i 
Type  83  is  available  in  three  sia 
i inch  diameter  x A,  I or  1 - 1 
long.  The  first  two  units  are  2 : 

while  the  third  is  a 4-pie  t 
Minimum  resistance  is  10  ohms  .... 
all  units,  and  the  maximum  is  2 
000  ohms  for  the  small  2-pie  u , 
400,000  ohms  for  the  large  2 - .... 
and  800,000  for  the  4-pie  u 
Bulletin  No.  125  describes  umb  ■ 
detail.  „ . 

Wire-wound  “Sealed-Ohm  ‘ 
metically-sealed  precision  resist 


PRECISION  SCREW  MACHINE  PRODUCTS 
Buchmann  also  manufactures  special  screw  machine 
products  and  can  assist  you  in  the  design  and 
production  of  parts  requiring  machining  to  close 
tolerances.  Inquiries  are  invited. 


PARK  WHIIL  CORPORATION,  4*20  47th  Avenue,  Lung  Island  City  I,  N.  Y. 
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i forward-looking  American  manufacturer 

offers  Advanced  Careers  to 

ii  few  qualified  engineers  and  scientists 

* * * 

Top  salaries  plus  high  royalty  earnings 

* * 

Excellent  laboratory  in  fine  building 
dkd  in  beautiful  Southern  New  England  community 


IN  order  to  carry  out  a highly  developed  program 
of  growth  and  expansion,  we  seek  to  augment 
the  staff  of  our  creative  engineering  laboratories 
vith outstanding  talent... and  are  prepared  to  do 
the  things  necessary  to  obtain  it. 

Applications  are  therefore  invited  from  key  engi- 
neers, research  men  and  physicists  experienced  in 
industrial  electronics,  industrial  control  equipment, 
the  design  of  automatic  machines  and  allied  fields. 
There  are  openings  to  satisfy  die  chief  engineer, 
department  head,  project  engineer,  research  engi- 
neer and  the  basic  research  scientist. 

Salanes  will  at  least  equal  those  paid  by  other 
leading  companies  in  the  field,  but  in  addition , each 
■midatt  will  receive  a graduated  percentage  royalty  on 
A ah  o f all  products  he  develops.  A portion  of  this 
”wh)  continue!  even  if  he  later  leaves  the  company. 

The  conditions  under  which  you  will  work  are 
weal.  Out  laboratory— housed  in  a splendid  build- 
mg— is  well-equipped.  You  will  be  furnished  with 
t'etything  necessary  to  carry  out  the  projects  under 
•'UI  Action.  The  laboratory  is  located  in  one  of 
the  most  charming  residential  communities  of 
»Jthem  New  England  within  commuting  dis- 


tance of  New  York— fine  homes,  excellent  schools, 
modem  shops  and  stores. 

In  order  to  receive  fullest  possible  consideration, 
your  application  should  present  a detailed  and 
comprehensive  account  of  your  experience  and 
accomplishments,  with  particular  emphasis  on 
patents  you  may  have  obtained  and  contributions 
you  have  made  to  the  origin  or  improvement  of 
devices  or  techniques  in  your  field. 


The  engagement  of  any  candidate,  of  course, 
must  be  in  accordance  with  War  Manpower  Com- 
mission and  wage  and  salary  regulations.  If  your 
present  status  precludes  a change  in  position  at  this 
particular  time,  contractual  arrangements  can  be 
made  for  you  to  join  the  staflf  at  a later  date. 


^ tne  name  of  this  corpo 

ration  in  this  advertisement  but  every  candidate 
.men.ie.ed  will  have  the  fullest  „ppo„„ni„  of 
learning  everything  he  want,  know  ab  ' 
Further,  you,  lerte,  of  application  will  be  seen  only 
by  pnncpals  and  will  be  held  in  the  strictest  " 
fidence.  All  our  staST  knows  of  this  advertisement. 

Please  address  your  letter  to  P-860  Fi„  - • 

330  Wes,  «„d  S,„  New  York  18,  R Y "• 
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CO-AXIAL 

CONNECTORS 


FOR 

50  AND  70  OHM  LINES 


Efai*t*ie i-l 
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manufacturers  of 


ELECTRONIC 
EQUIPMENT  PARTS 


% 


TERMINAL  STRIP 
ASSEMBLIES 


• ANTENNAE 

• TRANSMISSION 
LINES 


• RADAR 
ASSEMBLIES 

• ALIGNMENT 
TOOLS 

• SPECIAL 
EQUIPMENT 

• WAVE  GUIDES 

For  Complete  Details 
Write  for  Catalog . 
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Kitts  tannines  Co. 


372  CLASSON  AVE. 
BROOKLYN  5,  N.  Y. 


% 


are  announced  by  Daven  Co.,  191 L- 
Central  Ave.,  Newark  4,  N.  J.  EAf 
These  resistors  may  be  employed  u 
secondary  standards,  resistor 
ments  in  bridge  networks,  in  volt- 
age divider  circuits  and  in  attenu- 
ation networks.  Resistor  windings 
are  non-inductively  wound— in 
spool  or  mica-card  types.  Resis-  mi 
tance  range— any  desired  value, 
maximum  1,600,000  ohms.  Four  *■* 
types  of  resistance  wire  of  different  m 
temperature  characteristics  are 
available.  Accuracy  is  rated  plus 
or  minus  0.1  percent  to  plus  or 
minus  10.0  percent. 

Five  new  types  of  hermetically- 
sealed  resistors  are  available  from 
Instrument  Resistors  Co.,  25  Amity 


yi 


- 


St.,  Little  Falls,  N.  J.  These  types 

are:  RX,  SX,  WX,  CX  and  BX  CX 
and  BX  units  have  2-inch  No.  » 
copper  axial  leads  while  the  others 
are  equipped  with  8-32  threads 
studs  capable  of  mounting  severs 
lugs,  wires  or  mounting  bracks 
All  units  are  tropicalized.  T 
provide  a range  to  1 megohm  mi- 
nium, and  2 watts  maximum, 
erance  is  rated  1 percent. 


Dielectric  Heater 

A NEW  DIELECTRIC  heater,  "Hm1- 
master”  for  heating  plastics, 
hydration,  sterilization  and  otl 
purposes  has  been  introduced 
the  Thermatron  Division  of  the1' 
dio  Receptor  Co.,  Inc.,  251  ' f 


FOR  ELECTRONIC  ENGINEERS 


ABOUT  S.S.WHITE  FLEXIBLE  SHAFTS 


COMPLETE  FACTS  IN  THIS  256-PAGE  HANDBOOK 

This  standard  handbook-size  volume  completely  covers  the  sub- 
ject of  flexible  shafts.  It  gives  all  essential  technical  data  and 
explains  how  to  select  and  apply  shafts  for  specific  require- 
ments. A copy  will  be  sent  free,  if  you  will  write  for  it  direct 
to  us  on  your  business  letterhead  and  mention  your  position. 


HITE 


ITE  DENTAL  MFG.  CO. 


INDUSTRIAL  DIVISION 

. DIPT.  E '0  EA*T  «0,h  ST  - NEW  YORK  ,4’  N V * 

FLEXIBLE  SHAFTS  AIRCRAFT  ACCESSORIES 

MOLDED  PLASTICS 

MOLDED  RESISTORS  FLEXIBLE  SHAFT  TOOLS 

Ckc  *4  s4*kvuc*u  A AAA  'Jtduttrud  gttenpUMA 


REMOTE  CONTROL  SHAFTS  in  diameters  from  .117"  to  .437",  also 
with  a selection  of  characteristics  in  the  different  diameters. 

APPLICATIONS  of  both  classes  in  radio  and  other  electronic  equipment, 
total  millions  of  feet  annually. 


A FLEXIBLE  CASING  is  needed  with  practically  every  flexible 
shaft  to  serve  as  a runway  to  prevent  "helixing",  to  protect  the  shaft 
and  to  retain  lubricant.  S.S.White’s  comprehensive  selection  of 
metallic,  fabric-covered  and  rubber-covered  casings,  includes  a suit- 
able companion  casing  for  every  S.S.White  shaft  and  service 
condition. 


S.  S.  WHITE  FLEXIBLE  SHAFTS  are  made  in  two  classes — power  drive 
and  remote  control — each  class  specially  engineered  for  its  particular  type 
of  duty. 


POWER  DRIVE  SHAFTS  come  in  diameters  from  .043"  to  .750",  with  a 
selection  of  physical  characteristics  in  the  various  sizes. 


S.  S.  WHITE  END  FITTINGS  for  connecting 
shafts  and  casings  are  available  in  many  designs 
originally  developed  for  numerous  actual  appli- 
cations. Hence,  they  include  designs  suited  to 
most  applications.  There  is  economy  in  using 
these  standard  fittings  when  practicable. 


S.  S.  WHITE  FLEXIBLE  SHAFT  AND 
CASING  COMBINATIONS 

Combinations  of  selected  shafts,  casings  and  end 
fittings  can  be  supplied  in  any  required  length. 
Although  some  S.S.White  Combinations,  such  as 
the  tachometer  drive,  are  standard,  no  combina- 
tions are  stocked.  They  are  all  made  to  user’s  speci- 
fications. The  majority  of  power  drive  combina- 
tions have  been  under  10  feet,  but  many  30-foot 
combinations,  and  some  up  to  50  feet,  have  oper- 
ated successfully.  Remote  control  combinations 
have  run  up  to  80  feet. 
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A COMPLETE  RADIO  STATION 


J Typical  of  ERCO'S  engineering  ability  to  build 
/ completely  coordinated  Radio  Stations  is  the 
/ unit  illustrated.  Built  for  Sperry  Gyroscope 
/ Company,  Inc.,  this  equipment  unifies  a 200-watt 
/ radio  telephone  and  telegraph  transmitter, 

/ three  32-D  fixed  frequency  receivers,  one 
f variable  frequency  receiver,  speaker  panels 
and  operating  position. 

Variations  of  the  illustrated  console,  in  any  com- 
bination of  equipment,  are  available  for  your 
own  needs.  Panel  assemblies  can  be  inter- 
changed to  any  arrangement.  Each  is  replaceable 
to  eliminate  obsolescence. 


ERCO’S  specialized  knowledge  and  technique  is 
reflected  in  custom-built  equipment  for  such  varied 
users  as  Pan  American  Airways,  American  Airlines, 
General  Motors,  Eastmdn-Kodak,  Grumman,  Sperry, 
National  Carbon,  Westinghouse,  and  the  Hudson's  Bay 
Company. 


Whatever  your  requirements  . . . police,  airline  or 
industrial;  mobile,  ground  to  air,  base  to  branch, 
office  to  field  . . . ERCO  provides  complete  service 
in  the  design,  manufacture  and  installation  of 

\ equipment  that  is  engineered  specifically  to 
meet  YOUR  needs.  We  invite 
your  inquiry 


19th  St.,  New  York  11,  N.  Y.  Thel^f 
unit  is  completely  self-contained,  I E: 
and  is  designed  particularly  fori-'' 
heavy-duty  preheating  of  plastic  I 
molded  parts.  It  is  capable  of  heat- 1 
ing  a 3.3-lb  preform  in  1 minute  or  Inti, 
a 5-lb  preform  in  90  seconds.  Out-  I 
put  is  rated  5 kw  plus;  input— ap-  I; 
proximately  8 kva;  line  voltage— I 
220  volt,  60  cycle,  3 phase;  fre-  J 
quency — 30,  15  or  5 Me;  size- 
24  x 28  x 59  inches  high;  weight— 
approximately  1000  lb. 

Other  Thermatron  units  are 
available  over  a range  suitable  for 
almost  any  purpose.  These  units 
are  rated  at  output  and  include 
Types  K-500,  K-l,  K-3,  K-8,  K-15  1 
and  K-30. 


Durez  Molding  Compound 

The  Harry  Davis  Molding  Com- 
pany has  an  extensive  line  of  con- 
trol knobs  molded  from  Durez  plas- 
tics and  suitable  for  all  standard 


requirements.  Available  in  a 'Vide 
range  of  styles,  the  knobs  are  fluted 
to  permit  positive  grip  for  critical 
calibrations.  The  Durez  plastic 
used  is  unaffected  by  perspiration 
greases  or  oils,  is  self-insulating, 
and  will  not  chip  or  break  easily 
Illustrated  below  are  National  Fa 
bricated  Products  octal  radio  sock 


ets,  designed  to  use  a minim"1" 
chassis  space.  Self-aligning  con 
tacts  float  in  the  Durez  plastic  w 
sulation  and  provide  the  necessar; 
safeguards  against  fracture  of  t f 
glass  seal  of  the  tube  resulting 


ERCO  RADIO  LABORATORIES  j 

HEMPSTEAD,  NEW  YORK 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 
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Google 


from  possible  misalignment  of  tube 
pins.  Durez  Plastics  & Chemicals, 
Inc.,  North  Tonawanda,  N.  Y. 


Synthetic  Insulation 

New  synthetic  insulation  called 
“Flexitube”  meets  exacting  specifi- 
cations and  is  suited  for  use  on  all 
wire  insulation  purposes  in  radio 
and  communications  assemblies. 
The  material  has  high  flexibility,  is 
resistant  to  abrasion,  and  has  high 
dielectric  strength.  At  room  tem- 
perature, Flexitube  averages  15,- 
000  volts,  with  a guaranteed  mini- 
mum of  12,000  volts  for  all  sizes. 
Forty-eight  hours  immersion  in 
tap  water  results  in  a reduction  of 
less  than  10  percent  of  its  original 
dielectric  strength.  The  material 
will  not  become  hard  or  brittle  un- 
der temperatures  ranging  from 
minus  35  to  plus  75  deg  C.  Walter 
L.  Schott  Co.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 


Speaker 

Type  NF-300  reproducer,  origin- 
afly  developed  as  a talk-back  unit  in 
ship  intercommunicating  systems, 
» a special-purpose  speaker  for  use 
“ 8evere  weather  or  difficult  oper- 


conditions.  V0^  coil  imped. 

vr  . * ohms,  nominal  value. 

speech  TiAandling:  caPacity  f°r 
Mfv  p8  watts.  Jensen  Radio 

Chi,.’  ■’  6601  s-  Laramie  Ave., 
UHcago  39,  in. 
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QUALITY 

CONTROL  is  at  its  best 


Because  they  are  in  immediate  touch  with  every 
step  in  manufacture,  Chicago  Transformer's 
engineering  and  inspecting  departments 
make  Quality  Control  truly  effective.  Smooth 
flowing  production  is  facilitated,  and  dependability  and 
accuracy  become  performance  characteristics  of  the  fin- 
ished product. 


CHICAGO  TRANSFORMER 

✓"jSSK  division  of  issix  win  coipomiion 
3501  WEST  ADDISON  STREET 


CHICAGO,  18 
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ElECTRICQl  COHTPCTS 


'» ’• " F-  A‘ SMITH  MFG- co" ,N< 
—•'‘"so  1-  801  DAVIS  ST.,  ROCHESTER  2,  N.l 
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SHADED  POLE 

MOTORS 


CENTRIFUGAL 

BLOWERS 


For  small  and  medium  sized  appara- 
tus requiring  low  or  moderate  current, 
one  of  the  simplest,  most  convenient 
and  economical  forms  of  contacts  to  use 
is  the  solid  contact  rivet.  It  is  also  gen- 
erally the  least  expensive  form  of  con- 
tact to  assemble.  Gibson  contact  mate- 
rials most  generally  used  in  this  form 


are  Fine  Silver,  Coin  Silver  and  Gibtiloy 
A,  which  is  a product  of  powder  metal- 
lurgy consisting  of  silver  and  nickel, 
possessing  a combination  of  desirable 
electrical  and  mechanical  properties  not 
obtainable  with  alloys. 

Because  contact  rivets  are  used  in  such 
large  numbers  in  a wide  range  of  sizes, 
manufacturers  and  users  have  developed 
a standard  for  sizes  and  shapes  and  rec- 
ommend its  .adoption.  A list  of  these 
standards  will  be  sent  on  request  and 
without  obligation.  Write  today. 
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This  attractive  booklet  is  packed  full  of  information, 
photographs  and  the  latest  specifications  of  G-E  Delta- 
beston  Radio  Hook-up  Wires.  Complete  specifications 
of  low-  and  high-voltage  types  in  braided  and  shielded 
constructions  are  presented  in  tabular  form.  Physical 
and  electrical  tests,  braid  patterns,  shipping  and  packing 
information  and  other  important  data  are  included. 
Every  purchasing  agent,  engineer  and  producer  of  elec- 
tronic devices  will  find  this  booklet  one  of  the  most 
helpful  references  on  Radio  Hook-up  Wires  in  the 
Electrical  industry. 

Deltabeston  Radio  Hook-up  Wires  are  distributed 
nationally  by  Graybar  Electric  Company,  G-E  Supply 
Corp.,  and  other  G-E  Merchandise  Distributors. 


FILL  IN 

THIS  COUPON 

We’ll  rush  your 
copy  to  you 

• 

buy  wak  bonds 
and  KtfP  THSM 


I 
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Section  Y754-119 

Appliance  and  Merchandise  Dept. 

General  Electric  Co. 

Bridgeport,  Conn. 

Please  send  me  a Deltabeston  Radio  Hook-up  Wire  Book- 
let today. 

Name 

Company 

Address 

City 


State 
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. . . uutcJii  SURCO 
THINWALL  WRAP 

afjte/i  HUfid 

the  first  uniformly 

high  quality  fine  wire,  plastic 
insulated  with  flame  proofed 
yarn  serving. 


ELECTRICAL  INSULATION  CO. 
0.pt.  C 84  Purchase  St.,  Boston  10,  Ms»- 

July  1945-  ELECTRONICS 


This  photo  of  typical  construction  is  obi olutofy 
unretouched 

Voltage  Breakdown  — 7000  Volts 
(For  spiraled  section  shown  in  photo*rar» 
after  5 minutes  In  water) 

Insulation  Resistance — 30  Meg«.  1 
Ft.  at  60°F.  (After  72  hrs.  in  water) 

Here  are  THinwall's  Characteristics: 
High  dielectric  properties.  Maximum  m - 
ing  in  space  and  weight.  Unlimited  eodinj 
and  identification.  High  temperature  oper- 
ation, Excellent  abrasion  resistance  ana 
toughness.  Maximum  protection  agti"* 
damage  by  soldering  iron.  Unusual  flex- 
ibility at  below  freezing  temperatures. 

Flameproof  qualities.  Good  end  and  spo  - 
stripping  characteristics.  Low  cost. 

Surco-American  Thinwall  Wrap  is  avail- 
able in  a wide  variety  of  formulations 
finer  sizes  of  wire  and  thinner  insula- 
tions than  shown  above,  for  use  where 
maximum  performance  under  specific 
operatina  conditions  is  required. 


HOW  CAN  yOU  USE 
AN  INSTRUMENT 

like  tki5 . . ? 


The  blower  illustrated.  No.  lVi*.  is  one  of  many  blower  models  manufactured  by  the  L-R 
Mfg.  Div.  with  C-F.M.'s  at  8000  R.P.M.  ranging  from  15  to  270.  These  blowers  will  outperform 
many  larger  and  heavier  types  formerly  in  use  and  where  size  and  weight  are  factors,  they 
are  the  answer  to  cooling  problems  presented  by  electronic  tubes  or  circuit  components  in 
airborne  communication  units  as  well  as  in  many  industrial  applications. 

2 °Z';  |CkP^CITY:  15  PFM*  8000  RP-M.;  CONSTRUC- 
TION: Houmng  of  high  impact  phenolic  plastic.  Wheel  is  turbo-type 
cadmium-plated  steel;  SIZE:  2%  long  x 61/64"  wide  x 2 W high. 

L-R  MANUFACTURING  DIVISION  OF 


-35T 


13  NEW  LITCHFIELD  STREET 
TORRINGTON,  CONNECTICUT 


MOVING  AIR- 


15  CUBIC  FEET  A MINUTE 
ONLY  2 Vi"  OF  SPACE  NEEDED 


This  H-B  Red  Top  Thermo-Regulator  has  limitless 
applications  in  the  field  of  accurate  temperature 
control.  It  is  used  to  eliminate  guesswork,  simplify  super- 
vision, increase  the  quantity  or  quality  of  production  and 
aid  in  hundreds  of  other  ways  by  holding,  controlling  or 
limiting  temperatures— automatically.  Ranges  are  from 
minus  35°  to  plus  350°  F.  and  temperatures  can  be  main- 
tained to  an  accuracy  of  a fraction  of  a degree.  Ranges 
may  be  set  as  specified  or  adjustable  units  may  be  set  at 
any  temperature  point  within  the  range  and  reset  as 
frequently  as  desired. 

Being  specialists  in  temperature  indication  and  control,  we 
are  able  to  give  the  benefit  of  our  experience  to  anyone 
who  asks— "What  can  I do  with  an  instrument  like  this?" 
Why  not  write  us  today?  H-B  instrument  Company,  2524 
North  Broad  Street,  Philadelphia  32,  Pennsylvania. 


THERMOMETERS  • THERMOSTATS  • RELAYS 
THERMO-REGULATORS  • HYDROMETERS 


then  sleeved  over  the  pin  of  the 

! phonograph.  The  pin  is  slightly  re- 
duced in  diameter  to  accommodate 
the  spool.  The  device  saves  time 
in  loading  a phonograph;  enables 
? one  to  keep  pre-selected  records  to- 
gether as  a unit;  prevents  marring 
or  scratching  of  records ; and  pre- 

t vents  accidental  dropping  of  a rec- 
ord. A special  carrying  case  for 
extra  groups  of  records  (which  are 
||  held  together  by  the  spool)  is  also 
available  from  Mr.  Solkover. 

1 

k 

^ Milliohmmeter 

l,  Milliohmmeter  No.  673-F  is  a 
new  addition  to  a line  of  direct 
rf  reading  resistance  measuring  test 


sets  produced  by  the  Shallcross 
Mfg.  Co.,  Collingdale,  Pa.  The  unit 
as  linear  scales.  The  six  scales 
nave  ranges  of:  0,  0.5,  1,  5,  10,  50 

and  100  ohms  full  scale.  This  range 

bridges  the  gap  between  the  regu- 
ar  Shallcross  milliohmmeters  used 
;<  f°r; low-resistance  testing  and  the 
ordinary  ohmmeters  used  for  high- 
h resistance  measurements. 


Headphone  Assembly 

Designed  for  comfort, 
J,COnven!ence  ^ this  asse 
heaHL  C”nsists  °f  headphone 

- ophone  comes  in  a plastic 
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AMPLIFIERS 

INTERCOMS 


Write  for  This 
Important  New 
CONCORD 
Presentation 

“Sound  Equipment” — ready  now — a new 
up-to-the-minute  Concord  folder  illustrat- 
ing and  describing  our  complete  line  of 
Amplifiers,  Intercoms  and  Recorders 
AVAILABLE  FOR  IMMEDIATE  SHIP- 
MENT. 


Amplifiers — ranging  in  output  ratings  of 
17  watts  to  75  watts  A. C.— also  6-volt 
units  with  and  without  built-in  phono- 
graph. Complete  listing  of  speakers, 
microphones  and  essential  equipment  also 
included. 


Intercommunication  Systems — master  and 
sub-station  combinations  for  every  pur- 
pose from  2 to  100  stations.  Push  button 
control,  universal  operation,  “busy  sig- 
nal” and  “call  waiting  light”  features. 
Recording  Equipment — professional  type 
for  microphone  recording,  radio  record- 
ing, transcriptions,  public  address. 
Engineering  Service — Our  engineering 
service  is  at  yourcommand,withoutcharge, 
to  answer  any  and  all  “Sound  Equipment” 
questions. 

Mail  the  coupon  below  for  your  copy 
of  “Sound  Equipment”  now. 


Zujcufeffe  fyuclio  C^tpotcUlcm 

CHICAGO  7,  ILL.  ATLANTA  3,  GA. 
901  W.  Jackson  Blvd.  265  Peachtree  Street 


CONCORD  RADIO  CORP. 

901  W.  Jackson  Blvd.,  Dept  G-75  fX  * 
Chicago  7,  Illinois 

Please  send  me  at  once  copy  of  your  new 
“Sound  Equipment”  folder. 


Name. . . 
Address . 
City 


.State. 
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THE  NEW 


SPEED  IRON 


Patents  Pending 


THE  SUCCESSOR  TO  THE 

ELECTRIC  SOLDERING  IRON 


100  WATTS 
IIS  YOLTS 
60  CYCLE 


60  CYCLE  i Kf  IT'S  REALLY 

FAST! 

A WY  SOLDERING  HEAT 
B"  IN  5 SECONDS! 

Wf  11  consists  of  a high  amperage,  low  voltage  transformer 
Br  wi,h  i,s  Primary  controlled  by  a trigger  switch.  To  the 
secondary  is  connected  the  combination  soldering  tip 
and.  heating  element.  The  tip  is  easily  replaced  its 
fW  flexibility  permits  forming  into  various  shapes  to  roach 

im  difficult  connections 

If  This  soldering  tool  is  a must  for  your  lab  and  for  many 

ft  special  applications  in  the  plant 

M Rugged,  fast,  powerful,  built  to  give  years  of  service 

“ Write  for  descriptive  literature 

Prompt  shipments  being  made  on  rated  orders 

PRICE  $12.95  F.O.B.  EASTON 

SEND  ORDER  TO 

WELLER  MANUFACTURING  CO. 

_ EPT‘  E EASTON.  PA. 


SENSITIVE  RELAYS  BY  SIGMA 
with  MECHANICAL  RUGGEDNESS  and 
PHYSICAL  ADAPTABILITY 


HERMETICALLY  SFAIFn 


The  Two  basic  Sigma  Sensi- 
tive Relays,  Series  4 and 
Series  5 are  available  in  a 
wide  choice  of  mounting 
styles.  Type  5 relays  have  both 
exceptional  sensitivity  and  ex- 
treme  ruggedness  (withstand 
SUUg.  shocks  without  dam- 
age). 


Some  advanced  design  fea- 
tures developed  for  wartime 
requirements  may  be  unneces- 
sary for  peacetime  applica- 
tions. But  the  wealth  of 
know-how  accumulated  dur- 
mg  the  development  process 
will  prove  of  inestimable 
value  in  solving  your  postwar 
control  problems. 


Sigma  Instruments,  im. 


SENSITIVE 

RELAYS 


% 
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Prom  the  product  dfl 
signer  through  to  finl 
assembly  and  use  ■ 
the  field,  the  Eby  Sprii 
Binding  Post  line  offt 
top  service  based 
dependability. 

The  spring  binding  pel 
offers  unique  advaq 
tages  that  can’t 
duplicated: 

ft 

1 . No  screw  cap  K 
tighten  or  com| 
loose  with  vibratio# 

2.  Constant,  even  preij 
sure  on  the  wire  cq 
all  times  in  all  pos  _ 
tions. 

3.  Easy  one-hand  feed 
ing  of  wire  into  thj 
post. 

4.  Corrosion  - resistanf 
long-life  springs 

5.  Complete  range  oj 
sizes,  stem  length 
and  accessories  foj 
every  application. 

Replace  with  Eby  Sprin  J 
Binding  Posts  — Write 

today. 


HUGH  H. 

EBY 

I N C ORPOIATEB 
18W.CHELTEHIYE. 
PHILABELPHM,  PL 
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BELOW  ZERO 


In  a KOLD-HOID  electrical  refrigeration  cabinet  you 
■on  process  metal  parts  and  tools  consistently  at  elose- 
/ controlled  temperatures  as  low  as  150  deg.  below 
zero— much  lower  than  can  be  attained  by  the  use  of 
Ory  ice  and  the  lowest  temperature  yet  commercially 
available.  This  unit  is  especially  designed  for  harden- 
ing steel  tools,  making  expansion  fits  on  close  toler- 
ance assemblies,  for  experimental  work,  and  for 
product  research. 

These  cabinets  are  built  in  two  sizes,  one  having  u 
work  capacity  of  5 cu.  ft.  and  the  other  a capacity 
of  11  cu.  ft. 

Write  for  further  specifications  and  quotation. 
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Doughnut  Coils  for  electronic  and  telephone  purposes. 
High  Permeability  Cores  are  hydrogen  annealed  and 
heat  treated  by  a special  process  developed  by  DX  engi- 
neers. Send  us  your  "specs"  today  — ample  production 
facilities  for  immediate  delivery. 


DX  RADIO  PRODUCTS  CO. 


GENERAL  OFFICES  1200  N CLAREMONT  AVE  CHICAGO  22.  ILL  . U 
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ALDEN 

FOR  GRAPHIC  RECORDING  OF  ANY  KIND 


ALDEN  PRODUCTS  COMPANY,  BROCKTON  (64E)  MASS. 


By  covering  the  entire  field  we  mean  making  equipment  for: 

1.  Photographic  pictures  of  reasonably  high  resolution  (such  as 
war  pictures  now  in  news.) 

2.  Continuous  recording— on  a type  of  equipment  whose  value 
is  proven  on  National  and  International  news  clrcuits-using 
Alfax  paper. 


3.  High-Speed  Signal  Analysis. 

Alfax  paper  has  made  this  possible  for  various  laboratorias 
and  government  agencies.  Other  equipments  have  employed 
Teledeltos  paper  for  message  work  and  other  purposes. 

4.  Outlying  posts,  where  servicing  equipment  is  impossible,  or 
where  radio  or  wire  links  are  poor,  through  the  use  of  Alden 
Tape  Recorders  (recording  medium,  ink).  Recorders  operate 
with  a minimum  of  trouble  and  adjustment. 


We  do  not  want  to  miss  the  opportunity  to  discuss  with  you 
whatever  interest  you  may  have  in  facsimile.  Write— or  better 
still,  visit  us  by  appointment. 


Our  cumulative  skills  in  designing  and  producing  radio  com- 
ponents  lit  now  applied  to  meking  equipment  Hut  coven  the 
ontlro  Hold  of  facalmlle. 

Practically  all  typ«  and  ilial  of  facilmllo  aod  Impulu  r .cording 
equipment  of  our  manufacture  are  proving  themaelvei  In  actual 
lorvice  such  at  found  In  war  communication. — tervlc.  that  hai  glron 
Alden  recorder!  a PRACTICAL  quality  that  under  ordinery  eon* 
Horn  would  not  be  obtained  In  yean  of  engineering  with  limited 
application. 

Aldan  recorders  aie  all  the  varied  mediant: 
Photographic  paper,  Sim,  electrolytic  paper, 
teledeltoa  aod  Ink. 
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dissipate  heat  and  power  and  stand 
up  indefinitely  under  actual  operat- 
ing conditions.  The  various  com- 
ponents of  this  unit  may  be  in- 
cluded in  actual  circuits  necessary 
for  testing  various  types  of  equip- 
ment. Harvey-Wells  Electronics 
Inc.,  Southbridge,  Mass. 


Slide-Rule 

All  the  values  of  the  regular  slide 
rule,  plus  8 mathematical  tables, 
are  included  in  a new  -slide-rule 
(designated  Multi-Slide  Rule)  de- 
signed by  Standard  Transformer 


C°rp.  (1500  N.  Halsted,  Chicaf 
111.)  who  will  sell  the  rule  t 
eether  with  a carrying  case  at 
j of  $1.00.  The  rule  is  made  c 
arable  stock,  clear  print  and  has 
Qsparent  plastic  indicator. 
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Savin?  man  hours  American,  plants 

in  the  DEBURRinG  R RD  FiniSHIRG  OF  small  PRRTS 

FOREDOM  UEXIBtf  SHAFT  MACHINES 


Here's  versatility  plus  in  any  man's  language. 
Let  Foredom  solve  your  production  prob- 
lems too.  Pencil-size  handpieces  tor  the 
hard-to-reach  places.  Larger,  ball-bearing 
handpieces  for  the  heavier  jobs,  all  quickly 
interchangeable.  Flexible  shafts  which  really 
ARE  FLEXIBLE. 

3 WAYS  Right! 

^ For  de-burring,  grinding,  finishing, 
polishing  and  other  light  production 
jobs — particularly  valuable  on  ir- 
regularly shaped  parts. 

2 In  tool  and  die  departments,  for 
grinding,  finishing  and  touching  up 
dies,  molds,  jigs,  etc. 


Model  111 


4 Quickly  interchangeable  bandpiece 
types — pencil  sizes  and  larger — 
some  with  flexible  wrist — see  arrow. 
★ ★★★★★★★ 
Another 
Foredom 
Time-Saver 


GRINDING 
KIT 


One  of  Foredom's  complete  line  of  versatile 
utility  grinding  kits  preferred  by  so  many  plants 
for  emergency  and  maintenance  needs.  You  too 
will  find  it  pays  to  spot  them  liberally  about  your 
plant.  Pencil-size  handpiece  facilitates  aettina  into 
tight  corners  for  touching  up  production  set-ups. 
Complete  with  accessories  $23.50. 

FOREDOM  ELECTRIC  CO. 

27  Perk  Piece,  New  York  7.  N.  Y. 

★ ★★★★★★★ 


} For  maintenance  and  emergency 
Roods — touching  up  set-ups  without 
disassembly,  removing  high  spots  on 
goon,  identification  marking  of 
equipment,  etc. 

THOUSANDS  OF  PLANTS  USE  FORE- 
DOMS,  including  Ford,  General  Motors, 
Chrysler,  Nash-Kelvinator,  Jack  & Heintz, 
Sperry  Gyroscope,  Bendix,  Westinghouse, 
etc. 

Models  from  $17.50  fo  $48.75.  Catalog  No. 
59  shows  complete  line  and  many  uses — 
may  point  the  way  to  solving  some  of  to- 
day's production  and  maintenance  problems. 
Write  for  your  copy. 

Order  from  your  regular 
Mill  Supply  House  or  direct 


FOREDOM  ELECTRIC  CO.,  2 

27  Park  Place.  New  York  7,  N.  Y.  jj 

Please  send  me  your  new  catalog  No.  59  : 
■bowing  the  different  uses  of  Foredom  2 

Flexible  abaft  Machines.  | 

Name  ■ 

Address  ; 

City Zone State ; 
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Plasticon  Types  AS  are  silicone 
impregnated  plastic  film  dielectric  capac- 
itors. They  will  operate  from  — 80c  F.  to  +256°  F. 
with  less  than  10%  capacitance  change.  Plasticons  are 
^ small  in  size  as  they  are  not  “voltage  derated." 


{Condenser 
products  C oinpany 


1375  NORTH  BRANCH  STREET  • CHICAGO  22,  ILLINOIS 


An  Invitation  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


FOR  BRUSHES 

High  current  density,  low  contact  drop,  low 
electrical  noise,  and  self-lubrication  are 
characteristics  of  this  silver-impregnated 
molded  graphite  that  may  be  the  answer 
10  your  electrical  brush  problems. 


FOR  CONTACTS 

Low  contact  resistance  and  non-welding 
when  breaking  surge  curtents  are  inherent 
properties  of  this  unique  combination  of 
conductive  silver  and  self-lubricating 
graphite. 


SAMPLES  of  Silver  Grapholloy  will  be  gladly  furnish'd  for  test  en  your  applications. 
Silver  Grapholloy  is  usually  silver  plated  to  permit  easy  soldering  to  leaf 


Springs  or  holders.  Why  not  WRITE  NOW  for  your  test  samples ? 

GRAPHITE  METALLIZING  CORPORATION 

1055  NEPPERHAN  AVE  • YONKERS,  NEW  YORK 
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SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


I** 


SUPREME 


TESTING  INSTRUMENTS 


VI 


WORTH 


FOR 


II 


) Though  Supreme'*  total  current 
production  is  still  needed  by 
and  being  sent  to  our  Armed 
Forces,  we  are  planning  es- 
tensively  in  our  engineering 
and  production  departments  to 
bring  you  your  post-war  Su- 
preme Testing  Equipment  at 
the  earliest  possible  date.  In- 
struments incorporating  radi- 
cal departures  and  improve- 
ments ...  the  result  of  the 
experience  and  know-how 
gained  through  over  sixteen 
years  of  producing  instruments 
proved  "Supreme  by  Compar- 
ison." 


e 


WATCH 


I is 


Ssi 


| JOBS 

I 

I’M 

lari 


WAITIN6 


These  dependably  accurate  Su- 
rname Testing  Instruments  will 
>e  worth  waiting  for. 


NEXT  MONTH 

for  announcement  of  Supreme* 
new  Model  565  Vacuum  Tu  e 
Voltmeter. 


Supreme  instruments  Co«p 

(.  r rr  n uxfott . Mill-.  U S ^ 
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netic  materials.  Bulletin  GEA- 
3682B  is  a 20-page  booklet  which 
illustrates  and  describes  sintered- 
alnico  magnets  which  are  com- 
pact and  permanently  stable  and 

I are  available  in  a variety  of 
shapes  and  sizes.  The  fourth  and 
last  Bulletin  GEA-4324  describes 
electric  tachometers  used  to 
I measure  rotational  speeds  from  1 
to  60,000  rpm,  and  linear  speeds 
which  can  be  measured  in  terms 
of  rpm. 

Electronic  Heaters.  Application 

I of  Allis-Chalmers  vacuum-tube 
electronic  heaters  for  both  induc- 
tion heating  of  metals  and  dielec- 
tric heating  of  non-metallic  mate- 
rials is  explained  in  a 4-page 
bulletin,  No.  B6372,  issued  by 
Allis-Chalmers  Mfg.  Co.,  Milwau- 
||  kee  1,  Wis. 

House  Organ.  Westinghouse 
Newsfront  is  the  title  of  a new 
monthly  report  on  the  highlights 
of  Westinghouse  Electric  Cor- 
poration’s scientific  research, 
- engineering,  and  production.  Vol. 
h No.  1,  is  available.  Write 
Westinghouse  Newsfront,  306  4th 
Ave,  Box  1017,  Pittsburgh  30,  Pa. 

r Finings.  New  information  has 
been  added  on  the  many  types  of 
self-tapping  screws,  socket  screws, 
end  other  fastening  devices  in  a 
; new  edition  of  Parker-Kalon’s 
’ ™tening  Catalog  Data  Book. 
204  Vnrick  St.,  New  York  14,  N.  Y. 

?“dio  Components.  A Partial 
: t,lr!Ctory  of  Radi°  Components  is 

ut‘e  of  8 4-page  bulletin  which 
ists  500  different  items  in  30 

..  as  manufactured 

y the  Alden  Products  Co.,  117  N. 
Mam  Si-  Brodkton  64,  Mass. 

polystyrene.  A new  tech- 

d leer  eti”  C°ntains  data  on  the 
fsctrn^"1*  con8tant>  power  and  loss 
£2  “ weI1  as  electronic 
weld  r.  8 of  No-  912  poly- 
tiond  i P!re  polystyrene  in  solu- 

c»rp  5LArriCan  Phenolic 

, «4o«oS  54th  Ave”  chi- 

Sei8AaCr0rif  Bulletin  No- 

Jtratea  *?t!e  folder  wR»ch  illus- 
sorim  frl  d.e8cribes  cable  acces- 

CstTvAndreW  C°-  392  East 

10  ct-.  Chicago  19,  111. 


To:  MR-  M**®  mahsc.  I 

* * uR  CHIEF  ENGINEER 

From:  ATLANTIC  ENGINEERING  PRODUCTS 

Subject:  POST-WAR  SALES  ENGINEERING  ■ 

„ >ou  do  fto.  e«t  w«  £ ■ 

electronic  manuf  acturerwril  q etent,  aggress.ve  ■ 

THREE  POINT  SALES  PROGRAM  I 

1 SELLING  THE  RIGHT  h knowledge  of 

o^r  years  of  experience  hove  given  us^a  thorouQ,  acqua|nted  in  ■ 
*•  hove  acquired  a reputation  I 

t Z2ZZA-  v SH0(, 

2.  MAINTENANCE  W A JAM  ^ a rell  equipped 

siespssss  I 

in  the  design,  production, 

Our  engineering  sta 

Iss-Hg-jgasss 

VACUUM  and  GAS  TUf^,rFS 
EQUIPMENT  and  DEVICEb 

3.  FIELD  ENGINEERING  ^*^tent  soie$  engineers. 

. will  represent  you  ore  . . They  will  act  °s 

ment  and  reliability*  . ©r  three  manu 

b;"»  rssXZXS  *.»  - * 
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KWIKHEM 

SOLDERING 


'HOT  IN  90  SECONDS 
READY  FOR  USE . • ! 

Kwikheal'i  built-in  thermostat  main- 
taint  proper,  even  heot  for  most  effi- 
cient economical  operation.  Can't 
overheat  . . . tavet  tipi  . . • requires 
less  retinning.  Powerful,  225  watt*, 
yet  light  weight  (14  ox.},  well-bal- 
anced with  cool,  protecting  handle. 
Choice  of  # 0,  1,  2 or  3 tip..»l  1.00 


6 TIP  STYLES 

Interchangeable 


ask  your  jobberi 


V»>-  XIX,  No.  10  of 
General  Radio  Experimenter 

the  followin»  articles 
High-Frequency  Compensation  for 
Ampljfiers,”  “Dynamic  Balancing 
in  the  Field  with  the  Aid  of  a Stro 
boscope,”  “The  Use  of  Variacs  at 
Voltages  Above  230”  and  “Rubber 
Glove  Tester  Uses  Variac.”  Genera! 
Radio  Co.,  275  Massachusetts  Ave., 
Cambridge  39,  Mass. 

Tube  Manual.  A new  1945  Cata- 
log and  Manual,  available  for  25 
cents,  contains  information  on  all 
tubes  manufactured  by  Taylor 
Tubes,  Inc.,  2312  Wabansia  Ave., 
Chicago  47,  111.  Some  22  pages  of 
the  manual  are  devoted  entirely  to 
tube  characteristics,  and  a large 
portion  of  the  catalog  contains  tech- 
nical information  on  transmitters 
and  tubes. 

Reference  List  of  Tube  Types.  To 
assist  design  engineers  in  the  se- 
lection of  tubes  for  specific  applica- 
tions there  is  available  a handy 
pin  up”  chart  of  recommended 
tube  types.  Sylvania  Electric  Prod- 
ucts, Inc.,  500  Fifth  Ave.,  New 
York  18,  N.  Y. 


Plastic  Molding.  A 16-page  book- 
let entitled  “A  Businessman's  Guide 
to  the  Molding  of  Plastics”  contains 
charts  and  photographs.  A good 
portion  of  the  booklet  deals  with 
material  selection,  design,  mold- 
making, and  production.  Also  con- 
tained in  the  booklet  is  data  on  the 
facilities,  equipment  and  the  pro- 
duction capacity  of  Kurz-Kasch, 
Inc.,  Dept.  7G,  1415  S.  Broadway, 
Dayton  1,  Ohio. 

Replacement  Capacitor  Catalog. 
Catalog  No.  195  contains  complete 
data  on  capacitances,  sizes  and 
prices  of  Cornell-Dubilier  (South 
Plainfield,  N.  J.)  electrolytic  capac- 
itors. 

Industrial  Sound.  A 66-page  pam- 
phlet has  been  compiled  giving  a 
comprehensive  picture  of  the  in- 
stallation and  most  efficient  use  of 
equipment  for  transmitting  sound 
as  an  operational  and  morale  item 
in  war  plants.  The  title  of  the  pam- 
phlet is  “Guide  to  Industrial 
Sound.”  It  is  sponsored  by  The  In- 
dustry Advisory  Committee  for  In- 
dustrial Sound  Equipment  and  The 
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HERE  TOP AVi 
AND  HERE  tI 
STAY 


New  Standards  of 
Brazing  Speed, 
and  Economy  set  by 

SUfTOSam 

tAsy-no 


Thai*  two  low  temperature  silver  braz- 
ing alloys,  created  by  Handy  1 Haraas 
have  made  brazing  one  of  the  foiled 
production  operations... They  hove  “tin 
new  standards  for  strength  ond  olhet^  , ^ 
vital  properties  of  brazed  joints  . . «,t 
They  have  created  o new  conception  ol  ^ ^ 
brazing  reliability  and  economy  . . ssi  step 
They  have  made  practical  the  tabor*  > on.  U! 
metal -co it -saving  brazed  construction 
now  used  in  fabricating  o wide  voriely  ~ 
of  parts  formerly  cast,  forged,  machined 
from  the  solid,  bolted,  threaded  or  .. 
riveted. 


180,000  of  those  engine  thereto- 
couple  assemblies  were  turned 
out  in  fast  rime  with  the  simple 
EASY-FLO  brazing  set-up  shown 
below,  using  foot-controlled  cor- 
bon  electro  heofing. 


Start  now  to  put  your  brazing,  old  ond  Mr*, 
on  the  fast,  profitable  SIl-FOS  and  EASY’ 
basis. 

GET  run  DETAILS  IU LLETIN  U* 

Write  for  your  copy  «* 
this  interesting 
s tractive  bulletin  today 


HANDY  \ HARMAN 

SI  FULTON  ST..  NIW  TO««  1'  N 


wav'*  eieusy1  Bf-dgepo"  Cow»  • Chwego.  <■ 

Agents  in  Priijclpol  Cits* 
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900  BROADWAY  • NEW  YORK  3,  N.  Y. 


Telephone:  ALgonquin  4-5180-1-2-3 


ijneers, 


• 10  days  examination 
on  approval 

INTRODUCTION  TO  MICROWAVES 

ly  Dr.  Simon  Romo,  General  Electric  Company; 
Union  College,  Schenectady,  N.  Y.  135  paqes 
Wo  x S'/*,  $1.75. 

Here  is  a complete  noil-mathematical  description 
of  the  physical  basis  for  all  microwave  phenomena, 
for  engineers  and  industrial  men  who  desire  an 
understanding  of  microwaves  and  their  application. 

e book  covers  transit-time  electronics,  velocity 
modulation,  radiation,  transmission  lines,  resonant 
ttvitiej  and  wave-guides  and  correlates  microwaves 
with  lower  frequency  electricity  in  simple  language 
and  with  a large  number  of  explanatory  diagrams. 

cn  s for  the  first  time  the  basic  concepts  of 
microwaves  and  their  relation  to  the  lower  elec- 
ncity  range  in  such  a manner  that  in  a few 
iSTLTJ"'  ",1y  u"d"sla"'1  <'■<-■  principles 


v-onsider  your  Pilot  tight  prob- 
lem solved!  The  extensive  Diolco 
line  covers  every  conceivable 
application  — Aircraft,  Marine, 
Electrical,  Electronic,  Radio,  and 
Industrial.  We  are  geared  to 
supply  COMPLETE  ASSEMBLIES, 
housing  required  G.E.  or  West- 
inghouse  Lamps.  Special  empha- 
sis on  NEON  applications.  Send 
data  for  estimates,  suggestions, 
and  samples. 


Write  for 
CATALOG 


ANSWER 

TO  YOUR 

CONDENSER 

1R.e*^Oie*Ke*tt4\ 


who*  J|',  rro/enor  0/  electrical 

Second 

• 7u  po’«'  ‘"0  Illustrations.  $5.00. 

in  iui,c  cif- 
le<  and  ♦»,  • cmi>ha?13  on  fundamental 
ustrial  electrir  • USC  <n  many  aPPbcations 
easurom^t1  1CS*  co™munications,  power. 

1 hnowloHiy3  ^ss^m^'n8  and  coordinating 

n tubes  the  hUli  thC°ry  an<1  aPPIicati°n  of 
, and  ’ ;'h  ^ covers  its  subject  author!, 
es  „i  J,”  ?etni1-  f™m  thrr  fnndaurental 
Si “TJ  s,ruc,ur'r  ioniza- 

t the  Hr.i  d "fission,  to  practical  mate- 
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MeGRAW-HILL  coupon 


* 

cwh  0r^<*rsf)' 

D Ramo-int 
Q Cockrell—! 

0 Itelch- 

N'tiae  .. 


for  10  days'  examlna- 
1 then,  ^ . DaIy. for  tool™.  Plus  few 
them  postpaid.  (Postage  paid  on 

to  Microwaves,  $1.75 
Electronic  Control,  $2.50 
Applications  of  Klectron  Tubes. 

$5.00 


BUD  RADIO,  INC.  Dept.  D Cleveland  3,  O. 

Send  me  your  new  BUD  Catalog,  no  obli- 
gation attached. 

Name  


BUD  RADIO,  INC 

Cleveland  3,  Ohio 


W'0,„  lnlhe  united  Statist  onl. 


Address 
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BACK  THE  INVASION  — BUY  MORE  BONDS  NOW! 


WESTON  MODEL  697 

V olt-Ohm-Milliammeter 


A small,  lightweight  multi-range  master  test, 
unit.  Ideal  for  production  tests  on  motors, 
electrical  equipment,  and  parts,  as  well  as 
laboratory  work  and  general  maintenance. 
Ranges  have  been  carefully  selected  to  meet 
many  measuring  requirements $24.00 

R.  C.  P.  MODEL  804 

Tube,  Battery  and  Set  Tester 

A portable  tester  equipped  for  direct  testing 
of  all  acorn  tubes  as  well  as  old  and  new 
types  of  regular  receiving  tubes,  rectifiers,  etc. 
Also  tests  condensers,  batteries,  etc.  Complete 
with  sturdy  wood  case;  ready  for  operation  on 
105-135  volts.  50-60  cycles.  . $84.50 

R.  C.  A.  MODEL  160  B 

Portable  Oscillograph 

May  be  used  for  engine-pressure  measurements 
and  similar  applications,  besides  standard  os- 
cillograph functions.  Amplifiers  have  unusually 
wide  frequency  range.  The  5*  screen  gives  an 
easily  read  image $142.50 


Also 


Precision  Model  832  S— AC-DC  Tester  $18.65 
R.  C.  P.  Model  442— 

Volt-Ohm-Milliammeter  21.00 

Electronic  Design  Model  100—  Voltohmlst  48.00 
Jackson  Model  652 — Audio  Oscillator  . . . 88.50 

♦On  44-5  Priority  or  better 

HARVEY  is  prepared  to  provide  informa- 
tion on  all  Standard  Instruments  . . . 

R.  C.  A.  TRIPLETT 

WESTON  SUPREME 

HICKOK  R.  C.  P. 

SIMPSON  PRECISION 

G.  E.  JACKSON 

. . . and  others 


Reasonably  prompt  deliveries 


390 


Radio  and  Radar  Division  of  the 
War  Production  Board  and  is  avail- 
able for  15  cents  from  the  Super- 
intendent of  Documents,  U.  S.  Gov- 
ernment Printing  Office,  Washing- 
ton, D.  C. 

Resistors.  Koolohm  type  resistors 
having  the  “tropicalized”-glazed 
outer  protective  shell  and  new  type 
of  moisture-proof  end  seals  are  de- 
scribed in  a new  catalog  which  also 
contains  data  on  5,  10,  25,  50  and 
120-watt  fixed  types,  as  well  as  10- 
watt  adjustable  types.  Sprague 
Products  Co.,  North  Adams,  Mass. 

Tropicalized  Wax.  This  6-page 
folder  discusses  tropicalized  wax 
(fungus  resistant)  and  tells  about 
results  of  tests  made  on  this  manu- 
facturer’s products.  Four  pages  of 
the  folder  show  illustrations  of 
Agar  test  plates  of  wax  heated  at 
250  deg  F.  Zophar  Mills,  Inc.,  112 
26th  St..  Brooklyn  32,  N.  Y. 

Research  Institute  of  America. 
“Rehiring  Your  Company’s  Veter- 
ans” is  the  title  of  a recent  Re- 
search Institute  analysis  on  the  sub- 
ject. The  booklet  is  timely  and 
authoritative  and  tends  to  answer 
most  of  the  questions  pertaining  to 
veterans  employment  or  re-employ- 
ment.  It  is  an  analysis  which  every 
employer  should  read.  Four  chap- 
ters of  particular  interest  are 
“Your  Rehiring  Obligations  Under 
the  Raw,”  “Where  to  Get  Help  in 
Retraining  Veterans,”  “The  Mean- 
ing of  Changed  Circumstances,” 
and  “Solving  Seniority  Questions.” 
Copies  may  be  obtained  by  writing 
the  Public  Relations  Dept.,  Re- 
search Institute  of  America,  292 
Madison  Ave.,  New  York  17,  N.  Y. 

Electronic  Controls.  Bulletin  No. 
Z6300  (supersedes  Bulletin  No. 
Z6200)  is  a 12-page  bulletin  which 
contains  a condensed  listing  of 
electronic  controls  available  from 
Wheelco  Instruments  Co.,  Harri- 
son & Peoria  Sts.,  Chicago  1,  111. 

Silicon  Steels.  Core  loss  data, 
magnetization  curves  and  perme- 
ability curves  are  given  in  a new 
technical  bulletin  which  confines 
itself  to  brief  essential  data  on  the 
several  grades  of  Republic  silicon 
steels  most  generally  used  at  this 
time.  The  bulletin  is  prepared 


There  is  no 
substitute  for 

in  metal  parts 
fabrication 


Mom  production  methods  demand  high 
dimensional  accuracy  today,  particu- 
larly where  replacement  parts  must  be 
readily  interchangeable.  The  experi- 
ence and  manufacturing  techniques  of 
OLYMPIC  assure  strict  adherence  te 
dimensional  limits  in  sheet  metal  work- 


ing and  fabrication. 

OLYMPIC  metal  fabrication  facilities 
are  available  for  the  accurate  and 
precise  fulfillment  of  your  needs. 
Stamping,  forming,  tooling,  turning, 
drawing,  grinding,  soldering,  welding 
or  brazing,  etc.— all  are  accomplished 
to  your  exact  specifications.  Any  finish 
—painting  or  plating— os  required. 


OLYMPIC 

TOOL  & MFG.  CO.,  INC. 


39  CHAMBERS  ST. 
NEW  YORK  7,  N.Y. 
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LINEAR  PRESSURE 
•TIME-CURVE  INDICATOR 


Indicates  in  linear  response,  on  screen  of  cathode  ray  oscillo- 
graph, the  pressure-time-curve  of  any  internal  combustion 
engine,  pump,  airline,  or  other  pressure  system  where  pressure 
measurements  are  desired.  Static — also  dynamic  pressure  up 
to  100,000  R.P.M. 


ELECTRO  PRODUCTS  LABORATORIES 

549  W.  RANDOLPH  ST.,  CHICAGO  6,  ILL.  Phone  STAte  7444 


Simple  operation— Only  one  control 

In  operation  the  pick-up  section  (at  left)  is  inserted  in 
cylinder,  chamber  of  airline,  etc.  The  pick-up  response 
is  transmitted  after  amplification  to  screen  of  oscil- 
lograph. Now  used  for  pressure-time-curve  of  C.F.R. 
aviation  fuel  test  engines,  on  2-cycle  engines  for  pres- 
sure-time-curve of  main  cylinder  or  crankcase, 
and  for  Diesel  engines  and  many  other  appli- 
cations. 

For  complete  information  write 


Pickup 


Section 


sua& 


LEADERSHIP 

IN  DESIGN  AND  MANUFACTURE 
OF  RADIO-ELECTRONIC  PRODUCTS 

The  outstanding  production  rec- 
ords of  Insuline  have  twice  been 
commended  by  the  Army  and 
Navy.  New  designs,  new  prod- 
ucts, new  manufacturing 
methods  are  constantly  being 
devised,  so  that  after  V-Day  it 
will  still  be  true  that,  in  the 
Radio-Electronics  field,  "ICA 
Leads  the  Way." 


New!  De  Luxe  Phone  Jacks 

Feature  Many  Special  Advantages 

DESIGNED  FOR 
GREATER  EFFICIENCY 

ICA  leadership  is  embodied  In 
these  new  Jacks  having  the  fol- 
lowing features:  Constructed  of 
an  accurate  automatic-screw- 
machine  brass  body:  assembled 
with  molded  bakelite  separators. 
Designed  to  give  maximum  pro- 
tection against  creepage.  moisture  and  other  foreign 
matter.  By  use  of  arch  springs,  the  small  size  and 
light  weight  of  the  jack  enables  It  to  be  used  in  con- 
fined spaces,  reducing  the  chances  of  electrical  inter- 
action In  critical  circuits.  Contacts  are  made  of  phos 
phor  bronze,  silver-plated.  Furnished  in  3 styles |—No 
1920,  Single  Open  Circuit:  No.  1921.  Single  Closed 
Circuit;  No.  1922.  Three-way  Microphone  Jack. 


Write  lor  48-page  Catalogue  describing  the  extensive  line 
ol  ICA  Radio-Electronic  Products  . . ■ Also  8-page  brochure 
presenting  the  ICA  Manufacturing  facilities - 
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CERAMIC 

CAPACITORS 

0 Available  in  Temperature 
Compensating  and  Hi-K  type. 
Dielectric  factors  19  to  over 
'200.  Solid  Silver  condenser 
Plates,  non-aging  and  non- 
'oxosive,  gauged  to  thou- 
«on<Mis  of  an  inch,  fused  for 
#nR  lif«  Porformance. 

Hi -Dielectric  Enamel  Finish 
"""•tends  mechanical  and 
thermal  shock. 

Color  coded  for  accuracy  in 
ufontification, 


electrical 

reactance 

P°  R A T i o N 

Ranklinville,  n.y. 
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Electronically- controlled  prod- 
ucts, equipment,  instruments  and 
appliances  will  undoubtedly  typ- 
ify the  post-war  era.  IN-RES-CO 
types  RL  and  SL,  non-inductive 
resistors,  are  typical  of  those 
which  will  meet  future  require- 
ments for  compact  units  main- 
taining accuracy  under  continu- 
ous operation. 


Type  RL  has  a maximum  resist- 
ance of  500,000  ohms,  is  rated 
at  V2  watt,  and  measures  Va" 
high  and  y2"  in  diameter.  Type 
SL  has  1 watt  rating,  a maximum 
resistance  of  1 megohm,  and  Is 
1"  high  and  Vr"  in  diameter. 
These  IN-RES-CO  resistors,  by 
their  design  advantages  and 
long-life  capabilities,  will  serve 
to  strengthen  trade-name  good- 
will and  sales  potentials.  A copy 
of  the  new  IN-RES-CO  catalog 
will  be  sent  promptly  on  request 
on  company  letterhead;  write 
today. 


for  the  electrical  manufacturing 
industry  and  is  available  from  Re- 
public Steel  Corp.,  Republic  Bldg., 
Cleveland  1,  Ohio. 


Induction  Heating.  Two  separate 
booklets  available  on  this  subject 
include  a reprint  from  The  Iron 
Age  entitled  “Induction  Heating, 
A History  of  Its  Development”  and 
Bulletin  No.  25  entitled  “Induction 
Heating  & Melting  in  Industry.” 
This  28-page  booklet  contains  il- 
lustrations and  descriptive  data  on 
equipment  available  from  Ajax 
Electrothermic  Corp.  Ajax  Park, 
Trenton  5,  N.  J. 


Background  Data.  Alden  Prod- 
ducts  Company  (117  North  Main 
St.,  Brockton  64,  Mass.)  have  is- 
sued a 44-page,  nicely  bound  cata- 
log which  tells  about  their  facilities 
for  designing,  engineering  and 
manufacturing  complete  sub-as- 
sembles  and  items  difficult  to  ob- 
tain. The  booklet  contains  many 
illustrations. 


Radio  Parts.  Catalog  No.  U.C.-44 
has  been  prepared  essentially  to 
provide  the  buyer  of  Utah  parts 
with  all  of  the  important  technical 
data  pertaining  to  these  products. 
The  catalog  is  spiral  bound  and  con- 
tains 50  pages  of  illustration  and 
descriptive  matter.  Utah  Radio 
Products  Co.,  812-20  Orleans  St., 
Chicago  10,  111. 


X-Ray  Diffraction.  “X-Ray  Dif- 
fraction Apparatus  and  Applica- 
tions” is  the  title  of  a 26-page  book- 
let (Bulletin  No.  1245)  which  con- 
tains a section  devoted  to  the  ap- 
plication of  x-ray  diffraction  and 
gives  typical  diffraction  radio- 
graphs and  their  interpretation. 
Picker  X-ray  Corp.,  300  Fourth 
Ave.,  New  York,  N.  Y. 


INSTRUMENT 
RESISTORS  CO. 


Selenium  Rectifiers.  Bulletin  No. 
RDP-107  is  intended  primarily  for 
design  engineers  who  use  rectifiers 
or  other  sources  of  direct  current 
in  their  products.  It  is  an  engineer- 
ing manual  and  gives  standard  ele- 
ment specifications.  Fansteel  Met- 
allurgical Corp.,  Rectifier  Div., 
North  Chicago,  111. 
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SYNCHRONOUS 
TIMING  MOTOR 

kf  fyaydtfon. 

SDfinninn  m . I i*  r . 


✓ / 

Springing  from  a long  line  of  timing  mo- 
bY  Flaydon  engineers,  now  Heydon 


“y  H«ydon  engineers,  now  Heydon 
lectroneered  Timing  serves  e thousand 
industries  With  more  than  a million  Hay- 
«o»  Synchronous  motors  of  many  types— 
ndredsoUhom  custom-made  for  spe- 
1 and  critical  applications, 
an  or  automatic  timing  in  your  prod- 
HauJ  Sy"^r°n0U?,  motors,  by 

of  5 Vn  °va,l^FIe  with  torque  output 
...  . 0 20  '"dF  ounces,  basis  I RPM; 
salt  in y protec,8d'  wh«re  necessary,  for 
Tk2’-  r°P!cal  service,  vibration  . . 
specifirUJ*-Cate^r to  arr,Lient  temperature 
« an,0|S/f  ,he  c°stomer;  special 
peraton  . **  “•M*  for  high  tarn- 
voltaqes  ' r vai,obl?  In  » wde  range  of 

!^Vcompr-'l:2d  °U,put  shaft 

By-, 

blc  ^otorLako  aval1*-  Wmm 

tioe„s.f0r  DC  App'-‘  $3 
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'»«•  on  your  reguoit. 


*Mctroneered  timing 

Ttaydon 


ELEctRonics. 


■July  1945 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


oonitS  BUY  MORE  WAR  BONOS  if 


Digitized  by ' 


Qndfieqond 

^ You  can  count  on 
Wincharger  Anten- 
na T owers.  They 

« combine  strong  effi- 
cient coverage  with 
built  to  last  quali- 
ties that  insure  you 
years  of  service. 

Add  to  these  ad- 
vantages their  strik- 
ingly attractive  ap- 
pearance plus  a sen- 
sationally low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in- 
creasing number  of 
Wincharger  Anten- 
na Towers  are  being 
used  for. 

Commercial  Broadcasting 
Police  Work 

Signal  Corps  Air  Lines 
Ordnance  Plants 

To  be  sure  lor  years  ahead 
-be  sure  to  specify  V/in- 
charger  Antenna  Towers. 
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NEW  BOOKS 

The  Soul  of  Amber 


By  Alfred  M.  Still.  Published  by 
Murray  Hill  Books,  Inc.,  232  Madison 
Ave.,  New  York,  N.  Y.,  19H.  27i 
pages,  f2.50. 

This  book  will  never  achieve  the 
heights  of  popularity  held  forth  by 
the  publishers  in  the  jacket  because 
it  is  definitely  not  a “popular"  book. 
However,  it  is  a contribution  to  the 
literature  on  electrical  science  that 
could  easily  become  of  major  im- 
portance. 

It  is  a review  of  practically  all 
of  the  great,  and  most  of  the  near- 
great, names  in  the  history  of  elec- 
tricity, including  what  they  con- 
tributed to  electrical  science  and 
what  they  thought.  As  such  it  is 
of  definite  value  to  anyone  inter- 
ested in  the  background  of  electric- 
ity and  electronics.  The  author  has 
performed  a monumental  piece  of 
work.  He  has  read,  digested  and 
evaluated  an  incredible  amount  of 
literature  that  deals  with  the  per- 
sonalities behind  electrical  engi- 
neering down  through  the  ages. 

The  name  of  the  book  is  inaccur- 
ate, in  a sense,  because  the  soul  of 
amber  is  electricity  or  an  electrical 
charge.  Amber  as  such  is  discussed 
only  briefly.  It  would  seem  that  the 
title  was  chosen  for  popular  appeal 
when  the  text  does  not  live  up  to 
that  appeal.  Actually,  this  book 
would  make  dull  reading  for  anyone 
not  interested  in  electricity  and  the 
development  of  this  “art”  as  we 
know  it  today. 

There  are  some  errors  of  omis- 
sion that  seem  to  be  serious, 
whether  or  not  they  are  intentional. 
Nothing  is  said  about  the  contribu- 
tions of  Edison  and  Tesla.  Stein- 
metz  is  covered  only  briefly.  West- 
inghouse  and  William  Stanley  are 
given  all  the  credit  for  developing 
alternating  current  to  the  point 
where  it  was  practical,  even  though 
Westinghouse  paid  Tesla  $1,000,000 
for  his  patents.  None  of  the  living 
electrical  scientists  are  mentioned 
at  all.  Conversely,  what  seems  like 
an  inordinate  amount  of  space  is 
devoted  to  Faraday,  Eddington  and 
others  who  although  they  are  im- 
portant seem  to  have  been  empha- 
sized too  much. 

Two  indices  are  provided— one  of 
names  and  the  other  of  subjects. 
Both  could  be  considerably  ex- 
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IEUL-COATINC  PROCESS 

• PAST  AND  • FOR  HEAVIER 

ECONOMICAL  COATINGS 

"W*>!  ONLY  (AMD  ELECTROLYTE— RAPID 
NETAl  CLEANER— RAPID  APPLICATOR 

• Plating  current  Is  obtained  from  dry 
ctDi,  storage  battery,  or  any  convenient 
oourss  of  direct  current  at  3 to  6 V..  or 
«e  Rapid  Plating  Rectifier  for  heavy 
work, 

•For  «UT«.uriaciiig  bua  bat  conuoe- 
lugi,  nrltch  blad.i,  etc.  For  plat- 
r*T  or  touching  up  mlscellaneoui  our- 
W*“l  cadmium,  nickel,  sine,  copper 
Building  up  limited  aroaa. 
ted  surfacing  with  nlekol.  Dud  In 
Spodai  applicators  de- 
■TOd  to  (pood  up  production  lino  |ob>. 

loteclo/y  I,  glad  to  cooperate. 

No  obligation 

topii  Electroplating  Process,  lac. 

1,14  *■  W«b«»k  A»o.,  Chicago  5.  III. 


Listen,  Jim! 

associated  research 

HOI  ONLY  MAKES 

ViBROTESTS 

tor  insulation  resistance  testing  but  also 
VIBROGROUND  for  ground  testing,  HYPOT  for 
high  voltage  breakdown  testing,  DONUT 
. transformers,  SHUNTS,  RESISTORS,  and 
ether  products. 


Y/Hiee  cam 

teer... 


v e- 


Vo  (Grankina. 
Vo  jCevetiny 


Self-contained  power  source.  Easily 
reed  scale  shows  ohms  end  megohms. 
Vibrotesf  Model  201  Illustrated.  Rang, 
0-200  megohms  at  500  V.  potential. 
0-2,000  ohms,  150-300-600  volts  AC  or 
D.C.  Send  for  Bulletins  on  ell  models. 


Sreybw  Bldg. 
***  Tsrit.  N.  Y. 


237  Rialto  lldg. 
See  Froacheo,  Calif. 


VIBROTEST  is  an  outstanding  name  tor 
easy  simplified  and  accurate  insulation  re- 
sistance testing.  Compact,  portable,  oper- 
ated in  any  position,  it  is  in  wide  use  in 
electrical  power  fields,  industry  and  all  elec- 
trical departments.  But  it  is  only  one  of  the 
many  products  of  Associated  Research. 

BRING  TOUR  SPECIAL  PROBLEMS  TO  US 

The  experience  of  our  technicians  is  at  your 
disposal,  with  complete  facilities  for  design- 
ing, developing  and  manufacturing  to  your 
requirements.  We  serve  organizations  and 
individuals.  We  produce  in  large  and  small 
auantitles.  We  are  equipped  for  prompt 
delivery. 

Englnaarlng  Service  Representation  In  all  Principal  Cilia, 
WIRE  OR  WRITE  FOR  IMMEDIATE  ATTENTION 

223  $q.  Green  Street 
Chicago  7,  Illinois 


A m«toni-ih,d  industrial  organ!- 
>*h°n  offers  an  excellent  oppor- 
n,jY  to  a man  with  the  necessary 
'Nlrfications.  Position  w„|  p.y 

J*  .!*.*7'  ««d  post-war 

teuwlitias  tr,  unulu>||y  lttrac. 

H*  7*"  "•  “•*  must  hold  on 
«r  Mechanical  Engin.or- 

»Wr"'.ndh*V.*bowl«d9a 

or  •l«*">nies.  Ha  should 
*•  •*  bast  four  years  prac- 
'■  in‘*rum.nt 

wiB  bl  hoM  - " t***'1'  Your  r*P,Y 
WMc  ,ln  ,trlct  oouBdanct. — 

^ '•9-l.tionsobw„.d.  0ur 

""•I  lno»«  of  this  adv.  Writ. 

»•  *!naP^>!NE'"lronl<» 

■ N«w  York  cits  is.  N. 
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SCREW  MACHINE  PARTS  AND  STAMPINGS 


p O 


• METAL  AND 
PLASTIC 
SPECIALTIES 


Experienced  lubrication  and  dependable  service 
(0,  all  types  af  radio  and  electronic  parts.  Send 
„,¥o„,  drawings  and  specifications  far  quota., an. 


STAMFORD  METAL  SPECIALTY  CO.,  428  BROADWAY,  N.  Y.  13 

^fUtaC  7(/<yi6  SucKf  “DcAvilfitioH 


IOUR  c-fetv  device 

An  inevpensivc  aepcndaWe  wh  access 
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Walden  Worcester 

I WRENCH  SETS 

Engineered  for  Strength  and  to  fit 
the  mechanics  need.  Thousands  of 
these  sets  have  been  sold  here  and 
abroad. 


y Standard 
f*  Set  No.  26T 

The  Mechanics  Favorite.  Wide  range 
of  Sockets,  Special  Handles,  Revers- 
ible Ratchet  Wrench.  22  pieces  in  a 
9 Steel  Box. 


Set  No.  16T 

' A very  handy  set  of  17  pieces  in  a 
Steel  Box. 


| Set  No.  5110  w 

(3  Wide  range  of  Sockets,  Special 
§ Handle,  Reversible  Ratchet  Wrench.  I 
1 21  pieces  in  a Steel  Box. 

I Send  tor  Catalog  No.  WALDEN1 

™ 141  picturing  a full  line  wo rtfstfr  I 


I f of  Automobile,  Aircraft 
and  Radio  Tool*. 


WO  RCEST C R 


STEVENS  WALDEN,  INC. 


468  SHREWSBURY  STREET 


WORCESTER,  MASSACHUSETTS 
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panded  to  make  the  book  of  greater 
value  to  those  who  want  more  de- 
tail. There  is  also  a too-short  chron- 
ological table  of  key  dates  in  the 
progress  of  electrical  science.  Just 
in  passing,  it  would  be  interesting 
to  know  why  the  dates  for  the  first 
steam  locomotive  and  Fulton’s 
steamboat  are  included  in  this 
table.— k.S.p. 

• • • 

Plastics  in  Practice 

By  John  Sasso  and  Michael  A. 
Brown,  Jr.  Published  by  McGraw- 
Hill  Book  Co.,  S30  West  1, 2nd  Street, 
New  York  18,  N.  Y.,  19U5  185  pages, 

$lt.00 

More  than  one-half  the  total 
poundage  of  molded  and  laminated 
plastics  goes  into  parts  and  assem- 
blies associated  with  electrical  cir- 
cuits. Because  electronics  is  a rela- 
tively new  science,  it  is  only  nat- 
ural that  a good  portion  of  this 
poundage  should  be  found  in  elec- 
tronic applications.  In  effect  a 
handbook  of  plastic  applications, 
this  book  offers  much  of  interest  to 
electronic  engineers,  especially  if 
they  are  concerned  with  the  devel- 
opment, design  or  production  of 
components  of  electronic  equip- 
ment. 

The  book  consists  of  a collection 
of  successful  case  histories  of  de- 
signs of  over  100  plastic  parts  of  all 
kinds.  Each  application  described 
is  covered  from  all  standpoints.  In 
fact,  the  treatment  is  such  that  the 
specific  application  is  merely  a peg 
on  which  to  hang  a discussion  of 
the  whys  and  wherefores  of  appli- 
cations of  plastics  in  various  fields 
or  for  various  purposes.  In  this 
respect  the  book  is  unique  in  indus- 
trial publishing. 

Many  of  the  case  histories  are  of 
direct  interest  to  the  electronics 
field,  particularly  in  view  of  their 
background  discussions.  These  in- 
clude circuit-breaker  handle,  cold- 
molded  heater  plug,  standoff  insu- 
lator, radio  cabinets,  electrical  con- 
troller, radio-tube  base,  fence-con- 
trol housing,  microswitch,  cable  in- 
sulation, molded  capacitor,  ignition 
distributor  head,  name  plates,  non- 
metallic  gears,  double  injection 
molding,  coaxial  cable,  heat-resist- 
ant styrene  thermoplastic,  styrene 
elastomer,  thermosetting  copolymer 
. and  silicone  resins. 

I An  introduction  describes  briefly 


LMJ  means  oo...  j 
Selenium  Conversion  and 
Selenium  Control.  SC  , 
Type  "K”  Selenium  Recti- 
fier is  especially  designed 
to  pass  the  100-hour  salt 
spray  test  at  50°  Centi-^ 
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grade.  Again  proving  that 
DC  means  SC... Selenium 
Conversion  and  Selenium 
Control.  If  you  use  DC 
. . . get  the  facts  on  SC. 
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RADIO 

TEST  ENGINEERS 
TECHNICIANS 
REPAIRMEN 

New  York  Location 

For  Interview 
Apply  or  Write 

Hudson  American  Corp. 

34  West  47th  Street 

5 Hi  Floor 

New  York,  New  York 


HIGH  SENSITIVITY  RESISTORS 
For  Instruments  : Recording  Systems 

th^UfiTr?tFLI|G^,T  H‘^  Sensitivity  Resistor.. 
It.,  “,1  ol  tho,r  klnd  ever  built  in  the 
Un»«ed  States,  have  been  designed  to  pro- 
v ' duc®  ,rom  a low  torque  rotational  move- 

|P  II  1H  a var»able  electric  resistance.  These 

3 I)  S resistors  can  be  connected  directly  to  sensi- 

|'sw'1l*  I ,v*  iorque  apparatus  such  as  air- 

CSjr  v I "a.11  ™qht  Test  recording  instrument., 

J L X will  operate  relays  or  recording  sys 

trmn  V?c_use  ol  otnplifiers,  and 

■ tBfc  ° *imple  D.  C.  source.  They  are  par- 

useful  in  laboratory  or  industrial 
V -lie  applications  where  photo-electric  cell  and 

K7.4SH  ampliher.  were  heretolore  reguired 

V ■ Ti  lSmT-fl,  * types  irom  100  to 

pi  and  ,rom  4 10  is  watts,  AUTO- 

A 3 ■,,Tr‘  require  but  2 gram  milli- 

I ?ht.  ? ‘ P“  , tor<lue  overcome  Inction. 
« This  low  value  is  secured  by  use  of  a 
lewel  supported  shaft,  the  contact  mech- 
anism being  made  with  the  accuracy  of  a 
line  watch.  The  accuracy  of  AUTOFLIGHT 
High  Sensitivity  Resistors  make,  them  an 
ouis'a"d;"?„  product  in  their  line. 
adv^TOFLI-?iH1i  S,  engineers  and  technical 
advisors  will  gladly  cooperate  with  you  on 
specific  problems  embodying  High  Sensi- 
hvity  Resistors.  Writ.  G.  M.  Giannini  4 
Company.  Inc.,  161  E.  California  Street 
Pasadena.  Calif.,  U.  S.  A.  ' 
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AUTOFLIGHT 


JOKES  SHIELDED  TYPE 
NWS  nil  SOCKETS 


tLow  loss  Plugs  and 
Sockets  suitable  for 
Uigh  frequency  cir- 
cuit** Ideal  for  an- 
tenna connections, 
photo-cell  work,  mi- 
crophone connec- 
ts £7  *7  /uPPlied 
in  1 and  2 contact 

t *YPes.  The  single 
contact  typo  can 
be  furnished  with 
W.  .290", 
or  Vi"  ferrule  for 
coble  entrance. 

« *nur'»d  nut  securely 

101  ioileu  unlle  together. 

bra“«dl«blynla,7..m*,al  Par'*  “•  of 

Mated  to  meet  Nary  epedfi- 

KX  BakeUte. 

Mg  fa  T~tn  7?  ‘n*°nnatt°11  Write 

1 __  Wpy  Of  catalog  No.  14. 


PERMANENT  MAGNETS 

‘ ''N\  Shapes  — All  Sizes  — for  All  Purposes 

Mm  “ COBALT-CHROME-TUNGSTEN 

* jjjl |j  | Stamped,  formed  and  cast 

A LJW  a i n i c o 

IP  * ° y Also:  Laminations  for  Radio  Transformers 

XtMTAlS  TOOLS -DIES -STAMPINGS 

^"//////  Heat  Treating  of  Metals  and  Alloys 

THOMAS  & SKINNER  STEEl  PRODUCTS 

^ ^ COMPANY 

1116  EAST  23  R D STREET  • INDIANAPOLIS  5,  INDIANA 


jP||  SPECIAL  PURPOSE 
Electronic  and  Mechanical 

TEST  EQUIPMENT 

For  aircraft  electrical  and  mechanical  instruments  . . . air- 
craft controls,  radar,  meteorological  stations,  and  similar 
devices.  Built  to  specifications  and  designs.  Inquiry 
invited. 


NORTHERN  COMMUNICATIONS  MANUFACTURING  CO. 


s Junes  compflnull 2,0  EAST  40lh  STKEET  new  york  ic>,  n.  v. 

''ll  Mtmiifncturers  of  Transformers  • Special  Coils  • Reactors  • Sound  S> stems 
^ CHICAGO  18  ||  Recorders  • Equalisers  • Full  Range  Phonograph  • Coaxial  Trnnsrnissiini  Lines 


STOP  VIBRATION 
GREMLINS  WITH 

BIRTCHER 

STAINLESS  STEEL  - LOCKING  TYPE 

TUBE 

CLAMPS 


THE  BIRTCHER  CORPORATION 

Manufacturers  of  AIRCRAFT 
and  RADIO  PARTS 

LOS  ANGELES  32 


5087  HUNTINGTON  DR. 


the  various  plastic  materials,  meth- 
ods of  forming,  comparative  prop- 
erties, important  design  considera- 
tions and  cost  factors.  Both  of  the 
authors  have  given  plastics  a good 
part  of  their  attention  for  many 
years  and  are  well-known  in  this 
field.  The  book  reflects  their  wide 
interests  and  activities.  It  should 
be  a valuable  aid  to  any  engineer 
who  is  interested  in  plasties.  K.s.P. 


MinicMite  Radioi 

.★ Star, 


DOUBLE  CHICK  SYSTEM 

#JE-IG — Miniature  wcW 
wiring  plug  for  accurdi 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cest  of 


Production-Line  Technique 

By  Richard  Muther.  McGraw-Hill  j 
Book  Co.,  330  W.  42nd  St.,  New  York  I 
18,  N.  Y.,  1944,  320  pages,  $3.50. 

The  necessity  for  turning  out 
large  quantities  of  precision  equip- 
ment at  a fast  rate  for  the  armed 
services  forced  many  companies  to 
turn  to  line  production  from  job- 
lot  manufacture.  The  success  of 
this  change  has  been  apparent  for 
some  time,  although  at  the  start  it 
was  doubtful  whether  or  not  many 
types  of  equipment  could  be  pro- 
duced in  this  way. 

There  are  certain  fundamentals 
common  to  all  production-line  meth- 
ods. If  these  fundamentals  are 
thoroughly  understood  there  should 
be  little  difficulty  in  applying  such 
methods  wherever  they  can  eco- 
nomically be  used.  This  book,  then, 
was  written  expressly  for  indus- 
trial executives  who  are  consider- 
ing the  use  of  line  production.  It 
pictures  the  current  state  of  this 
art  as  found  in  well-established  or- 
ganizations after  a two-year  study 
to  gain  first-hand  information.  In 
particular,  the  book  was  written 
for  medium-sized  plants,  which 
have  always  been  the  accepted  do- 
main of  job-lot  manufacture. 

Four  general  sections  are  pro- 
vided— advantages  and  limitations 
of  line  production,  establishing  the 
line,  operating  the  line  and  diversi- 
fication in  line  production.  A chap- 
ter of  problems  is  included  to  help 
the  reader  become  familiar  with 
production-line  techniques. 

Manufacturers 


#JE  - 12  — (Hardened  ,<■. 

JE-13  ( Stainless 

insert)  Miniature  tube 

p i n straightener  to  - 

obtain  a perfect  fit 
when  the  tube  is 
placed  in  the  set. 

For  complete  Information 
and  prices — write 

RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

York  4,  N.  Y. 


147  Cedar  St..  New 


Where  vibration  is  a problem, 
Birtcher  Locking  TUBE  CLAMPS  offer 
a foolproof,  practical  solution.  For 
ALL  types  of  tubes  and  similar  plug- 
in components. 

83  VARIATIONS 


OVER  TWO  MILLION  IN  USE 
Send  for  our  standard  catalog  and 
samples  of  corrosion-proof  Birtcher 
Tube  Clamps. 


of  electronic 
equipment  all  the  way  from  simple 
parts  to  complicated  assemblies 
could  make  good  use  of  this  book  by 
studying  it  to  determine  whether 
or  not  their  products  are  applicable 
to  line  production.  The  final  answer 
may  not  always  be  readily  appar- 
ent, but  if  the  book  stimulates 
thinking  along  the  proper  lines  it 
will  have  served  its  purpose. — k.s.p. 


C 0 R P 0 R a 1 

5240  HUNTINGTON, 


LOS  ANGELES  32,  CALIF. 


electronics 


Capacitors 


TO  >1  EKT 

ELECTRONIC 

HKIinitKMKXTS 


We  are  completely  equipped 
for  volume  production.  Write  us 


concerning  your  requirements. 


DONGAN  ELECTRIC  MFG.  CO. 


2977  Franklin 


Detroit  7.  Mich 


Illinois 

CONDENSER  COMPANY 

1140  N.  HOWE  ST.  • CHICAGO  10,  111. 
Manufacturers  of  Oil,  Paper 
and  ileitrolytit  Capacitors 


The  Dongan  Line  We  Invite 
Since  Nineteen-Nine  Inquiries 


Precision  engineered  for  electronic  requirements 

Quadriga  Quality  Washers 

Special,  Flat,  Tension  and  Spring,  Formed  and  Drawn,  Cupped 
and  Finishing,  Wire  Terminals,  etc.  Any  quantity.  Prompt 
delivery.  Also  SMALL  STAMPINGS,  any  design.  Send  speci- 
fications for  quotations. 

Ask  for  Quadriga  Catalog  fSSEXj ESagf 


Men  with  substantial  ex- 
perience wanted,  pre- 
ferably those  having  De- 
crees in  Electrical  or 
Communications  Engi- 
neering. Write,  giving 
etails  of  experience 
an<J  salary  expected,  to: 

FREED  radio 
CORPORATION 

the  Famous  Freed - 
emon"  *°dio.Phonograph 

200  H«dson  Street 
_ NEW  YORK  13,  N.  Y. 


Photos  show  samples  of  Quadriga  superiority.  / V 

Tables,  data,  valuable  Information.  Wire  or  write.  / | 

THE  QUADRIGA  MANUFACTURING  CO. 

Incorporated  1894.  "Half  a century" 

221A  West  Grand  Ave.,  Chicago  10,  III. 


Test  Insulation  the  Modern  Way  # 1 

with  a MODEL  B-5  / 

MEGOHMER  / 


NEW  BATTERY-VIBRATOR  TYPE 

No  more  tiresome  cranking  of  a band-driven 
generator  . i.  . Entirely  self-contained,  steady 
test  potential  of  500  volts  DC,  available  at  the 
touch  of  a switch.  Direct  reading  in  insulation 


VARIOUS  NEW  MODELS 
AND  RANGES 


WRITE  FOR  BULLETIN  No.  430E 


Digitized  by ' 


CHICAG°  * III, NO, S 


Backtalk 


This  department  is  oper- 
ated as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 

which  ELECTRONICS 
has  published 


Dangerous  Art 

Dear  Mr.  Henney: 

I read  Electronics  pretty  carefully, 
including  the  advertisements  which 
are  a great  source  of  information. 
Two  recent  full-page  advertise- 
ments by  commercial  organizations 
have  set  me  thinking  about  safety. 
We  are  all  safety  conscious,  and  I 
am  especially  so  since  our  labora- 
tories here  necessarily  must  be  as 
safe  as  possible.  Of  course,  some 
risk  is  inevitable. 

But  to  get  on:  In  one  ad,  the 
caption  reads  that  the  specialist  is 
giving  a capacitor  a thorough  . . 
voltage  and  capacitance  checking.” 
With  his  right  hand  the  operator 
practically  touches  the  hot  side  of 
a transmitting  capacitor  presum- 
ably being  tested  at  several  thou- 
sand volts;  with  the  left  hand  he 
applies  the  power  to  the  circuit!  A 
perfect  arrangement  for  a serious 
accident. 

The  photograph  of  the  testing  of 
a vacuum  capacitor  in  another  is- 
sue is  a second  case  in  point.  From 
the  sphere-gap  it  is  evident  that  the 
capacitor  is  being  tested  at  a rather 
high  voltage;  one  hand  of  the  op- 
erator is  on  the  hot  circuit  and  the 
other  on  the  power  switch. 

I feel  that  these  examples  of  un- 
safe testing  methods  represent  a 
low  order  of  engineering  and  should 
not  be  given  the  widespread  pub- 
licity which  their  publication  in 
Electronics  will  ensure. 

P.  M.  Honnell 
Lieut.  Colonel,  S.C. 


With  a SM  motor,  you  get 
a unit  designed  for  a speci- 
^ fic  job,  engineered  to  your 
/ exact  performance  require* 

. ments,  precision-built  to 

your  specifications,  produced  in  volume 
for  your  needs.  SM  fractional  H.P. 
motors  are  made  to  order  with  speed* 
from  3,500  to  20,000  R.P.M.  — l/1#,h 
to  1 /200th  H.P. — voltage  from  6 to 
220  AC-DC.  Illustrated  is  the  famous 
SM-2  Blower  Motor;  many  thousands 
have  been  made  for  military  purpose*- 
Other  SM  motors  have  been  designed 
and  produced  in  large  volume  for  8 
wide  variety  of  radio,  aircraft  and  other 
applications  where  rugged  power,  stain 
ina,  long  life  and  dependable  perforin 
ance  were  primary  requisites.  What  are 
your  requirements? 


Remember  the  old  licit  iron? 
It  did  its  job.  of  course;  but 
just  compare  it  with  the  mod- 
ern electric  iron  which  has 
been  brought  to  its  present 
high  level  of  utility  by  careful 
application  of  design. 

Here  at  THE  WARD  PRODUCTS 
CORPORATION,  design  is  one 
of  the  most  carefully  consid- 
ered factors  in  the  manufac- 
ture of  antennas.  It  is  only 
through  superior  design  that 
durability,  styling  and  the 
benefits  of  superior  produc- 
tion can  be  best  brought  to 
the  user.  For  the  finest  an- 
tennas for  all  applications  - 
lor  home  and  automobile  use 
-look  to  WARD. 

Back  Again  . . . Soon 
WARD  Aorialt 

••World's  Finest  for  Car  and  Homo" 


n . . O-I-C  of  Laboratories 

Dep!i  °J  Chemistry  and  Electricity 
United  States  Military  Academy 
IVett  Point,  A'.  Y. 


About  the  Format 

Dear  Sirs: 

On  receiving  my  November  1944 
issue  of  your  publication  I was  as- 
tonished and  delighted  to  find  that 
you  had  led  the  way  back  to  com- 
mon sense  in  the  arrangement  of 


Manufacturers  of  special  small  , 

universal,  fractional  H.  P.  motors,  dynomotors,  * 
pole  motors,  heater  motors,  generators. 

• Production 


XjtiSR'  RUT  WAR  RONDS 

THE  WARD  PRODUCTS  C0RP0I 
ISIS  EAST  4STH  STREET  . CLEVEtAHI 


Design  • Engineering 


ELECTRON1# 
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se-ser  at*i 


" Jntrodvcing^he 

NEW  TRIPLE™  LINE 

MUinUin  ««»  IHSTRtlW'HTS 


All  the  features  of  standard  instruments 
retained.  Withstand  submersion  tests 
at  30  feet.  Comply  with  thermal  shock, 
pressure  and  vibration  tests.  Resistant 
to  corrosion.  Conform  c/ 

to  S.C.  No.  71-3159  and  CASE 

A.W.S.  C-39.2-1944spe-  1,^ 

cifications.  IK".  2 K" 
and  3K"  metal  cases  r0^,nL 

with  1/16"  thick  walls. 
in  standard  ranges.  D.C. 
moving  coil,  A.C.  mov- 
ing iron  and  thermo-  (o>JQ- 

couple  types.  Write  for  j jh 

circular.  / 


Tr 


SCREW-ON 

BEZEL 


ELECTRICAL  INSTRUMENT  CO.  bluff-ton.  qhiq 


HYDROGEN 
NITROGEN-OXYGEN 


ARGON .neon 

HELIUM  KRYPTON 
XENON 


COMPLETE 
GAS  PRODUCTION 

FORMING  MIXTURES 
CARBON  DIOXIDE 

PLANTS  INSTALLED 

acetylene 

FOR  LOWEST  COST 

HIGHEST  QUALITIES  • ANY  QUANTITY^ 

J I 

OPERATION  . . ■ 

delivered  anywhere 

AMERICAN  GAS  & CHEMICAL  CO. 

HARRISON,  NEW  JERSEY  • Contracted  Complete  Service  on 


as  a source  of  pre- 

cision-made 

WASHERS  and 
STAMPINGS 
manufactured  . to 


CUP  WASHERS  your  specifications, 
for  Binding  Screws 

jML  whitehead  STAMPING  CO. 

mSm  1691  W.  Lafayette  Blvd.  Detroit  Michigan 
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RADIAL  CONE 

SPEAKER 

PROJECTORS 


Tha  Modal  nr  12  lllultrotod  and  the 
similar,  but  smallor  (IT  t art  axpnssly 
dorignod  for  Hio  high  qualify  reproduc- 
tion of  music.  Tholr  oxduslvo  Inllnitu 
baMo  design  provides  excellent  low 
frequoncy  response.  All  tendency 
'towards  mechanical  resonance  or  rattle 
Is  eliminated  through  skillful  engineer- 
ing end  rubber  rim  damping.  Uniform 
sound  dispersion  is  attained  through 
radius  of  360*,  without  concentration 
of  sound  directly  beneath  the  speaker. 
UNIVERSITY  radial  cone  prelectors  are 
pleasing  in  appearance,  compact  and 
completely  "water-sheddlng".  Continu- 
ous outdoor  exposure  Is  permissible, 
ft  ftp  12  and  RBh  ft  are  Ideal  for  all 
Indoor  and  outdoor  Installations  where 
the  advantages  ef  a centralised  sound 
source  are  desired. 

Write  today  for  complete  Information 
on  this  all-inclusive  line  ef  speaker 
and  driver  units. 


tating  need  to  chase  the  tail  ends 
through  endless  hide-outs  in  the 
back  pages. 

The  fashion  of  insulting  the  au- 
thors of  the  articles  and  the  read- 
ers thereof  is  very  widespread  in 
American  technical  and  trade  jour- 
nals and  causes  constant  irritation 
to  those  who  are  interested  enough 
to  pursue  the  elusive  “rest  of  the 
article.”  Apart  from  this  it  is  also 
self-derogatory,  as  if  the  editors 
said  actually  “This  is  the  only  part 
worth  reading;  if  you  must  read 
the  rest,  sort  it  out  for  your  self — 
it’s  somewhere  in  the  back  of  the 
number.”  Then  begins  the  school- 
boy prank  “Turn  to  page  163”  etc., 
etc.  ad  nauseum. 

You  have  shown  now  that  the 
articles  can  be  arranged  in  intelli- 
gent consecutive  fashion,  at  the  ex- 
pense of  a little  thought  (and  pos- 
sibly some  sub-editing)  and  I am 
sure  the  majority  of  your  readers 
will  appreciate  the  compliment  as 
much  as  I do. 

For  those  of  us  who  endeavor  to 
maintain  flies  of  reference  for  par- 
ticular subjects,  the  added  simplic- 
ity saves  a lot  of  cross  referencing 
between  flies  to  indicate  the  where- 
abouts of  a page  containing  the  tag- 
ends  of  two  or  more  articles  on  sep- 
arate subjects.  In  some  cases  this 
involves  typing  the  rest  of  an  ar- 
ticle to  complete  the  file  record. 

I offer  my  sincere  thanks  for  the 
saving  of  time  and  patience,  and 
the  added  pleasure  of  reading  the 
subject  matter. 

V.  Harding 

Wing  Commander  j 
Technical  Branch 


UNIVERSITY 
LABORATORIES 


Royal  Australian  Air  Force 


225  VARICK  STREET 
NEW  YORK  1 4,  N.  Y. 


Professional 

Services 


Research  Production 

Design  Management 

Development  Sales 

Publications 


ASSOCIATED  ELECTRONICS 

JiWkOA  T\r\K\  CONSULTING 

CORPORATION  bnoinbbrs 

Compute  Enfineering  Service 

research  production 

nRai«NPMENT  publications 

132  Street,  IjTmrilwVci 

231  Keereey  Street.  Set,  FreeeUce.  I.  <-«_ 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 

INDUSTRIAL  ELECTRONICS 
6S00-1B — 27th  Ave. 

Kenosha,  Wla.  Tetepb...  »-«» 


ELECTRONIC  ENGINEERS 

Designers  and  c . 

Design  for  Manufacture — 

^Sducts  deeded  to 

Engineering  models  Produ**™  problems 
Consulting — Badio  and  ■ ^*£0^  u&rator* 
Complete  Development  »nd  Reeeoren*-* 

Branch  Office  Near  ojSaU,  CftlH*"11 
611  E.  Garfield  Ave.  eienoai*.  _ 


DON  FOSTER 

Engineering  Consultant 
Socialist  in 

„U  Bound  and  Electron**  Dm!o!»«“ 
30  Bunin  Ave..  Wyoming  »•  om 


PAUL  E.  GERST  & CO. 

CONSULTING  ENGINEERS 


El.  Machinery.  Apparatus ; * „ Apparatlu 
ra- 

r.  to  Wonkor  Hr  WU  


Cathode  Followers 

Dear  Mr.  Skeeters: 

According  to  your  last  letter, 
(Electronics,  May  1946)  I see 
that  you  are  misinterpreting  the 
end  results  of  my  article  in  the 
October  1944  issue,  entitled  Cath- 
ode Follower  Calculations. 

If  you  will  study  the  article  care- 
fully you  will  notice  that  there  are 
two  impedances  mentioned;  one  is 
the  output  impedance,  Z out,  equa- 
tions 8 and  9,  and  the  other  is  the 
internal  impedance  of  the  cathode 
follower,  Z„  equations  10  and  11. 
The  former  is  the  parallel  combin- 
ation of  JZ,  (the  cathode  resistor) 
and  Z.  (the  internal  impedance). 

Therefore,  as  you  can  see,  the 


3105  W.  W Acker  Dr. 


JOSEPH  RAZEK.  Ph.D- 

Consulting  pmMbm 

trlcal  and  MevLanlcalEn^necrlns^^^^ 
rnnuink  and  Control  Devices  and 


READER  MAY  CONTACT 


the  consultant!  whoso  cards  aPP**[,  , 
this  pags  with  tha  eonfidsnea  I"**1 
by  ths  offering  of  thaw  «Pac'a  *#rvl 
NATIONALLY.  _ 


HODGSON  & ASSOCIATES 

Physics,  Mathematics,  Research,  D«v 
meat  A Patent  Consultants- 

Satisfaction  guaranteed.  Submit  y°ur  p 

for  a preliminary  survey  without  cost. 

BOX  374  ™ 


Electrical  and  Mechanical  En^necnng^^^^ 

Instruments  and  Control  Dcrtoes  ^ and 

Specialists  In  Colorimetry.  Spect0P“° 

Industrial  Color  Control 
Laboratory  and  Shop  KariHti«n ^ ?u 

202  Darby  Road  

Phone  Hilltop  


July  194S-  ELECTRONICS 
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ENGINEERS  WANTED 

• • 

Here's  an  opportunity  to  join  one 
oi  America's  largest  manufacturers 
oi  electronic  and  communications 
equipment. 

Radio 

‘Electrical 

Electronic 

Industrial 

(Job  evaluation) 

‘Mechanical 
•Factory  Planning 
Materials  Handling 
Manufacturing  Planning 

Work  in  connection  with  the  manufacture 
ol  a wide  variety  oi  new  and  advanced 
type*  of  communications  equipment  and 
•pedal  electronic  products. 

Write  (Msg  full  qualification, 
or  apply  ft: 

*.  L D..  EMPLOYMENT  OEPT. 

Western  Electric  Co. 

100  CENTEAL  AV.  KEARNY.  N.  J. 

•AI«o:  C.  A.  L. 

**•  Haverhill,  Matt. 

Applicant,  mml  comply  with  WMC  regulations 


REGULATED  POWER  SUPPLY 

230-430  VOLTS 

Wide  fields  of  application  have  been  opened  up  both  in 


[ \ research  and  industry  for  this  unit.  A-C  ripple  is  negligiblt 

and  extreme  care  has  been  taken  to  eliminate  high-fre- 
quency noise.  Regulated  power  supply  units  are  invaluable  for 
such  applications  as  amplifiers,  television  pulse  generators, 
constant  frequency  oscillators,  and  measuring  equipment. 

Other  G-E  regulated  power-supplies  are  available  in  the  follow- 
ing ranges:  180-300  volts  160-1500  volts  Dual  Regulated 

Write  today  : Electronics  Department,  Specialty  Division, 
General  Electric,  Syracuse,  N.  Y. 


GENERAL  ® ELECTRIC 


Electronic  Measuring  Instruments 


0 

£ 


Again,  when  the  war  is 
won,  we  will  be  on  call 

• • To  DESIGN,  DEVELOP 
ond  MANUFACTURE  . . 

^i°  Receivers  and  Transmitters 
ndustrial  Electronic  Equipment 
,|IOrl  R°dio  Control  Equipment 
Mio  Telephone  Equipment 

immediate 

UiiliiiFii. 

CORPORATION 
ISLIP' L- 1.,  NEW  YORK 


^N'CS 


RADIO  CHASSIS 
PUNCH 


Saves  hours  of  work  cutting  clean, 
accurate  holes  in  radio  chassis — for  con- 
nectors  and  other  receptacles.  Simply 
insert  cap  screw  in  hole  to  be  enlarged 
(drill  small  hole  if  necessary),  turn  with 
ordinary  wrench  to  force  punch  through 
the  metal.  No  reaming  or  filing — hole 
is  smooth  and  clean.  No  distortion — 
die  supports  metal.  Ten  sizes  from  M" 
to  2H";  also  up  to  3 A"  for  meters.  Write 
for  free  catalog  33 E to  Greenlee  Tool 
Co.,1927Columbia  Ave.,  Rockford,  111. 


‘ft&uldJid 

RADIO. ..RADAR..  .SOUND 
COMMUNICATIONS  . . . TELEVISION 


THE  RAULAND  CORPORATION 
CHICAGO  41,  ILLINOIS 


...  is  the  RAULAND 
word  for  the  finest 
in  electronics  from 
research  through 
engineering  to  the 
finished  product. 
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NOZZLE  TESTER 

Keep*  Diesel  Engine* 
Running  Efficiently 

To  keep  diesel  engines  operating  at 
peak  efficiency,  this  portable,  preci- 
sion-built Adeco  Nozzle  Tester  is  in- 
dispensable. 

Light  in  weight  yet  built  for  heavy- 
duty  service,  it  enables  any  mechanic 
to  make  quick  accurate  tests  on  in- 
jector opening  pressure,  spray  pattern, 
etc.,  and  detect  stuck  needle  valves 
! and  leakage  around  valve  seats.  Tests 
both  large  and  small  injectors,  on 
bench  or  engine,  at  pressures  up  to 
10,000  p.s.i.  Prevents  costly  delays 
and  possible  damage  to  engine. 

Ideal  for  test-  A 

ing  hydraulic  ■■L 

devices.  |L  j 


Write  for  bulletin 
on  this  practical , 
lou>~co»t  unit. 


•2. 


rtsrs  run  inj(ctor^ 
WasHJp"4UUc  «- 


AIRCRAFT  & DIESEL 
EQUIPMENT  CORP. 


DEPT.  16:  4411  N.  RAVENSWOOD  AVE. 

CHICAGO  40,  ILLINOIS 


effect  of  the  cathode  resistor  is  not 
neglected  in  the  solution  for  the 
output  impedance,  and  the  only  as- 
sumption made  is  that  ft  is  very 
much  larger  than  1. 

Humbert  P.  Pacini 

Wanamassa,  N.  J. 


Accentuate  the  Positive 

Dear  Sirs: 

There  is  an  error  in  Fig.  5 on  page 
143  of  the  May  1945  issue.  The 
large  circle  represents  maximum 
voltage  across  C,  instead  of  mini- 
mum voltage  across  C,.  Although 
this  is  rather  obvious  from  the  text, 
I thought  you  would  like  it  called 
to  your  attention. 

W.  B.  Beuene 

Colling  Radio  Co. 
Cedar  Rapids , Iowa 


Interim  report  shows  status  of  Bell 
Telephone  coaxlalixation  program  in 
map  above  where  heavy  solid  line  rep- 
resents cable  installed  or  in  process  up 
to  the  end  of  1945.  dotted  line  shows 
remainder  of  5-year  program  and  fine 
solid  line  marks  existing  major  toll 
lines  of  the  system.  The  end  of  1945  is 
•xpected  to  see  2000  miles  of  the  cable 
(as  shown  below  in  full  flower)  manu- 
factured, and  at  least  75  percent  of  it 
in  the  ground 


SEARCHLIGHT  SECTION 


POSITIONS  VACANT 


WANTED  — ELECTRICAL  Engineers 
engineer,  products  engineer,  develo 
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LONGER  LIFE  . • . 

. . . since  the  life  of  a tube 
is  influenced  by  the  equip- 
ment in  which  it  is  used,  as 
well  as  by  the  inherent  char- 
acteristics of  the  tube  itself, 
we  maintain  a Special  Engi- 
neering Application  Depart- 
ment which  constantly  applies 
our  tubes  in  actual  circuits, 
and  determines  which  condi- 
tions are  conducive  to  pro- 
longed life.  Their  findings  are 
freely  available  to  you. 


FIGURED  ... 

...  on  the  basis  of  the  hours  of  maxi® 
tube  life,  Amperex  tubes  are  by  :ar 
best  and  most  economical  “buy. 


nmPEREx 

performance  take 

The  Amperex  Special  Ap- 
plication  Engineering  De- 
partment, another  "Amper- 
extra,"  will  be  glad  to 
work  with  you  on  present 
or  postwar  problems. 

— .1— ' — 
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LOWER  MAIN- 
TENANCE COST . . . 

. . . Amperex  tubes  offer 
more  value  per  dollar  in- 
vested. Down,  time  is  no- 
ticeably decreased,  number 
of  replacements  minimized, 
overall  costs  reduced. 


Amperex  Type  575-A  Mer- 
cury Vapor  Rectifier.  Fila- 
ment AC  voltage,  5.0  volts. 
Filament  current,  10.0  am- 
peres. Preheating  period, 
before  plate  voltage  is  ap- 
plied, SO  seconds.  $30.00,  list 
price. 
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Amperex  Type  889-R 

Tube.  Filament  voltage,  11  volte. 

meat  current,  1S5  amperes.  AW" 

tion  factor,  £1.  Direct  mtereUct^ 

pacitance:  Grid  to  plate’ 
to  filament,  19.5  yyf : Plate  to  files 
£.5  m if.  ££60.00.  list  price. 


MPEREX  TOMS... 

. for  induction  heating  *Pj^J 
nge  from  small  50  watt  tyP« 
>ys”  of  100,000  watte.  Many  o 
L types  are  now  available  ^ 
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►RADAR  . . . Partial  lifting  of  the  blackout  regard- 
ing radar — probably  the  war’s  greatest  development — 
reveals  that  the  fundamental  principles  and  much  of 
the  detail  are  what  any  well-equipped  engineer  would 
dope  out  for  himself.  Two  natural  phenomena  underlie 
all  radar  apparatus  (1)  Radio  waves  travel  at  a finite 
velocity  of  approximately  1000  feet  per  microsecond, 
(2)  Radio  waves  striking  a conductor  or  semiconduc- 
tor cause  currents  to  flow  in  that  conductor  and  these 
currents  cause  a re-radiation  of  energy  some  of  which, 
in  the  form  of  an  echo,  returns  to  the  radar  site.  Add 
to  these  phenomena  the  ability  of  engineers  to  direct 
radio  energy  in  sharp  beams,  their  penchant  for 
producing  enormous  degrees  of  voltage  amplification, 
und  elegant  methods  of  measuring  time  to  fractions 
of  a microsecond,  and  you  have  radar. 

In  practice,  high-powered  (hundreds  and  even 
ousands  of  kilowatts)  pulses  of  energy  are  sprayed 
“vcr  chosen  sectors  of  space  surrounding  the  radar 
ransmitter.  At  the  time  the  pulse  is  sent  out,  a 
stream  of  electrons  starts  to  move  across,  or  around, 
or  111 80Ine  other  direction  over  the  screen  of  a cathode- 
vsy  tube.  When  the  echo  returns,  a deflection  of  this 
of  electrons  indicates  the  time  of  arrival  by  the 

• , 'displacement  of  a pip  from  the  start  of  the 

impulse. 


n®  range>  early  warning,  radars  must  perforc* 
the  r j °^a'r'y  *ong  waves,  100  megacycles  or  so,  anc 
secur*  structures  are  correspondingly  large  t< 
operat  y directive  beams.  Short  range  sets  car 
and  th  °n  t*16  microwaves  (thousands  of  megacycles) 

direction!!8  T be  VMy  and  8tiI1  quit< 

and  vet  * • entlre  equipment  can  be  compact 
that  ev  8Uffici*ntly  Powerful  during  the  pulse  time  sc 
active  service  6 Un'tS  Can  per^orm  magnificently  ir 

*f  ulanf  *be  comPare<i  to  older  acoustic  methods 
^transit  6 e?*10n  'n  following  manner.  The  time 
multiDk°Uf  kt)  tbe  *arget  anci  back,  is  some  fractior 
► the  oUi°  v *ee*'  per  Tn'crosecond,  approximately 
of  iiftfi  r1’  30un<i  waves  travel  in  air  at  the 
feet  per  second.  Radar  will  detect  £ 


plane  as  far  off  as  100  miles.  Acoustic  methods  are 
doing  pretty  well  if  they  detect  a plane  at,  say,  25 
miles.  At  1100  feet  per  second,  the  sound  from  the 
plane  will  arrive  at  the  detector  site  in  about  2 min- 
utes. The  detector,  therefore,  tells  the  operator  not 
where  the  plane  is  but  where  it  has  been.  In  the  time 
required  for  the  sound  of  the  plane  to  reach  the 
detector,  a 360-mph  plane  will  have  cut  in  half  its 
distance  when  it  was  detected. 

Acoustic  methods  are  virtually  outmoded  by  the 
increased  speed  with  which  planes  travel. 

The  radar  principles— -accurate  measurement  of 
time,  pulse  transmission,  high  directivity — may  be 
used  for  purposes  other  than  the  location  of  targets  in 
the  air  or  on  the  surface  of  the  land  or  sea.  But  these 
other  uses  remain  behind  the  veil  of  military  secrecy. 
Some  of  the  applications  are  exceedingly  interesting 
and  effective  in  weapons  of  war  and  will  go  a long  way 
toward  justifying  the  belief  that  the  peacetime  age 
to  come  will  really  be  electronic. 


► TUBES  ...  To  an  extent  few  of  us  realise,  this 
scientific  war  we  are  waging  depends  upon  vacuum 
tubes.  One  of  the  remarkable  aspects  of  this  fact  is 
that  millions  and  millions  of  tubes  are  serving  under 
conditions  for  which  they  were  not  designed  or  manu- 
factured. These  millions  of  tubes  are  ordinary  receiv- 
ing tubes  selling  for  a dollar  or  less  in  the  home  mar- 
ket. Designed  for  sedentary  jobs,  they  now  serve  in 
tanks,  on  man’s  back,  in  submarines,  on  warships,  in 
planes  and  in  other  places  where  the  rigors  of 
shock,  vibration,  temperature  or  electrical  overload 
must  cause  the  tubes  to  wonder  how  they  ever  got 
into  such  situations. 

For  years  industrial  engineers  were  skeptical  about 
electronic  apparatus  because  the  tubes  were  too  fra- 
gile. Wartime  experience  indicates  that  tubes  do 
stand  up  when  the  apparatus  in  which  they  work  is 
properly  shock-mounted.  In  industrial  plants,  a rou- 
tine of  testing  and  replacing  tubes  on  regular  schedule 
— before  trouble  occurs — should  eliminate  all  diffi- 
culties from  fragility. 
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SURPLUS  EQUIPMENT 


The  government  has  set  up  machinery  by  which  military  radio  and  other  electronic 
equipment  may  be  marketed  through  regular  trade  channels  by  manufacturers.  Details 
of  the  plan  are  given  here,  together  with  the  latest  news  relative  to  its  operation 


Surplus  radio  and  electronic  By  G.  T.  MONTGOMERY 
equipment  is  already  moving  w a thing  ton  suitor 

into  the  market  in  sufficient  quanti- 
ties to  indicate  the  policy  that  the  to  give  maximum  advantages  to 
government  intends  to  pursue  in  both  government  and  industry, 
such  disposals.  Every  effort  will  be  made  to 

Under  the  provisions  of  the  Sur-  stabilize  the  price  structure,  which 
plus  Property  Act  of  1944,  the  Re-  means  no  dumping  of  surpluses  on 
construction  Finance  Corporation  the  market  and  no  harmful  bar- 
is  responsible  for  the  disposal  of  gains.  Surplus  must  move  through 
capital  and  producer  goods,  which  legitimate  channels  at  legitimate 
will  take  in  the  bulk  of  electronic  market  prices.  When  the  equipment 
surpluses.*  This  agency,  with  one  of  has  little  or  no  market  value,  RFC 
its  subsidiary  corporations,  the  De-  plans  to  pursue  a bold  policy  of 
fense  Supplies  Corporation,  intends  scrapping  it.  Unless  there  is  some 
to  work  closely  with  manufacturers  definite  use  in  mind,  material  will 
rather  than  to  conduct  sales  on  an  not  be  stored  with  the  hope  that 
“as  is,  where  is”  basis.  It  believes  someday  a use  will  be  found  for  it. 
that  the  unloading  of  surplus  For  example,  such  will  be  the  case 
should  be  a jointly  sponsored  and  with  certain  parts  of  Signal  Corps 
jointly  conducted  program  in  order  high-frequency  electronic  equip- 
ment. 

•Department  of  Commerce  handles  surplus  Reports  of  surplus  radio  and  elec- 

™T“r"  g00d8'  whlch  lnclude8  h°m,i  rad‘°  tronic  equipment  and  components 


Display  ol  surplus  parts  and  complsts  units  at  a central  redistribution  point 


are  received  by  RFC  from  two  main 
sources : 

(1)  Depots  and  warehouses  of 
Owning  Agencies,  i.e.,  Army,  Nary, 
Maritime  Commission,  OSRD,  etc. 

(2)  Plants  of  contractors  whose 
contracts  have  been  terminated,  is 
which  event  the  Owning  Agencies 
have  taken  title  to  unused  material 
purchased  for  the  terminated  con- 
tract. 

Surplus  Equipment  Sources 

In  the  ease  of  surplus  located  in 
depots  and  warehouses,  a formal  re- 
port of  surplus  is  made  to  RFC.  On 
the  basis  of  this  report,  orders  are 
given  to  the  Owning  Agency  to 
ship  the  material  declared  surplus 

to  an  RFC  manufacturer-agent 
Simultaneously,  the  manufacturer- 
agent  is  notified  that  the  shipmen 
is  on  its  way. 

In  the  case  of  material  which  is 
excess  to  the  needs  of  a contractor 
whose  contract  has  been  ter 
minated,  RFC  is  notified  of  the  sur- 
plus inventory  as  soon  as  the  in- 
ventory has  been  compiled, 
structions  are  then  given  to  e 
Termination  Officer  to  have  the  ma 
terial  shipped  directly  from  e 
contractor’s  plant  to  an  RFC  menu 
facturer-agent.  The  formal  ec 
laration  of  surplus  is  made  upo 
the  basis  of  the  quantities  actually 

shipped.  , . 

A short  cut  has  been  effected  i 
the  procedure  for  shipment  of  e 
mination  inventories  by  bavin 
them  shipped  prior  to  ^orTn 
declaration  of  surplus,  thereby  e 
pediting  clearance  of  the  con  r 
tor’s  plant.  As  an  example,  w 
this  reporter  was  sitting 
office  of  an  RFC  official,  an  Army 
Termination  Officer  phoned  t a 
a certain  nlant  a large  eon  r 
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Military  electronic  equipment  is  modified 


in  a Defense  Supplies  Corporation  plant  to  meet  commercial  needs 
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inventory  which  he  is  holding  as 
agent  of  the  RFC.  He  acknowl- 
edges receipt  of  the  material  by 
signing  a copy  of  the  original  ship- 
ping order.  He  then  inspects  and 
tests  the  material  to  determine 
whether  it  is  suitable  for 


(a)  Filling  military  orders 

(b)  Filling  civilian  orders 

(c)  Repair  or  modification 

(d)  Scrap 


After  this  classification  has  been 
made,  he  lists  it  for  sale,  provided 
it  fails  in  Classes  (a)  or  (b).  If 

it  falls  in  Classes  (c)  or  (dj,  he  is 
requested  to  submit  to  RFC  his 
recommendation  as  to  whether  the 
material  should  be  reworked,  set- 
ting out  his  estimate  of  the  cost 
of  reworking  and  the  price  at 
which  it  can  be  sold  after  rework- 
ing. If  he  thinks  the  material 
should  be  scrapped,  he  is  required 
to  so  state  to  RFC  in  order  to  re- 
ceive formal  approval  for  physical 
scrapping. 


Material  of  a standard  nature, 
i.e.,  comparable  to  that  which  the 
manufacturer  normally  sells,  can 
be  sold  as  a part  of  his  regular 
stock.  In  fact,  under  the  Agency 
Agreement,  the  manufacturer 
agrees  that  when  filling  orders  he 
will  include  a certain  percentage 
of  the  surplus  stock  which  RFC 
is  asking  him  to  liquidate.  Thus, 
the  manufacturer  is  acting  as  an 
agent  of  the  government  on  a com- 
mission basis. 

In  the  case  of  a military  order, 
the  manufacturer  must  fill  the  or- 
der first  from  surplus  stock,  if  pos- 
sible. For  instance,  if  the  Signal 
Corps  ships  tubes  to  a tube  manu- 
facturer and  the  manufacturer  at 
some  later  date  gets  an  order  from 
the  Navy  for  these  same  tubes,  the 
manufacturer  must  use  the  surplus 
tubes  as  far  as  they  will  go  before 
he  starts  to  fill  the  order  from  his 
own  production.  To  give  a con- 
crete example,  one  manufacturer- 
agent  had  $96,000  worth  of  eapaci- 
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tors  shipped  to  him  as  surplus. 
Shortly  thereafter,  he  received  a 
military  order  for  $20,000  worth 
of  the  same  capacitors.  The  order 
had  to  be  filled  from  the  surplus 
stock. 


6>irariwi  oad  Prices 

Under  the  Agency  Agreement, 
the  manufacturer  is  permitted  to 
sell  surplus  material  with  the  same 
warranty  that  applies  in  his  com- 
mercial sales.  Hence  a purchaser 
knows  that  when  buying  surplus 
electronic  material  he  has  the  same 
assurance  as  in  any  other  pur- 
chases which  he  regularly  makes 
from  that  supplier. 

If  the  material  is  non-standard, 
the  manufacturer-agent  may  send 
out  a special  catalog  and  flyers  to 
his  customers,  listing  the  material 
which  he  has  to  offer.  Prices  on 
nonstandard  material  may  vary 
from  regularly  published  price 
lists.  It  is  necessary  for  the  manu- 
facturer to  recommend  prices 
which,  from  his  knowledge  of  the 
market  and  potential  uses,  will  rep- 
resent a fair  price  to  the  govern- 
ment and  to  the  customer.  All 
such  prices  are  subject  to  price 
approval  by  RFC. 

The  manufacturers  receive  the 
commission  provided  in  the  con- 
tract and  any  purchaser  makes 
his  normal  margin  of  profit,  with 
the  chance  of  profiteering  normally 
inherent  in  surplus  dealing  mini- 
mized. 

Although  minimum  quantities  of 
material  which  will  be  sent  to 
manufacturer-agents  have  been  es- 
tablished (based  on  the  economy  of 
handling),  often  relatively  small 
quantities  are  shipped  because  it 
is  felt  that  the  manufacturer-agent 
will  receive  comparable  items  from 
other  sources  and  by  combining  the 
various  small  quantities  he  may 
make  a regular  offering  of  the  com- 
bined total.  The  undesirable  alter- 
native would  be  to  offer  odd  lots  at 
give-away  prices. 

Many  Manufacturer!  Participating 

Defense  Supplies  Corporation, 
acting  for  RFC,  has  signed  over 
200  manufacturers  to  act  as  agents 
for  disposal  of  surplus.  What  hap- 
pens to  surplus  in  plants  where 
the  owners  have  not  signed  the 
Agency- Agreement? 
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Let  us  say  that  there  are  25 
manufacturers  of  a certain  com- 
ponent. Ten  manufacturers  are  in- 
terested in  handling  their  own  sur- 
plus, while  15  are  not.  An  effort 
is  made  by  DSC  to  get  one  of  the 
ten  to  take  over  the  other  manu- 
facturers’ surplus,  since  he  has  the 
proper  equipment  for  testing  it.  In 
case  none  of  the  ten  want  it,  the 
surplus,  if  useable,  is  turned  over 
to  a central  agent,  who  adds  such 
items  to  his  business.  (To  date,  15 
companies  have  agreed  to  take  end- 
equipment  and  component  parts 
other  than  their  own.) 

Some  manufacturers  want  to  be 
rid  of  surplus  so  they  can  get 
ready  for  postwar  competition  as 
soon  as  possible.  They  fear  that 
there  will  be  an  avalanche  of  a 
wide  variety  of  items  and  they  do 
not  want  it  on  their  shelves.  Others 
feel  that  their  normal  outlets  for 
peacetime  products  do  not  lend 
themselves  to  the  sale  of  special- 
ized products.  Still  others  are  too 
busy  with  war  work  to  enter  into 
a program  of  this  nature  at  this 
time,  but  plan  to  do  so  as  soon 
as  possible.  Regardless  of  the 
reason,  RFC  is  proceeding  with  its 
program  to  dispose  of  all  surplus 
electronic  items  under  the  plan 
described,  no  matter  who  the  manu- 
facturers may  have  been. 

The  Reconstruction  Finance  Cor- 
poration believes  that  a substantial 


percentage  of  the  electronic  equip-  ps 
ment  declared  surplus,  although  is 
originally  designed  for  military  irl 
purposes,  can  be  sold  by  mami- 
facturer-agents  without  modifies-  is 
tion.  In  all  instances  such  equip-  s: 
ment  must  be  repaired  and  missing 
parts  supplied.  Examples  of  equip- 
ment of  this  nature  are  aircraft 
transmitters  and  receivers  suitable 
for  commercial  operation,  vehicu- 
lar equipment  of  types  desired  for  - 
police  or  dispatching  purposes,  and 
small  marine  equipment.  A rela- 
tively small  quantity  of  such  equip- 
ment has  already  been  tested,  re- 
paired and  sold. 

Typ#!  of  Goar  Available 

There  will  obviously  also  be 
large  quantities  of  equipment  and 
components  which  were  desiped 
for  such  specialized  military  appli- 
cations that  no  commercial  outlet 
is  likely  to  be  found  for  them  in 
their  present  form.  In  these  in- 
stances engineering  surveys  bj 
manufacturer-agents  will  develop 
any  modifications  which  can  be  eco- 
nomically made  to  adapt  the  unite 
for  civilian  usage.  An  example  is 
the  redesign  and  modification  o 
interphone  equipment  previous  y 
used  in  Army  tanks.  The  presen 
redesign  involves  the  elimination  o 
the  microphone  and  the  headse 
which  are  not  at  present  avails  * 
in  surplus  stocks  and  the  subs  i 
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tution  of  a speaker  system  for  this 
purpose.  Testing  of  the  market 
has  disclosed  that  the  redesigned 

- unit  will  sell  at  a price  which  ex- 
ceeds the  best  “as  is”  sale  price 
by  substantially  more  than  the  cost 

r<  of  modification. 

Another  instance  of  desirable 
=:  modification  has  arisen  in  connec- 
■.  tion  with  the  declaration  by  the 
■ services  that  a very  large  quantity 
of  two  models  of  obsolete  Signal 
Corps  equipment  are  no  longer  re- 
'•  quired.  Because  of  the  bulk  of  the 
i equipment  and  the  tactical  purposes 
r.'  for  which  it  was  designed,  it  was 

- immediately  .apparent  that  it  could 
have  no  useful  civilian  application. 
However,  engineering  surveys  dis- 

* dosed,  especially  in  the  case  of  one 
. model,  that  many  of  the  major 
ip  sub-assemblies  could  be  sold  “as  is” 

» ■ or  with  modification  for  industrial 
-■  or  scientific  uses.  The  transmitter, 
which  cannot  be  used  for  ordinary 
. broadcasting,  may  be  adaptable  for 
:?  use  ss  an  electronic  heating  set, 
ir-  according  to  ofificials.  The  elec- 
r tronic  rectifier  maybe  saleable  as 
%'  suc*1-  Psrts  may  be  useable,  with 
ohanges,  as  test  equipment.  On 
•£  other  hand,  two  receiver  units 
: • would  have  to  be  extensively  modi- 
fied for  conventional  uses,  if  they 
y «e  to  be  useable  at  all. 


Rectifiers  Com*  First 

The  first  units  to  go  on  the  ni 
*et  are  electronic  rectifiers, 
which  there  are  three  kinds: 
High-Voltage  Power  Supply 
* fits  power  supply  was  designed 
Plate  voltage  for  one 

fho  large  Signal  Corps  mobile  hi 
tmquency  sets.  Manufactured 
tion*  Corps  specifi 

n combines  aU  °f  the  us 

eouinm  f°Und  in  commerc 
’ Pl“8  •d«tional  saf 
eouiimi  1°  j defiffn  necessary 
der  P^en.  de3tlned  to  operate  i 
The  outn  °f  fleId  c°nditio 
the  UnH  • VO  tage  obtainable  fr< 
from  o t„1S,rC„°?tinuously  varia 

type  37i  .D  at  500  ma  wh 

ployed.  It  -reCtlfier  tubes  are  e 

d 872-A  rectifi  P0®aiJble  to  substiti 

I without  m!  tabea  in  the  ui 
H obtain  ninJ0f.c  rcuit  changes  a 
r at  voltages  '8ller  outPut  curre 
i Ck  p “P  40  6>000  volts. 

I contains  thTr  S“^-This  ui 
Pioying  a twee  P°w«r  supplies  e; 
* a two-stage-amplifier  vo 
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age-regulator  circuit  which  assures 
regulation  and  freedom  from  hum. 
Power  supply  No.  1 has  a variable- 
voltage  range  from  750  to  900  volts 
dc  at  a maximum  load  of  125  ma. 
Line  voltage  may  drop  to  as  low  as 
85  v ac  on  medium  loads  and  100 
v ac  on  maximum  loads,  through- 
out the  voltage  range  from  750  v 
dc  to  900  v dc.  The  ripple  content 
within  these  voltage  ranges  is  less 
than  5 millivolts  from  no  load  to 
full  load. 

Supplies  number  2 and  3 are 
identical,  having  a variable  voltage 
range  from  230  v dc  to  330  v dc 
at  a maximum  load  of  400  mils. 
Line  voltage  may  be  as  low  as  80 
volts  at  200  ma  and  100  volts  at 
maximum  load.  Ripple  content  is 
less  than  5 millivolts  at  all  loads 
and  voltages. 

Low-Current  Power  Supply — 
This  unit  supplies  voltages  be- 
tween 500  and  16,000  volts  dc  at 
35  ma.  Ripple  voltage  at  full  load 
is  6 percent 

Original  Equipment  Expensive 

It  is  not  possible  at  this  time  to 
estimate  the  number  of  units  that 
will  be  available  from  obsolete  high 
frequency  equipment.  There  were 
about  2800  of  one  model  manufac- 
tured and  approximately  1000  of 
the  other,  at  a cost  of  well  over 
$200,000,000  to  the  government. 
How  many  have  been  destroyed  and 
how  many  are  listed  as  surplus  is 
not  known.  It  has  been  estimated 
that  the  average  cost  of  one  com- 
plete model  is  about  $40,000.  As  a 
single  unit  this  model  would  be  a 
dead  loss  to  the  government. 

There  will  be  some  surplus  units 
which  cannot  economically  be 
adapted  to  meet  civilian  needs. 
When  this  fact  has  been  clearly 
established,  normally  after  com- 
plete investigation  by  more  than 
one  manufacturer,  the  RFC  will 
approve  the  salvage  of  components. 
For  instance,  there  is  one  particu- 
lar tube  used  in  a set  which  repre- 
sents a government  investment  of 
between  four  and  five  million  dol- 
lars. Each  tube,  which  originally 
cost  about  $50,  now  is  priced  at 
$19  and  the  only  recoverable  value 
seems  to  be  about  30  cents  for  the 
platinum  in  it.  So  far,  no  verdict 
has  been  handed  down  regarding 
its  disposal. 

To  date  the  following  approxi- 


mate numbers  of  tubes  have  been 
declared  surplus  by  Owning  Agen- 
cies at  the  dollar  value  indicated 
opposite  each  type: 


Type  Qusntlty  Value 

fiacaiaini  tubes 3,151,000  $1,900,000 

Transmitting  tubes 2,862,700  11,700,000 

Cathode-ray  tubes 130,000  1,800,000 

Photoelectric  tubes 12,800  10,500 

Special-purpose  tubes 64,300  78,500 

Othertubes 106,000  447,000 

Of  the  above  tubes  declared  sur- 
plus, practically  100  percent  have 
been  returned  to  DSC  manufac- 
turer-agents, save  for  approxi- 
mately 510,000  transmitting  type 
tubes,  valued  at  $5,560,000,  and 
18,000  cathode-ray  tubes,  valued  at 
$195,000. 

Anti-Trust  Law  Clans* 

An  important  clause  in  the  Sur- 
plus Property  Act,  which  cannot 
be  overlooked  in  any  discussion  of 
surplus  disposal,  has  to  do  with 
avoiding  any  violation  of  the  anti- 
trust laws.  ' It  states  in  Sec.  20 : 


“Whenever  any  disposal  agency 
shall  begin  negotiation  for  the  dispo- 
sition to  private  interests  of  a plant 
or  plants  or  other  property  which 
cost  the  Government  $1,000,000,  or 
of  patents,  processes,  techniques  or 
inventions,  irrespective  of  cost,  the 
disposal  agency  shall  promptly  notify 
the  Attorney  General  of  the  proposed 
disposition  and  the  probable  terms 
or  conditions  thereof.  Within  a rea- 
sonable time,  in  no  event  to  exceed 
ninety  days  after  receiving  such  no- 
tification. the  Attorney  General  shall 
advise  the  Board  and  the  dlspowl 
agency  whether,  in  his  opinion,  the 
proposed  disposition  will  violate  the 
antitrust  laws.  . . . Nothing  in  this 
Act  shall  impair,  amend,  or  modify 
the  antitrust  laws  or  limit  and  pre- 
vent their  application  to  persons  who 
buy  or  otherwise  acquire  property 
under  the  provisions  or  this  Act" 

The  Department  of  Justice  has 
gone  over  the  RFC  agreement 
forms  and  to  date  has  found  no 
violation  of  the  antitrust  laws. 

The  agency  agreement  contains 
a provision  that  the  manufacturer 
may  not,  without  the  prior  con- 
sent of  RFC,  sell  more  than  80  per- 
cent of  any  type  of  equipment  or 
component  shipped  to  him,  nor 
may  he  purchase  more  than  50 
percent  of  any  type  for  use  in  his 
own  production  unless  the  prior 
consent  of  RFC  is  given.  This 
safeguard  was  set  up  to  assure  the 
government  that  government- 
owned  surplus  would  not  be  used 
by  any  manufacturer  to  place  him- 
self in  a preferred  position  at  the 
expense  of  other  manufacturers  or 
the  industry  as  a whole.  These  re- 
strictions do  not  apply  in  the  event 
of  sale  of  the  equipment  or  com- 
ponents for  use  in  war  production. 
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By  BYRON  E.  PHELPS 

International  Business  Machines  Corp. 
New  York,  7f.  Y. 


The  7-A-3  bombing  trainer  was 
developed  by  the  Navy  Bureau 
of  Aeronautics,  Special  Devices  Di- 
vision, to  give  the  student  bom- 
bardier authentic  bombing  practice 
and  experience  without  leaving  the 
ground.  The  trainer  reproduces 
every  condition  encountered  in 
actual  bombing  procedure  so  ac- 
curately that  the  student  needs  lit- 
tle adjustment  when  he  eventually 
goes  aloft.  It  consists  of  a replica 
or  mockup  of  the  bomber  compart- 
ment of  a huge  four-motored  heavy 
bomber  (PB4Y),  known  by  the 
Army  designation  as  the  Consoli- 
dated B24. 

All  the  instruments,  including  a 
late  model  bombsight,  are  included 
in  the  mockup.  An  ingenious  pro- 
jection device  produces  a moving 
image  of  the  ground  or  target  area 
in  exact  proportion  to  the  speed 
and  altitude  of  the  plane.  Refrig- 
erating equipment  is  used  to  cool 
the  compartment  to  make  it  neces- 
sary for  the  student  to  learn  how  to 
handle  delicate  instruments  while 
encumbered  with  bulky  flying  cloth- 
ing. 

To  complete  the  realism,  it  was 


necessary  to  duplicate  the  motor 
noise  and  vibration  which  would 
be  present  in  a real  plane.  Such  a 
motor-noise  unit  must  duplicate  as 
nearly  as  possible  the  actual  motor 
sounds  as  heard  in  the  bombing 
compartment.  It  was  also  desired 
that  the  speed  of  the  “motors”  be 
controllable  by  the  instructor,  and 


that  at  least  two  separate  noise  I : 
generators  or  motors  be  use  s®  I 
that  the  characteristic  low-fre-J  ; 
quency  beat  of  multiple  motors  n<*  j 
in  exact  synchronism  could  be  o j 
tained. 

Noise  Analysis 

The  development  of  the  motoj_  I 
noise  unit  was  based  on  a S1®'J  | 

analysis  of  the  noise  produced  o 
an  airplane  engine.  It  was  assl|m_ 
that  most  of  the  noise  came  w 
the  exhaust  and  that  the  ex  * j 
produced  the  fundamental  no 
frequency ; also  that  the  8 
note  varied  from  cylinder  to  ff  I 
der  due  to  variations  in  cy  ’n  I 
conditions  and  in  length  0 
haust  piping  and  that  this v8 . a 
tion  would  occur  rhythmically  a 
frequency  several  times  lover 
the  fundamental,  depending  °n  . 
number  of  cylinders  and  t e • 
of  exhaust  manifolding;  a's0; 
would  probably  be  other  varia 
or  added  sounds  caused  y 
pellers,  bearings,  timing  gears,  , 


FIG.  2 — Functions  of  the  several  stages  oi  the  noise  generator  are  illustrated 
by  this  block  diagram 


96 


Digitized  by 


« ELECTRONICS 

Google 


for  Aircraft  Trainer 


To  simulate  the  motor  noise  and  vibration  present  in  an  airplane,  electronic  units  are 
used  in  bombing  trainers.  A multivibrator  produces  the  fundamental  tone,  three  trigger 
circuits  add  subharmonic  frequencies,  and  the  resultant  tone  is  amplified 


ITheae  again  would  have  basic  fre- 
quencies several  times  lower  than 
that  of  the  exhaust  fundamental. 
Based  on  this  analysis,  a device 
' to  simulate  motor  noise  should  have 
& fundamental  tone  generator 
whose  output  would  resemble  the 
1 exhaust,  plus  several  tone  gener- 
1 a tors  or  tone  modifiers  which  would 
’ operate  at  frequencies  lower  than 
i the  fundamental  to  simulate  the 
variations  in,  or  additions  to,  the 
exhaust  note.  Rather  than  attempt 
to  analyze  just  what  frequencies 
should  be  used  for  these  modifying 
tone  generators,  the  problem  was 
approached  from  the  angle  of  how 
realistic  a sound  could  be  obtained 
■■  by  using  modifying  frequencies 
most  easily  obtained. 

Multivibrator  at  Tote  Scare* 

For  the  fundamental  exhhust 
note  generator,  a conventional  twin- 
Wode  multivibrator  oscillator  was 
used.  This  type  of  oscillator  was 
chosen  for  two  reasons,  first  be- 


verted  to  sound  by  suitable  speak- 
ers, the  result  is  a very  realistic 
imitation  of  an  airplane  engine. 

Each  trainer  uses  two  noise 
units,  each  of  30  watts  peak  power, 
and  each  driving  two  twelve-inch 
heavy-duty  speakers.  The  sound  is 
not  only  quite  intense  but  also  pro- 
duces considerable  vibration  in  the 
mock  compartment,  which  adds 
much  to  the  impression  of  being  in 
a real  plane. 

Figure  1 shows  the  interior  of 
the  mockup  of  the  PB4Y  bombing 
compartment.  Figure  2 shows  a 
block  diagram  of  the  noise  genera- 
tor. Other  photos  show  the  pro- 
duction models  of  the  noise  unit 
chassis  which  contains  two  separate 
noise  generators  complete  with 
separate  amplifiers  and  separate 
power  supplies. 

Signal  Gaaoratloa 

The  operation  of  the  circuit 
shown  in  Fig.  3 is  as  follows : 

The  multivibrator  oscillator  is 
of  the  conventional  twin-triode  type 
employing  a 6SN7  twin  triode  tube. 
The  cathodes  of  the  triode  elements 


are  connected  to  the  -(-90-volt  line 
and  the  plates  to  the  -(-240-volt  line 
through  40,000  ohms  total  plate 
load  each.  The  grids  are  each  re- 
turned to  the  cathode,  -(-90-volt 
line,  through  an  adjustable  resis- 
tance of  100,000  ohms  maximum 
and  a limiting  resistor  of  5,000 
ohms.  The  100,000-ohm  adjustable 
resistors  are  the  two  halves  of  a 
dual  potentiometer. 

Each  triode  plate  is  coupled  to 
the  grid  of  the  opposite  triode 
plate  through  a 0.1-fif  capacitor. 
So  connected,  the  twin  triodes  act 
like  a see-saw,  with  first  one  tube 
conducting  and  then  the  other.  To 
follow  through  the  operation  very 
briefly,  assume  that  the  triode  sec- 
tion on  the  left  starts  to  conduct. 
As  it  starts  to  conduct,  its  plate 
volage  will  drop  nearly  to  cathode 
potential.  This  sudden  shift  down- 
ward in  potential  is  transmitted  to 
the  right-hand  grid  through  the 
0.1-fif  coupling  capacitor,  making 
the  right  hand  triode  non-conduc- 
tive.  The  right-hand  grid  will  im- 
mediately start  to  rise  back  to 
cathode  potential  as  the  charge 


Two  complote  lone  generators  and  amplifiers  are  mounted  on  one  chauie. 
Separate  power  euppUei  aro  Included  lor  each 


Under-chasmli  view  of  the  electronic  portion  of  the  noise  generator.  Shielded 
leads  permit  the  speed  controls  to  be  located  on  the  instructor's  desk 


leaks  off  the  coupling  capacitor 
through  the  variable  grid  resistor. 
When  a potential  of  10  volts  nega- 
tive to  cathode  is  reached,  the  right- 
hand  triode  will  start  to  conduct 
and  in  a similar  manner  bias  off 
the  left-hand  triode.  When  this 
newly  created  bias  on  the  left-hand 
triode  leaks  off,  it  will  again  con- 
duct and  bias  off  the  right-hand 
section. 

The  rate  at  which  this  transfer, 
see-saw,  or  oscillation  occurs  is  de- 
termined by  the  discharge  rate  of 
the  coupling  capacitors  through  the 
grid-return  resistors.  By  making 
the  latter  variable,  it  is  possible  to 
vary  the  frequency  over  a very  wide 
range.  In  the  circuit  shown,  the 
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change  from  minimum  resistance 
of  5,000  ohms  to  a maximum  of 
105,000  ohms  produces  a speed 
change  of  from  300  down  to  20 
cycles  per  second.  For  signal  out- 
put, one  plate  resistor  is  tapped  at 
the  midpoint  and  coupled  to  the 
common  amplifier  input  through  a 
1-megohm  decoupling  resistor.  A 
direct  plate  connection  is  used  to 
furnish  the  signal  for  driving  the 
first  subharmonic  generator. 

Trigger  Circuit  at  Frequency  Splitter 

The  first  subharmonic  generator 
consists  of  a trigger  circuit  of  the 
Eccles-J ordan  type,  but  with  the 
component  values  so  chosen  that  it 
responds  only  to  negative  pulses 


and  can  thus  be  used  as  a frequency 
divider  without  additional  tubes.  ; 
It  consists  of  the  two  triode  ele- 
ments of  a 6SN7  twin  triode  tube, 
with  the  plate  of  each  triode  coup- 
led to  the  grid  of  the  opposite  tri- 
ode in  such  a manner  that  if  either 
triode  is  conducting  it  will  hold  the 
grid  of  the  other  triode  well  below 
cutoff.  Thus  either  triode  may  con- 
duct, but  only  one  can  conduct  at  a 
time. 

A negative  impulse  applied  si- 
multaneously to  both  grids  through 
the  0.00045-fif  coupling  capacitors 
will  momentarily  bias  off  the  con- 
ducting triode  and  the  other  triode 
will  become  the  conducting  one.  A 
second  negative  pulse  will  cause  the 
first  triode  to  again  conduct,  etc. 
Thus  two  negative  pulses  will  pro- 
duce one  complete  alternation,  see- 
saw, or  oscillation. 

Within  reasonable  limits,  a posi- 
tive pulse  will  not  effect  this  trig- 
ger. When  the  0.00045-/if  capaci- 
tors are  coupled  to  the  right-hand 
plate  of  the  multivibrator,  the 
trigger  grids  will  receive  one  nega- 
tive impulse  for  every  cycle  of  the 
multivibrator  and  will  make  one 
complete  alternation  or  cycle  for 
every  two  cycles  of  the  multivibra- 
tor. Thus  whatever  the  multivi- 
brator frequency,  the  1st  sub-har 
monic  generator  will  oscillate  a 
one-half  its  frequency. 

Mixing  the  Ontputa 

Likewise,  the  2nd  subharmonic 
generator,  coupled  to  the  ou  Pu 
of  the  first  subharmonic  generator, 
will  oscillate  at  one-half  the  re- 
quency  of  the  first  subharmonic 
generator  or  one-quarter  the  ie" 
quency  of  the  multivibrator, 
third  subharmonic  generator 
oscillate  at  one-eighth  the  mu 
vibrator  frequency.  . 

The  output  of  each  subharmon 
generator  is  controlled  by  a 
megohm  potentiometer  an 
coupled  to  the  common  a®Pune 
input  through  a 1.0  megohm 
coupling  resistor.  The  best  * 
ing  for  normal  use  consists  o ^ 
three  potentiometers  in  apPr0  . 
mate  physical  center  althoug  s 
cial  effects  can  be  produced  by  0 ^ 
proportions.  For  example,  a P 
nounced  knocking  like  that  cau  ^e 
by  a loose  connecting  rod  can 
produced  at  low  speed  by  turm 
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the  conditions  almost  impossible 
for  suitable  results. 

After  considerable  experimenta- 
tion and  testing,  the  loudspeakers 
were  arranged  as  follows:  Two  12- 
inch,  heavy-duty  pm  units  with 
peak  ratings  of  30  watts  each  were 
used  for  each  amplifier  (four  per 
dual  unit).  To  provide  low-fre- 
quency loading,  the  speakers  were 
mounted  in  independent,  totally 
enclosed  baffles  with  a volume  of 
approximately  one  cubic  foot,  the 
shape  of  the  baffle  box  being  de- 
termined by  its  location  in  the 
trainer.  Without  the  loading  by 
these  enclosed  baffles  the  speakers 
would  soon  tear  themselves  to 
pieces. 

Two  of  the  speakers  are  mounted, 
concealed  behind  the  cloth  lining, 
above  and  on  each  side  of  the 
bombardier’s  head,  and  two  are 
mounted  in  the  dummy  ammunition 
boxes  below  and  to  the  right  and 
left  of  the  bombadier.  The  speak- 
ers on  one  side  are  connected  to  one 
amplifier  to  further  the  sense  of 
separate  motors.  While  far  from 
ideal,  this  speaker  arrangement 
has  given  satisfactory  sound  out- 
Dut  and  excellent  speaker  life. 


the  third  subharmonic  control  full 
on. 

Fewer  Amplifier  Stages 

The  audio  amplifier  is  of  conven- 
tional design  employing  a 6J5  first 
audio  amplifier,  6SN7  as  second 
audio  and  phase  inverter,  and  two 
6L6’s  as  power  amplifiers.  The 
only  departure  from  standard  de- 
sign is  in  the  coupling  between 
the  first  and  second  amplifiers.  A 
small  0.005-/if  coupling  capacitor 
is  used  with  a 0.01-^f  tone-control 
capacitor.  This  combination  was 
selected  from  many  possible  com- 
binations to  provide  the  most  realis- 
tic sound  output  as  judged  by  ex- 
perienced airmen.  The  sound  out- 
put is  designed  to  resemble  that 
inside  the  bombardier’s  compart- 
ment rather  than  that  heard  from 
outside  the  plane. 

Multivibrator  oscillators  as  used 
in  this  device  are  very  sensitive  to 
voltage  variations  and  tend  to  lock 
in  with  each  other  if  any  apprecia- 
ble coupling  exists.  Any  tendency 
to  lode  in  would  defeat  the  main 
purpose  of  the  dual  units,  that  is, 
to  produce  the  characteristic  low- 
frequency  beat  of  multimotored 


planes  with  motors  not  in  exact 
synchronism.  Therefore  the  units 
were  isolated  physically  and  elec- 
trically as  completely  as  possible. 

Separate  power  supplies  were 
used  for  the  same  reason,  plus  the 
fact  that  it  permitted  the  use  of 
two  standard  receiver  type  power 
transformers  rather  than  one  spe- 
cial heavy  duty  transformer.  It 
was  necessary  also,  to  shield  the 
leads  to  the  speed-control  poten- 
tiometers which  were  mounted  on 
the  instructor’s  desk  at  some  dis- 
tance from  the  chassis. 

Rtprodicar  Problem 

The  loud  speakers  which  produce 
the  final  sound  output  are  mounted 
within  the  mock  compartment  and 
presented  problems  of  their  own. 
The  frequencies  to  be  reproduced 
were  very  low,  normally  ranging 
from  200  cycles  for  the  fundamen- 
tal oscillator  frequency  to  50  cycles 
for  the  third  subharmonic,  and 
lower  if  the  speed  was  reduced. 
To  make  it  worse,  the  mockup  con- 
struction permitted  very  little 
baffle  area.  Almost  no  data  was 
available  to  suit  these  conditions. 
Speaker  manufacturers  considered 


Remote-controlled  unit,  containing  C-W 
and  C-W  phone  receivers,  and  relays 

IN  MOST  radio  receiving  stations 
involving  remotely  controlled 
equipment  it  is  desirable  to  be  able 
to  exercise  at  least  a limited  amount 
of  tuning  from  the  control  location. 
Transmitter  frequencies  will  vary 
slightly  within  the  permissible  tol- 
erance allowed.  In  order  to  compen- 
sate for  such  slight  variations  it  is 
necessary  to  shift  the  receiver  fre- 
quencies slightly  to  provide  opti- 
mum reception. 

Several  means  have  been  util- 
ized in  the  past,  such  as  motor- 
driven  tuning  capacitors,  stepping 
relays  which  switch  in  various  crys- 
tals or  capacitors,  and  the  transmis- 
sion of  i-f  signals  over  telephone 
lines.  Each  of  these  systems  has  its 
merits  but  from  the  constructional 
standpoint  they  are  complicated 
mechanically  or  electrically,  or  do 
not  provide  continous  variation  of 
the  controlled  frequency. 

Basle  Principle 

An  electronic,  continuous,  and 
simple  means  of  control  can  be 
achieved  by  utilizing  a reactance- 
tube  circuit.  Such  a circuit  is  one  in 

too 


Remotely-located  radio  receivers  are  tuned  over  a limited 
band  by  means  of  reactance  tubes  connected  across  their 
oscillator  tank  circuits.  The  reactance  tubes  are  con- 
trolled by  direct  voltages  applied  over  connecting  tele- 
phone lines 
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Office  control  unit,  providing  on-off  control  and  tuning  control  of  two  remote 
receivers,  and  local  volume  control 


which  a direct-current  or  voltage 
variation  is  converted  into  a varia- 
tion in  impedance  at  the  output 
terminals.  The  impedance  variation 
may  be  either  capacitive  or  induc- 
tive, depending  upon  the  compon- 
ent parts  used  in  the  circuit,  and 
is  achieved  by  the  use  of  a tube 
that  draws  from  its  load  either  a 
leading  or  lagging  current  with 
reference  to  the  impressed  voltage. 

The  use  of  reactance  tubes  is 
common  in  the  automatic-fre- 
quency-control circuits  of  receivers 
and  in  the  modulators  used  in  some 
types  of  frequency-modulated  radio 
transmitters. 

Figure  1 shows  a basic  reactance 
tube  circuit  in  which  a change  in 
d-c  voltage  on  the  control  grid, 
through  Rx , produces  a reactance 
change  between  points  A and  B. 
Capacitor  C.  is  a blocking  capacitor, 
C,  is  a phase  splitting  capacitor,  and 
C„  C„  and  C,  are  bypass  capacitors. 
Resistor  R,  merely  drops  screen 
voltage  to  a desirable  value. 

Points  A and  B are  attached  to 
the  circuit  over  which  control  is 
desired.  In  the  example  under  dis- 


cussion in  this  instance,  a receiver 
oscillator  is  to  be  controlled  and 
therefore  AB  is  connected  across 
the  oscillator  tank  circuit.  Inas- 
much as  the  impedance  presented  at 
AB  may  have  a resistive  term,  there 
will  be  some  loading  of  the  oscil- 
lator circuit  by  the  control  tube.  The 
magnitude  of  the  resistive  term  di- 
minishes as  the  phase  difference  be- 
tween the  grid  voltage  and  the  im- 
pressed voltage  at  AB  approaches 
ninety  degrees. 

C-W  vs.  Voice  ReeepWoe 

When  tuning  a receiver  by  means 
of  the  reactance-tube  circuit  seve 
different  methods  may  be  use 
Where  reception  is  limited  to  voice 
signals,  it  is  necessary  to  control  t e 
high-frequency  oscillator,  but  or 
the  reception  of  C-W  telegraP 
signals  the  control  may  be  app  ie 
to  the  beat-frequency  oscillator  an 
the  high-frequency  oscillator  may 
be  crystal  controlled. 

The  range  of  frequency  variation 
at  5 me  when  the  high-frequenc 
oscillator  is  controlled  may  be  as 
high  as  30  kc  with  a 12-volt  1 
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variation.  When  the  control  is  ap- 
plied to  the  beat-frequency  oscil- 
lator at  465  kc  the  available  varia- 
tion in  beat  note  is  approximately 
10  kc  each  side  of  zero  beat  for  a 
total  bias  variation  of  12  volts.  The 
amount  of  variation,  or  control,  is 
largely  determined  by  the  amount 
that  the  grid  bias  on  the  reactance 
tube  is  varied  and  the  value  of  the 
coupling  capacitor  C the  larger 
this  capacitor  the  greater  the  con- 
trol. 

Circuit  Variation 

Figure  2 shows  schematically  a 
typical  installation  in  which  two  re- 
ceivers are  remotely  controlled  over 
two  telephone  lines.  Closing  the 
dpst  power  switch  at  the  office  turns 
on  the  office  amplifier  and  also 
turns  on  the  remote  receivers.  Clos- 
ing the  tuning  switch  at  the  office 


applies  bias  to  the  two  remotely 
located  reactance  tubes.  Variation 
of  the  tuning-control  potentiometers 
changes  the  output  reactance  of  the 
two  reactance  tubes  and  accomp- 
lishes the  desired  tuning.  Audio 
output  of  the  two  receivers  is  fed 
back  to  the  office  over  the  associated 
telephone  lines  and  applied  to  the 


FIG.  1 — Fundamental  reactance-tube 
tuning  circuit 


office  amplifier  input  through  po- 
tentiometers and  spst  switches  pro- 
viding individual  control. 

In  this  instance  one  remote  re- 
ceiver is  used  for  c-w  reception  and 
the  other  for  voice  and  therefore 
one  reactance  tube  controls  a beat- 
frequency  oscillator  while  the  other 
controls  a high-frequency  oscillator, 
as  previously  outlined.  Where  both 
c-w  and  voice  are  to  be  received 
with  one  receiver  it  is  a simple 
matter  to  arrange  remote  switching 
of  a reactance  tube  from  beat-fre- 
quency oscillator  to  high-frequency 
oscillator  or  vice  versa.  In  such  in- 
stances additional  relays  are  con- 
nected in  series  with  the  power  re- 
lay and  adjusted  to  pull  up  at  dif- 
ferent currents.  An  additional  po- 
tentiometer included  in  the  relay 
battery  circuit  permits  suitable  cur- 
rents to  be  selected. 


& 


^IG.  2 — Remote-tuning  arrangement  suitable  lor  handling  two  rocolvor*.  Addition  of 
other  relays  and  another  potentiometer  permits  a number  of  variations  discussed  in  the  text 
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Electronic  Control  for 


By  exciting  a magnetic  clutch  with  a grid-controlled  gaseous  rectifier  that  is  controlled 
by  a governor  generator  through  a bridge  circuit  having  a vacuum  tube  in  one  leg,  the 
output  speed  of  a motor  can  be  varied  over  a 100-to-l  range  or  a preset  speed  auto- 
matically maintained  within  0.1  percent  from  no  load  to  full  load 


speeds  of  from  100  to  30,000  rpm. 
Machine  tool  manufacturers  have 
also  used  this  combination  success- 
fully when  extreme  speed  ranges 
are  required. 

One  motor  car  manufacturer, 
who  is  now  making  aircraft  en- 
gines, uses  the  magnetic  clutch  for 
testing  these  engines.  One  end  of 
the  clutch  is  coupled  to  the  aircraft 
engine,  while  the  other  end  is  con- 
nected to  a synchronous  alternator. 
The  engine  may  run  at  any  speed 
while  the  alternator  runs  at  a fixed 
speed.  The  difference  in  speed  is 
taken  up  in  the  clutch.  The  d-c  ex- 
citation to  the  clutch  is  controlled 


FIG.  1 — Block  diagram  illustrating  re- 
lationship between  Important  elements 
of  an  electronically  controlled  variable- 
speed  drive 

An  electronically  controlled  mag- 
netic clutch  operating  in  con- 
junction with  a standard  a-c  motor 
has  proved  highly  successful  as  a 
means  of  controlling  speed  over  a 
wide  range  and  regulating  the 
speed  accurately  at  any  desired 
value  within  this  range.  The  flexi- 
bility of  the  clutch  and  the  accuracy 
of  the  electronic  control  together 
make  it  possible  to  obtain  speed  re- 
ductions as  high  as  100  to  1,  with 
the  preset  speed  maintained  within 
1/10  of  1 percent  for  almost  any 
load  variation. 

This  electronically  controlled 
drive  has  already  been  applied  in 
connection  with  wind  tunnels,  dyna- 
mometers and  superchargers  in 
sizes  from  i hp  up  to  18,000  hp  and 


by  an  electronic  rectifier  system. 
In  this  manner,  the  major  portion 
of  the  energy  supplied  by  the  air- 
craft engine  is  recovered,  the  re- 
mainder being  dissipated  as  heat. 
When  testing  at  speeds  below  that 
of  the  alternator,  the  alternator  is 
stopped  through  the  use  of  a fric- 
tion brake,  and  the  energy  de- 
veloped by  the  engine  is  entirely 
dissipated  in  the  clutch. 

Essential  Elements  of  Electronic  Drive 

A functional  diagram  of  the  com- 
ponent elements  of  a variable-speed 
drive  is  shown  in  Fig.  1.  Driving 
power  is  supplied  to  the  magnetic 
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A 4,000-hp  dynamometer  whose  power  absorption  is  readily  controlled  bT 
means  oi  electronic  speed-control  equipment 
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clutch  by  a standard  motor.  The 
output  shaft  of  the  clutch  operates 
at  some  desired  fraction  of  rota- 
tional speed,  determined  by  the 
governor  generator  that  feeds  the 
electronic  control  system  which 
provides  excitation  for  the  clutch. 
The  success  of  the  control  mech- 
anism depends  upon  (1)  the  pro- 
duction by  the  governor  generator 
of  a voltage  that  is  exactly  propor- 
tional to  the  speed  of  rotation  of 
the  output  shaft,  (2)  an  electronic 
control  circuit  that  may  be  man- 
ually operated  to  adjust  the  speed 
to  any  desired  value  but  which  is 
entirely  automatic  and  precise  in 
operation  for  any  given  setting  of 
the  speed  control,  and  (3)  an  elec- 
trically operated  clutch  mechanism 
responding  to  the  resultant  volt- 
ages from  the  manual  speed  con- 
trol and  the  voltage  from  the  gov- 
ernor generator.  Each  of  these 
' ree  units  will  be  described  sep- 
arately. 

Characteristics  of  Governor  Generator 

*■»»  ®rC  governor  generator 
e permanent-magnet  type  is 

cliTn  °n  tHe  0utput  shaft  of  the 

"h.  as  indicated  in  the  block 
gram  of  Fig.  j.  The  voltage  of 

7*e"erat0r  is  a linear  function 
Pi_  °„a  lonal  sPeed,  as  shown  in 

the  a ’ a'Va  also  the  frequency  of 
lJe  a-c  output. 

qul«  !lMtronic  control  system  re- 
direct 7US  proper  functioning  a 

Pronort'0  wllose  rnagnitude  is 
oport  aH0^  rotat.onai 

iSsr"- 


Rear  view  of  control  designed  for  providing  15-kw  d-c  excitation  for  4,000-hp 
dynamometer 


ator  could  be  used  in  place  of  the 
a-c  generator,  thereby  eliminating 
the  rectifier  and  filter  system,  but 
considerable  trouble  with  commu- 
tation, brush  wear,  electrical  leaks 
to  ground,  and  maintenance  prob- 
lems in  this  case  makes  the  a-c 
governor  more  economical  and  de- 
sirable. 


In  practice  the  lowest  frequency 
of  the  generator  is  60  cps  and  the 
highest  is  about  4,000  cps  except  in 
cases  where  the  clutch  is  operated 
at  speeds  as  high  as  30,000  rpm, 
when  the  maximum  frequency  is 
then  approximately  15,000  cps.  Rec- 
tification and  filter  problems  are  at: 
a minimum  at  the  higher  frequen- 
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R*or  view  of  chassis  using  circuit  of  Fig.  4.  This  control  unit  supplies  220 
watts  of  d-c  excitation  for  machines  of  from  1 to  75  horsepower 


cies,  thereby  making  it  possible  to 
obtain  smoother  operation  with  a 
small,  low-cost  filter  system.  Filters 
in  a high-frequency  circuit  may 
cause  erratic  operation  and  hunt- 
ing due  to  the  time  lag  required  to 
charge  the  capacitors. 

Electronic  Control  Scheme 

Voltage  output  from  the  rectifier- 
filter  system  fed  by  the  governor 
generator  is  thus  proportional  to  the 
output  speed  of  the  machine.  Slight 
variations  or  changes  in  speed  will 
result  in  proportionate  changes  in 
the  output  voltage  of  the  governor 
generator  system,  and  such  varia- 
tions may  be  used  to  regulate  the 
clutch  mechanism  to  control  the 
speed  of  the  output  shaft.  The 
necessary  regulation  and  control  is 
effected  in  the  electronic  circuits 
by  comparing  the  voltage  output  of 
the  governor  generator  system 
with  a standard  reference  voltage 
which  may  be  adjusted  manually 
to  give  the  desired  speed. 


FIG.  2 — Curve  showing  relations  be- 
tween speed  of  rotation  and  output 
voltage  for  typical  governor  generator 
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FIG.  3 — Vacuum-tube  bridge  circuit 
which  functions  as  control  element  for 
actuating  the  tbyratrons  feeding  the 
magnetic  clutch 


The  electronic  control  circuit  is 
essentially  a controlled  rectifier  us- 
ing gaseous  tubes,  whose  output 
power  varies  the  excitation  to  the 
windings  of  the  clutch. 

The  plates  of  the  gaseous  recti- 
fiers are  operated  from  an  a-c 
source  and  the  grids  are  fed  by  a 
one-stage  vacuum-tube  amplifier. 

The  grid  of  the  amplifier  tube  is 
controlled  by  two  variable  electri- 
cal devices.  One  is  known  as  the 
reference  voltage,  and  is  provided 
by  a potentiometer  connected  across 
a d-c  voltage  source.  This  is  usually 
termed  a speed-setting  control, 
since  any  predetermined  setting  of 
this  control  will  cause  the  machine 
to  run  at  a specified  speed.  The 
second  voltage  is  obtained  from  the 
rectifier-filter  system  associated 
with  the  governor  generator.  These 
two  voltages  are  connected  in  series 
opposition,  and  are  of  such  magni- 
tude that  the  signal  voltage  to  the 
grid  of  the  amplifier  tube  is  zero 
when  the  output  shaft  is  rotating 
at  the  desired  speed.  The  signal 
voltage  will  be  positive  when  the 
output  shaft  rotates  faster  than  the 
desired  speed,  and  will  be  negative 


for  speeds  slower  than  the  selected 
value. 

Refer* nee  Voltage 

The  reference  voltage  is  obtained 

from  a transformer-rectifier-filter 

system  operated  from  the  line.  Volt- 
age stability  is  obtained  throug 
the  use  of  voltage  regulator  tubes 
of  the  VR-150  or  VR-105  type,  al- 
though in  cases  where  extreme  con- 
stancy of  voltage  is  required,  an 
elaborate  voltage  regulator  system 
is  employed.  The  closer  the  refer- 
ence voltage  is  held  to  a predeter 
mined  value,  the  better  will  *)erie 
speed  control  of  the  machine.  Tne 
output  of  the  voltage-regulating 
system  is  brought  to  a manua  y 
operated  voltage  divider  which  pro- 
vides a convenient  means  for  a 
justing  the  machine  to  its  require 
speed. 

The  sum  of  the  two  voltages, 
reference  and  governing,  is  4 ® 
brought  to  the  grid  of  a triode  am 
plifier  tube  arranged  as  a drive 
for  the  final  output  tubes.  Thi 
amplifier  tube  is  in  a ')a^?cin. 
bridge  circuit,  similar  to  a Whea 
stone  bridge  circuit,  and  is  sho 
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“ in  Fig.  3.  The  tube  forms  one  arm 
of  the  bridge. 


S Complete  Clreolt 

Resistances  ft,  ft,  and  R,  are  of 
i equal  value.  Therefore,  when  the 
j cathode-plate  resistance  of  the  tri- 
°de  is  equal  to  ft,  the  bridge  is  bal- 
$ anc«i  and  the  output  voltage  E.  is 
M zero.  When  the  triode  does  not 
pass  current,  no  voltage  drop  will 
exist  across  ft.  In  this  case  a volt- 
age drop,  equal  to  one  half  that  ap- 
plied across  AB,  will  exist  across 
ft.  Point  C will  then  be  more  neg- 
ative than  A by  the  voltage  drop 
across  R,.  This  voltage  drop  will 
1 appear  as  ft,  = E,  since  EP  = 0 

inow,  and  will  be  applied  to  the  grid 
of  the  gaseous  controlled  rectifier. 

Should  the  signal  on  the  grid  of 
amplifier  tube  VT  be  positive,  a 
™tage  drop  Er,  whose  magnitude 


uepenas  upon  the  plate  imped* 
of  the  tube  as  well  as  upon  the  i 
Toltage  of  VT,  will  appear  as 
result  of  current  passing  thro 
™ tube.  This  will  cause  a volt 
“rop  across  R,  whjch  will 
neater  than  that  across  ft.  P< 
™ I be  more  negative  than  poi 
„1aBdJG  s‘nce  the  voltages 
'sloped  across  ft  and  ft  are  in 
^ ' 10n’ the  difference  E.  will  h 
po  arity  opposite  to  that  obtaii 
“e  Previous  case.  This  i 

to  bec°me  negative,  caus: 
dron'r 6nt  deV*loped  in  ‘ts  load 
tube  dr  Z8p'  F°r  instance.  if  ' 

140  wit?  Eta  ll 10  volts-  then  E, 
?,U>Eb  + E-  = 1 
°PP03itio^  VO  tS  S'nCe  POlarity  is 
m<!re  comPlete  electro! 

?rr-cuit  dia^™ 

b.v  tube  VT  2"  ‘8  rePreseni 
and  ft  n and  resistors  R,„  J 

the  bridge  J ^-age  E‘  Supp,yi 
f°rmer-^i«  ^!nedfroinatrai 

toying  UuffTi  P°Wer  SUPI 

tube,  ThP!  ^VUlI'wave  rectifi 
tuit’  E.  is  an^U  j ?f  the  bri<lKe  c: 
*ud  cathod/nf1^  between  the  gr 
rectifier  Vf  gaseous  control! 

?a-,eo“s  reIuIerVV/rid‘COntro11 

"Won,  (j..  is  connect 

with  anL.nl^'00'1  l°a<l  aloi 
tier,  Vf  o.  trolled  gaseous  reel 
" Smce  ^ load  is  hisrh 


inductive,  it  is  necessary  to  keep 
the  high  inverse  voltages  to  a min- 
imum in  order  to  protect  the  in- 
sulation of  the  clutch  coil  and  elim- 
inate the  destructive  effects  on  the 
grid-controlled  tube. 

The  gas  type  of  grid-controlled 
tube  was  used  because  of  its  many 
advantages  over  the  mercury  type. 
Its  cost  is  somewhat  lower;  it  is 
not  as  large  since  it  does  not  have 
to  have  a cold  spot  for  condensa- 
tion and,  most  important  of  all,  its 
grid  characteristics  do  not  change 
with  temperature  as  in  the  case 
of  the  mercury  tube. 

Should  the  machine  be  set  to  run 
at  1000  rpm  by  speed  control  volt- 


age divider  ft,,  the  reference  volt- 
age developed  by  VT,  and  regulated 
by  VT,  and  VT,  will  be  equal  to 
the  voltage  developed  by  full-wave 
rectifier  VT,  when  fed  by  the  gov- 
ernor generator  running  at  1000 
rpm. 

With  the  output  shaft  of  the 
clutch  at  rest  but  the  driving  mem- 
ber rotating,  no  voltage  will  be  gen- 
erated by  the  governor  generator. 
As  soon  as  speed  control  ft,  is 
moved  above  zero  speed,  it  will 
cause  the  grid  of  VT,  to  become 
more  negative,  allowing  final  out- 
put rectifier  tube  VT,  to  become 
positive  and  pass  current  through 
the  clutch.  This  will  start  the  pilot 


FIG.  4 — Schematic  wiring  diagram  oi  complain  variable-speed  drive  anil.  Tube 
VT,  and  ite  associated  circuits  form  the  bridge  circuit  Illustrated  in  Fig.  3.  The 
portion  enclosed  in  dotted  linos  is  tbs  optional  torqus  control  circuit 
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FIG.  5 — Cross-Mctional  diagram  illustrating  construction  of  magnetic  clutch 


generator  rotating,  and  it  in  turn 
will  cause  the  grid  of  VT,  to  be 
driven  in  a positive  direction. 
Balance  is  reached  when  the  gov- 
ernor generator  reaches  the  preset 
speed.  If  additional  mechanical 
load  causes  the  speed  to  drop  be- 
low this  value,  the  grid  of  VT, 
swings  more  negative  and  VT, 
passes  still  more  clutch  excitation 
in  an  effort  to  maintain  its  preset 
speed. 

Combined  Motor  and  Clntch  Unit 

The  cross-Bection  view  in  Fig.  5 
shows  the  construction  of  a com- 
bination a-c  motor  and  adjustable- 
speed  magnetic  clutch  built  as  a 
single  unit.  The  field  poles  of  the 
motor  are  fixed  in  position.  The 
armature  of  the  motor  and  the 
outer  magnetic  circuit  of  the  clutch 
rotate  as  an  integral  unit  at  the 
fixed  rated  speed  of  the  motor, 
while  the  output  shaft  and  the 
inner  part  of  the  clutch  (carry- 
ing the  clutch  coil  and  the  slip 
rings  for  bringing  d-c  energizing 
power  to  this  coil)  rotate  at  the 
desired  output  speed  as  maintained 
by  the  governor  generator  on  the 
output  shaft  and  the  clutch-ener- 
gizing electronic  unit. 

The  output  speed  of  a magnetic 
clutch-motor  system  is  usually  a 
function  of  d-c  excitation  current 
and  load.  At  a fixed  load  and  exci- 
tation, the  speed  output  would  re- 
main fixed,  the  deviations  being  the 


result  of  temperature  changes  and 
air  gap  clearance  in  the  clutch.  In 
some  cases,  fixed  excitation  is  suffi- 
cient for  speed  control,  due  to 
natural  characteristics  of  the 
clutch. 

To  maintain  a speed  when  the 
torque  is  changed,  it  is  necessary  to 
vary  the  excitation  to  the  clutch.  If 
the  torque  requirement  is  increased, 
the  excitation  must  be  increased 
to  maintain  the  speed;  therefore 
the  use  of  an  electronically  con- 
trolled excitation  source  whose  out- 
put is  based  on  speed  is  desirable. 
This  control  is  so  arranged  that, 
when  the  speed  decreases  from  a 
predetermined  setting,  the  excita- 
tion current  increases;  or,  when 
the  speed  increases,  the  current  out- 
put decreases. 

A change  in  the  clutch  excita- 
tion causes  a practically  instan- 
taneous change  in  the  torque  being 
developed.  The  accompanying 
change  in  speed  will  depend  upon 
the  change  in  torque  and  also  the 
inertia  of  the  connected  load. 

Torquo  Control 

In  many  cases,  the  rate  of  ac- 
celeration must  be  limited,  or  in  the 
case  of  loads  which  have  a very 
high  moment  of  inertia,  a torque- 
limiting  system  is  required.  Torque 
control  may  be  adapted  to  any  ex- 
citation unit  applied  to  a clutch 
used  in  conjunction  with  an  a-c 
motor.  This  is  done  through  the 


use  of  an  additional  circuit,  shown 
inclosed  in  dotted  lines  in  Fig.  I 
Voltage  obtained  from  a curat 
transformer  inserted  in  one  motet 
lead  is  transmitted  to  amplifier 
tube  VT,  which  is  arranged  to 
limit  the  quantity  of  d-c  excita- 
tion to  the  clutch  when  a prede-  . 
termined  voltage,  determined  by 
the  setting  of  R„  is  reached. 

The  torque  control  circuit  will 
take  over  when  a sudden  speed 
change  is  made  by  the  speed-setting 
control  provided  the  horsepower  - 
output  limitations  of  the  motor  ire 
exceeded,  thereby  effecting  gradual  s 
acceleration.  In  order  to  make  the 
torque  limit  adjustable,  a small  ■ 
voltage  divider  R,  is  placed  in  the 
current  transformer  circuit  so  that 
the  machine  setting  may  be  easily 
adjusted. 


Aatl-Hnf  Clreilti 

The  success  of  such  an  electrical 
techanical  system  depends  upon 
re  anti-hunt  circuit  used.  A » 
acitor-resistor  combination  fa 
nd  C„  whose  time  constant  must 
e equal  to  the  time  constant  « 
lie  machine,  is  used  for  this  Pur 
ose.  To  operate  such  a system 
without  an  anti-hunt  circuit,  itm 
ecessary  to  make  the  system 
road  or  inefficient  with  the  res 
hat  the  fine  speed  control  charae- 
eristics  are  lost. 

Applications 

The  same  speed  control  may  ^ 
pplied  to  dynamometers,  the  ° • 
lifference  being  that  the  ft>n  _ 
s reversed.  Instead  of  ri' 
tome  device,  the  dynamometer 
Iriven.  Should  the  speed  en 
ncrease  over  a preset  him  , 
sxcitation  current  would  inc 
causing  more  horsepower  to 
sorbed  in  the  dynamometer, 
the  torque  would  be  shown 
suitable  scale.  tr0| 

Electronic  variable  speed  c 
mechanisms  are  available  as 
ird  equipment  for  motors  oi 
1 to  75  hp  rating.  A w 
mounted  d-c  exciting  uni 
been  designed  to  control  e ^ 
of  a 4000-hp  dynamometer, 
same  electronic  control  sys 
be  successfully  applied  *°^nslJJi], 
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FIG.  1— To  avoid  short-circuiting  the 
base-insulated  a-m  tower  and  to  pre- 
vent a-m  power  from  feeding  back  into 
ft*  f-m  transmitter  an  f-m  coupling  unit 
h used.  In  this  instance  it  is  mounted 
adjacent  to  an  a-m  coupling  unit  at  the 
base  of  the  tower 
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HG.  2— Breaking  the  concentric  f-m  an- 
**““  *»i«  end  inserting  circuit,  reso- 
wn*  at  the  a-m  frequency  provides 
iMlalion  at  the  a m frequency 


^RThen  an  f-m  antenna 
*»  mounted  on  a tower  which 
' “ed  as  an  a-m  antenna  it  is  nect 
to  provide  an  f-m  couplii 
w»t  at  the  base  of  the  tower, 
e tower  is  of  the  insulated  tyi 
ti  * C0®Plin8  unit  has  two  fur 

■;  is  tn  drst  tbese  functio 
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circ°it  used  a Par‘icular  case,  ti 
the  siie^j  dep*ntig  largely  upt 
and  ava, lability  of  the  r 
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Antenna  Coupler 


An  f-m  antenna  at  the  top  of  a base-insulated  tower 
used  as  an  a-m  radiator  is  fed  through  a concentric 
line  without  short-circuiting  the  tower.  The  coupling 
unit  which  accomplishes  this  is  described  in  detail 
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quired  components.  This,  in  turn, 
depends  chiefly  upon  the  voltage 
across  the  tower  insulator  at  the 
a-m  frequency.  Thus  it  is  not  pos- 
sible to  design  an  f-m  coupling  unit 
which  will  satisfactorily  meet  the 
requirements  of  all  installations, 
any  more  than  it  would  be  possible 
to  develop  a universal  a-m  coup- 


ling unit.  However,  the  fundamen- 
tal problem  is  the  same  in  all  cases, 
and  some  useful  ideas  on  the  best 
method  of  solving  it  can  be  ob- 
tained by  studying  typical  installa- 
tions. One  of  these,  the  f-m  coup- 
ling unit  at  WBRL,  Baton  Rouge, 
will  be  described  here. 

The  f-m  antenna  of  WBRL’  is 


The  concentric  line  feeding  WBRL-.  equare-Ioop  f-m  antenna  at  the  top  of 
WIBO'e  a-m  tower  in  purposely  left  loose  to  allow  lor  expansion  and  contraction. 
The  line  may  he  seen  running  up  from  the  right 
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FIG.  3 — Open-ended  concentric  lines  S, 
and  So  provide  a low-impedance  path 
ior  the  f-m  power 


mounted  on  the  top  of  a 500-ft  in- 
sulated, self-supporting  tower 
which  is  the  central  tower  of  the 
three-tower  directive  antenna  array 
of  a-m  station  WJBO.  The  latter 
operates  at  5 kw  on  a frequency  of 
1180  kc.  At  this  frequency  the 
tower  is  approximately  a half  wave- 
length high.  Thus  for  daytime  op- 
eration (non-directive)  when 
power  is  fed  to  this  one  tower  only, 
the  base  impedance  is  quite  high. 
The  f-m  coupling  unit  must  oper- 
ate satisfactorily  for  this  condi- 
tion, as  well  as  for  the  condition  of 
nighttime  operation  (directional) 
when  all  three  towers  are  used. 

The  Coupling  Problem 

The  f-m  coupling  unit  is  located 
adjacent  to  the  a-m  coupling  unit 
at  the  base  of  the  tower,  as  shown 
in  Fig.  1.  The  line  from  the  f-m 
coupling  unit  back  to  the  f-m  trans- 
mitter in  the  station  building  is  a 
concentric  line  with  its  outer  con- 
ductor grounded.  If  the  outer  con- 
ductor of  the  part  of  the  f-m  line 
running  from  the  f-m  coupling 
unit  to  the  tower  were  also 
grounded,  the  tower  insulator 
would  be  short-circuited.  The 
first  step,  therefore,  is  to 
break  both  the  outer  and  inner 
conductors  of  the  concentric  line 
and  insert  blocking  circuits  as 
shown  in  Fig.  2.  Here,  L,  and  C, 
form  a parallel-resonant  circuit 
tuned  to  present  a very  high  im- 
pedance at  the  a-m  frequency.  Com- 
ponents L,  and  C,  perform  a similar 
function. 

At  the  f-m  frequency,  the  block- 
ing circuits  have  a lower  but  not 
entirely  negligible  value  of  imped- 


FIG.  4 — In  the  final  f-m  coupler  circuit  quarter  wave  length  line  Ss  is  added  in 
order  to  effectively  ground  the  lower  end  of  circuit  C,L.  with  respect  to  a-m 
power.  This  iine  is  shorted  at  its  far  end 


ance  which  it  is  desirable  to  bypass. 
To  do  this,  concentric  lines  S,  and 
S3  are  connected  across  these  cir- 
cuits as  shown  in  Fig.  3.  These 
open-ended  lines  present  extremely 
low-impedances  at  their  near  ends 
when  tuned  to  ^-wavelength  at  the 
f-m  frequency  and  therefore,  pro- 
vide the  required  bypassing.  Inso- 
far as  the  a-m  frequency  is  con- 
cerned, lines  S,  and  Ss  simply  repre- 
sent small  capacitances  in  parallel 
with  Ci  and  C~  and  can  be  lumped 


Only  one  more  element  is  n 
to  complete  the  f-m  coupling 
rangement,  namely,  the  addition  o 
a grounding  line  Ss,  as  shown 
Fig.  4.  This  is  a quarter-wa’ 
length  of  concentric  line  shorted  at 
the  far  end.  Such  a line  presents  an 
infinite  impedance  at  the  near  end. 
Thus,  when  the  outer  conductor  of  | 
line  S«  is  grounded  and  the  inner 
conductor  connected  to  the  bottoffl 
of  L,C,  there  is  no  short-circ 
with  resnect  to  f-m  transmissii 


d 
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At  the  a-m  frequency,  however, 
length  of  concentric  line  is 


in  with  these  in  the  tuning  opera- 
tion. 


FLIG- 5—7,18  l m coupling  unit,  mounted  on  a baseboard  inelde  a doghouse  * 
the  bottom  Of  the  tower.  The  concentric  line  from  the  f-m  transmitter  com- 
bi diagonally  at  the  top.  The  concentric  line  from  the  coupler  to  the  f-m  antenoc 
goe.  out  through  a bowl-ineulator.  Liner  S,  S,  and  S,  drop  down  boo  » 
timed  cbcuil.  at  the  left.  The  a-m  coupler  is  within  the  rteel  cabinet,  the  W 
of  which  is  visible  in  the  foreground,  and  the  a-m  feeder  may  be  seen  p®*>»« 
out  through  a bowl-insulator  at  the  extreme  right 
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ively  very  short  and,  therefore,  the 
jottom  of  L,C,  is  effectively 
pounded  at  a-m  frequency.  This 
makes  the  blocking  action  of  the 
circuit  i.C,  much  more  effective. 

Contraction  of  tho  Conpling  Unit 

; The  components  of  the  f-m  coup- 
ling circuit  are  grouped  on  a base- 
board which  is  approximately  li-ft 
wide  and  6-ft  long.  This  assembly 
is  mounted  on  the  wall  inside  a 
•doghouse  adjacent  to  the  a-m  coup- 
ling unit,  as  shown  in  Fig.  5. 

: The  i-inch  concentric  line  from 
the  f-m  transmitter,  which  is  lo- 
cated in  the  transmitter  house  some 
300  ft  away  crosses  the  ceiling  of 
the  doghouse  at  an  angle  and  en- 
ters the  f-m  coupling  unit  at  the 
The  i-inch  concentric  line  to 
the  i-m  antenna  leaves  the  unit  on 
the  right  side  near  the  top  and 
passes  out  of  the  doghouse  through 
a glass  bowl  insulator.  This  insu- 
lator is  the  same  type  as  that 
through  which  passes  the  i-inch 
copper  pipe  that  forms  the  a-m 
antenna  feed  line. 

Outside,  f-m  and  a-m  lines  run 
side  by  side  to  the  lowest  brace  of 
.the  tower,  as  shown  in  Fig.  6 and 
Kg.  7.  At  the  tower,  the  pipe  which 
forms  the  a-m  line  is  solidly  at- 
tached, while  the  f-m  line  continues 
on  up  the  side  of  the  tower. 

0 Capacitors  C,  and  C,  are  Type  77 
Faradons.  Inductances  L,  and  L, 
^consist  of  53  turns  of  No.  12  solid 
x "ire,  tapped  every  second  turn.  The 
three  quarter-wave  lines  extend 
' '"'n  along  the  baseboard.  Since 
‘ter  conductors  of  two  of  these 
J S,andS.)  are  grounded  anyway, 
‘these  two 


are  mounted  directly  on 


rjr1  third7sT  is  above 

I lators  * ^ence  *s  moun^e^  on  insu- 
ring Procedure 

tuning  of  the  coupling  circuits 
ment.W°'8tep  process’  since  adjust- 

the  ne(^U8!  **  found  that  Permit 
at  t0  operate  as  squired 
Jcies  «•  * a"m  and  T-m  frequen- 

IS,  tength  of  the  lines 

weBMU,  , the  a'm  tuning  as 
settings  of  r^tUm.ng’  whereas  the 
a-«  tuni  l ^'  and  ^ affect  the 
^>«ake  ttH0lUy’itis  nece8SI 

J.  The  n adjustment  firs 


first 

f-m  fr«,r„  m tuninK  fo 
watt  cn, , ?y  18  88  follows:  . 

| ^ratal-controlled  r-f  g 

a-tc,aoNics_i 

i 1945 


FIG.  6 — Smd  from  outside  tho  dog- 
house: Concentric  f-m  line  at  the  right 
and  a-m  feeder  at  the  left  Tower  light- 
ing lines  are  carried  up  Inside  the  a-m 
feeder 


FIG.  7 — The  a-m  line,  at  the  right  ter- 
minates at  the  Brit  tower-brace.  A 
copper  bond  runs  around  tho  tower  at 
this  point  Tho  f-m  line  continues  up 
the  tower 


ator  operating  at  the  f-m  fre- 
quency is  connected  to  the  input  of 
the  network  where  the  line  from  the 
f-m  transmitter  normally  connects. 
A 70-ohm  load  in  series  with  an  r-f 
milliameter  is  connected  to  the  out- 
put of  the  network,  where  the  line 
to  the  antenna  is  normally  con- 
nected. The  lengths  of  the  lines  S, 
and  S,  are  then  varied  until  placing 
a direct  short  across  the  near  end 
of  either  of  these  lines  produces 
no  change  in  the  output-meter 
reading.  The  length  of  line  S,  is 
next  varied  until  connecting  or  dis- 


connecting this  line  from  the  net- 
work has  no  effect  on  the  meter 
reading.  In  other  words,  all  three 
lines  are  adjusted  so  that  they  act 
like  quarter-wave  lines  electrically 
even  though  they  are  physically 
somewhat  shorter  than  a quarter- 
wave  due  to  end  effects  and  the 
lumped  capacitance  of  the  end 
seals.  With  the  adjustments  thus 
made,  the  f-m  energy  passes 
through  the  coupling  network  with- 
out power  loss  and  without  causing 
reflections  on  the  line. 

The  procedure  in  tuning  for  the 
a-m  frequency  is  as  follows:  First, 
the  two  parallel  circuits  L,C,  and 
L,C,  are  adjusted  approximately  to 
resonance  at  the  a-m  frequency,  us- 
ing a low  power  oscillator  as  a 
driving  source.  Second,  the  net- 
work is  disconnected  from  the  con- 
centric-line section  feeding  the  an- 
tenna. The  a-m  transmitter  is 
turned  on,  the  a-m  coupling  circuit 
tuned  and  the  a-m  antenna  current 
noted.  Third,  the  outer  conductor 
of  the  concentric  line  section  run- 
ning up  the  tower  is  reconnected 
and  the  change  in  the  a-m  anten- 
na-meter reading  noted.  By  slight 
readjustment  of  the  tap  on  L,,  a 
point  is  found  at  which  making  and 
breaking  the  connection  to  the  outer 
conductor  of  the  line  has  no  effect 
on  the  reading  of  the  a-m  antenna 
meter.  Fourth,  the  inner  conduc- 
tor of  the  concentric  line  running 
up  the  tower  is  reconnected  to  the 
network  and  L,  is  adjusted  until 
connecting  and  reconnecting  has 
no  effect  on  the  a-m  meter  reading. 
When  this  is  achieved  the  f-m  line 
has  no  effect  on  a-m  operations. 

As  a final  check  on  the  operation 
of  the  WBRL  coupling  unit,  two 
types  of  field  tests  were  made.  The 
field  intensity  of  the  a-m  station, 
WJBO,  was  carefully  measured,  us- 
ing an  RCA  S08-A  Field  Intensity 
Meter,  at  several  points — both  with 
and  without  the  f-m  network  con- 
nected to  the  tower.  No  difference 
could  be  noted.  Also,  extended  ob- 
servations of  both  the  a-m  and  f-m 
signals  were  made,  with  high  modu- 
lation and  low  modulation  levels, 
using  a high-quality  receiver.  No 
trace  of  cross-talk  or  cross-modu- 
lation was  noted. 
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Induction  and  Dielectrics 
HEATING  EQUIPMENT' 


Tabular  comparison  of  technical  characteristics  and  initial  cost  per  kilowatt  of  output  K 
power  for  commercially  available  induction  and  dielectric  heating  equipment,  as  reported  I. 
to  Electronics  by  manufacturers.  Both  electronic  and  non-electronic  types  are  covered! 


PRIOR  TO  THE  ENTRY  of  the 
United  States  into  World  War 
II,  practically  all  high-frequency 
heating  was  accomplished  with  ex- 
perimental or  custom-built  units. 
However,  the  requirements  of  war 
production  and  the  greater  general 
acceptance  of  electronic  devices 
opened  new  market  possibilities 
until  now  there  is  available  a wide- 
range  of  high-frequency  heating 
equipment  in  standard  commercial 
models.  In  addition,  custom-built 
and  special  units  are  available  from 
nearly  all  of  the  standard  commer- 
cial-model manufacturers  to  meet 
special  requirements. 

Applications  for  high-frequency 
heating  divide  into  two  distinct 
groups:  (1)  induction  heating 

units  for  melting,  hardening,  braz- 
ing, soldering,  and  heat  treatment 
of  metallic  and  conducting  mate- 
rials, and  (2)  dielectric  heating 
units  for  heating,  dehydrating, 
sterilization,  or  cooking  of  non- 
conducting materials  such  as  to- 
bacco, wood  products,  food,  agri- 
cultural products,  cereals,  and  the 
like.  In  some  cases  a given  high- 
frequency  heating  unit  ma?  be  used 
for  either  dielectric  or  induction 
heating.  However,  it  is  more 
general  practice  to  designate  a 
unit  as  a dielectric  heating  unit 
or  an  induction  heating  unit  since 
the  frequency  range,  circuit  design, 
and  power  output  electrodes  differ 
rather  widely  in  the  two  types  of 
applications. 

Four  different  types  of  equip- 
ment are  in  common  use:  (1)  ro- 
tating machines,  producing  fre- 
quencies up  to  about  10,000  cycles 
pe$  second  and  suitable  only  for 
induction  heating,  (2)  mercury- 
arc  frequency  converters  by  which 
power  at  ordinary  power  line  fre- 


quencies is  converted  into  frequen- 
cies in  the  range  of  1,000  to  3,000 
cps,  (3)  spark-gap  equipment  in 
which  a-c  power  is  converted  into 
oscillations  at  frequencies  that  can 
range  from  about  10  to  600  kc,  by 
means  of  a high-voltage  trans- 
former, spark  gap,  and  oscillatory 
tuned  circuits,  and  (4)  vacuum- 
tube  oscillators  in  which  the  con- 
version from  power-line  frequen- 
cies to  frequencies  ranging  from 
about  60  kc  to  200  Me  is  effected 
by  air  or  water-cooled  vacuum-tube 
oscillators. 

Performance  Comparisons 

The  primary  purpose  of  this  sur- 
vey is  to  promote  more  extensive 
use  of  high-frequency  industrial 
heating  equipment  by  providing 
(so  far  as  possible)  a listing  of  the 
more  important  technical  character- 
istics of  various  types  of  available 
commercial  equipment  (Table  I). 
Unfortunately,  available  technical 
data  on  commercial  units  cannot 
always  be  correlated  on  a compara- 
ble basis. 

The  nominal  power  input  values 
required  for  full  rated  load  are 
given  in  the  table  where  this  data 
was  available,  with  these  input 
values  being  for  optimum  load 
matching  in  most  instances.  The 


TABLE 

II.  COST-PER-KW  COM  PARI- 

Pow«f 

SON  FOR  EQUIPMENT 

Output 

Vacuum  Tuba 

in  kw 

Units 

Othar  Typas 

1 

to  S2200 

S 

S50O  to  Si  500 

5 

S2S0  to  SI  OOO 

Si  50  to  S250  pot  kw 

10 

S250  to  Si  000 

up  to  20  kw 

20 

S250  to  S700 

50 

Si  SO  to  S700 

100 

200 

500 

1000 

SI  00  to  S500 

Rotating  machlnat  cost 

from  SO  to  1000  kw 

no-load  power  input  to  the  equip- 
ment is  usually  considerably  less 
than  the  nominal  power  input  value 
given  and  for  tube  equipment  may 
be  of  the  order  of  about  10  per- 
cent of  the  value  given.  The  power 
input  may  be  considerably  varied, 
by  the  power  factor  of  the  system, 
the  power  output  and  effectiveness 
of  the  load  coupling  method. 

The  power  output  given  is  tie 
maximum  nominal  power  output 
under  load  conditions,  assuming 
efficient  coupling  between  the  gen- 
erator and  load.  When  the  du  y 
cycle  is  such  that  maximum  output 
power  is  used  only  a small  fraction 
of  the  time,  output  ratings  may  « 
exceeded  with  some  units. 

The  rotating  machine  types  and 
the  mercury-arc  frequency  conver- 
ter operate  at  audio  frequencies, 
with  the  highest  value  for  to 
ing  machines  being  about  1 . 
cps  at  present.  Such  low  freque 
cies  are  used  for  induction  m 
of  metals  and  for  induction 
ing  throughout  the  entire  mass 
conducting  materials. 

Most  of  the  vacuum-tube  equ  p- 
ment  for  induction  heating  oi* 
ates  either  at  frequencies 
100  and  600  kc  or  in  the  reg  _ 
from  2 to  6 Me.  The  lower  f* 
quency  band  is  usually  emp  • 
for  surface  heating  operaf1®113’ 
hardening  and  similar  apphe® 

In  dielectric  heating  generaW  ; 


the  operating  frequency  is 
in  the  neighborhood  of  20  to  ^ 
although  equipment  operating 
to  200  Me  is  available. 

Most  manufacturers  suppff 
necessary  accessories  sue 
put  coils,  work  tables,  and 
equipment,  in  order  to  assu 
the  installation  operates  sa 
fnrilv  nnH  P.fficiently.  At 


110 


August  1945  — 


ELECTRON'01 


Digitized  by 


Google 


TABLE  I — MANUFACTURERS  OF  INDUCTION  AND  DIELECTRIC  HEATING  EQUIPMENT 


Name  of 
Manufacturer 

Type  of  Type  of 
Heating  Generator 

Power 

Input 

Power 

Output 

Output 

Frequency 

Name  of 
Manufacturer 

Type  of  Type  of 
Heating  Generator 

Power 

Input 

Power 

Output 

Output 

Frequency 

1 AJasEledrothenuk  Induction  Spark  Gap 

3 kw 

2 kw 

40-80  Ice 

Induction  Heating 

Induction  Vac  Tube 

20  kva 

10  kw 

375  kc 

Com.,  Aiax  Port, 

UkSoi  SmACmp 

6 kw 

4 kw 

40-80  kc 

Corporation, 

Induction  Vac  Tube 

38  kva 

20  kw 

375  kc 

Trenton,  N.  J. 

Induction  Spark  Gap 

20  kw 

15  kw 

10-40  kc 

389  Lafayette  St, 

Induction  Vac  Tube 

76  kva 

40  kw 

375  kc 

Induction  Spark  Gap 

40  kw 

30  kw 

10-40  kc 

New  York,  N.  Y. 

Dielectric  Vac  Tube 

10  kva 

3.5  kw 

10-35  Me 

Induction  Rot  Mach. 
Induction  RoL  Mach. 

— 

50  kw 
100  kw 

1,  3,  or  10  kc 
1,  3,  or  10  kc 

Dielectric  Vac.  Tube 

20  kva 

12.5  kw 

10-35  Me 

Induction  Rot  Mach.  175  lew  1,  3,  or  10  kc 

Induction  Rot  Modi.  250  lew  1,3,  orlOkc 

Induction  Rot  Mock.  350  kw  1 , 3,  or  1 0 kc 

Induction  Rot  Mndi.  700  kw  1,3,or10kc 

Indnetion  Rot  Mack.  1200  kw  1,3,  or  10  kc 

Alb-Oulman  Indnetion  Marc.  Arc  300  kw  1000-3000  epe 

Mil.  Co.,  Indnetion  Marc.  Arc  600  kw  1 000-3000  epa 

Mlhreekec,  Wbc.  Indnetion  Marc  Arc  750  kw  1 000-3000  epe 

Induction  Marc  Arc  1000  kw  1 000-3000  epe 

Induction  Vac  Tuba  35  leva  20  kw  400-500  kc 

Induction  Vac.  Tuba  65  leva  50  kw  400-500  kc 

Induction  Vac  Tnba  130  leva  100  kw  400-500  kc 


AnaricaaTypo  Induction  Spark  Gap  16  kw  15  kw  100-300  kc 

Foaadm,  Indnetion  Indnetion  Spark  Gap  30  kw  

Hub*  Division, 

UtioaCky,  N.  J. 

Bolur 4 Williamson,  Vacuum  tuba  types  up  to  25  kw  output,  for  botk  Induction 
!35  Fairfield  Avc,  and  dlalnctrk  kaatint,  on  a custom  basis  only  at  present 
Upper  Derby,  Pa. 

Wd  Induct! oa  Heath*,  Rotatinf  typos  For  indnetion  heath*,  on  a custom 

■e.,  11*11  Charlevoix  basis  at  present,  includlnt  complete  accessories  and 
Are.,  Detroit  14,  Mich.  toolii*. 


Feco  High  Fra-  Induction  Spark  Gap 
qseacy  Electric  Induction  Spark  Gap 
Indnetion  Spark  Gap 
Hubos  Wvd.,  Induction  Spark  Gap 
Nw6  Betyen,  N.  J.  Induction  Spark  Gap 
Induction  Spark  Gap 
Induction  Spark  Gap 
Induction  Spark  Gap 
Induction  Vac  Tube 
Induction  Vac  Tube 

F«deol  Electric  Induction  Vac  Tube 
Co.,  lac.,  Chicago  Induction  Vac  Tube 


50-500  kc 
50-500  kc 
50-500  kc 
50-500  kc 
50-500  kc 
50-500  kc 
50-500  kc 
50-500  kc 
50-500  kc 
50-500  kc 


10  leva  5 kw 
32  kva  1 5 kw 


Telephone 
* Radio  Corp., 

| 3^1  BroedSt. 


Sr-owo., 

•“tfcwlwy, 


Jhoii  tool  WMfcl, 
N.  Kttfa 


: Vac  Tuba 
: Vac  Tube 
: Vac  Tube 
: Vac  Tube 
: Vac  Tube 
i Vac  Tube 
i Vac.  Tube 
i Vac.  Tube 
• Vac.  Tube 
i Vac  Tuba 
i Vac  Tube 
i Vac.  Tube 

c Vac  Tube 
c Vac  Tube 
e Vac  Tube 
e Vac  Tube 
c Vac  Tube 
e Vac.  Tube 
e Vac  Tube 
c Vac.  Tube 
e Vac  Tube 
e Vac  Tube 
c Vac  Tube 

e Vac  Tube 
c Vac  Tuba 
c Vac  Tuba 
« Vac.  Tube 
i Vac.  Tuba 
" Vac.  Tuba 
n Vac.  Tuba 
" Vac.  Tube 


1 kw 

3.8  kw  2.5  kw 


10-27  Me 
10-27  Me 
10-27  Me 
2 ft  6.65  Me 
2 ft  6.65  Me 
2 ft  6.65  Me 
2 ft  6.65  Me 


Intra-Therm  Corp.,  Vacuum  tuba  types  for  dielectric  kaatint,  In  sizes  ranflnf 
Third  and  Kao  from  1 to  250  kw  output  power  and  frequencies  from  10  to 
Way,  Des  Moines  100  Me 
9,  Iowa 


Lcpel  Hith 

Frequency 

Laboratories, 

39  West  60th  St, 
New  York,  N.  Y. 


Ohio  Crankshaft 
Co.,  3800 
Harvard  Avc., 
Cleveland,  Ohio 


Radio  Corp.  of 
America,  RCA 
Victor 

Division,  Camden, 
New  Jersey 


Radio  Receptor  Co., 
251  West  19th  St, 
New  York,  N.  Y. 


"S"  Correlated 
Quenched  Gap  Co., 
Scientific  Electric 
Division, 

111  Monroe  St, 
Garfield,  N.  J. 


Westinthouse 
Electric  Corp., 

East  Pittsburgh,  Pa. 


Induction  Spark  Gap  4 kw 
Induction  Spark  Gap  7.5  kw 
Induction  Spark  Gap  1 5 kw 
Induction  Spark  Gap  30  kw 
Induction  Vac.  Tube  2.2  kw 
Dielectric  Vac.  Tube  0.5  kw 
Dielectric  Vac.  Tube  2.2  kw 
Dielectric  Vac.  Tube  5 kw 


Induction  Rot  Mach.  1 5 hp 
Induction  Rot  Mach.  25  hp 
Induction  Rot  Mach.  50  hp 
Induction  Rot  Mach.  90  hp 
Induction  Rot  Mach.  1 30  hp 
Induction  Rot  Mach.  175  hp 
Induction  Rot  Mach.  225  hp 
induction  Rot  Mach.  275  hp 
Induction  Rot  Mach.  310  hp 
Induction  Vac.  Tube  25  kw 

Dielectric  Vac.  Tube  800  w 
Induction  Vac.  Tube  2.2  kw 
Dielectric  Vac.  Tube  5.5  kw 
Induction  Vac.  Tube  5.5  kw 
Dielectric  Vac.  Tube  40  kw 
Induction  Vac.  Tube  40  kw 
Dielectric  Vac.  Tube  110  kw 
Induction  Vac.  Tube  135  kw 
Dielectric  Vac.  Tube  225  kw 
Induction  Vac.  Tube  260  kw 

, Dielectric  Vac  Tube 

Dielectric  Vac  Tube  

Dielectric  Vac.  Tube  

Dielectric  Vac.  Tube 

Dielectric  Vac  Tube  

Dielectric  Vac.  Tube  

Dielectric  Vac.  Tube 

Dielectric  Vac  Tube  

, Dielectric  Vac  Tube  

Dielectric  Vac  Tube  

Induction  Vac  Tube  

Induction  Vac  Tube  

Induction  Vac  Tube  

induction  Vac.  Tube  

Induction  Vac  Tube  

Induction  Vac  Tube  

Induction  Vac.  Tube 

Induction  Vac.  Tube  

Ind.  ft  Vac.  Tube  

Dial. 

Dielectric  Vac.  Tube  6.25  kv 
Ind.  or  D.  Vac.  Tube  11  kva 

Ind.  or  D.  Vac.  Tube  21  kva 

Ind.  or  D.  Vac  Tube  43  kva 

Induction  Vac.  Tube  95  kva 
Induction  Rot  Mach.  

Induction  Rot  Mach.  

Induction  Rot  Mach.  

Induction  Rot  Mach.  

Induction  Rot  Mach.  

Induction  Rot  Mach.  


2.8  kw 

150-450  kc 

5.2  kw 

1 50-450  kc 

10.5  kw 

150-450  kc 

21  kw 

150-450  kc 

— 

350  kc 

150  w 

80  Me 

900  w 

14  Me 

2.3  kw 

14  Me 

7.5  kw 

9600  cpi 

15  kw 

9600  cpi 

30  kw 

9600  epe 

50  kw 

9600  epe 

75  kw 

9600  epe 

100  kw 

9600  epe 

125  kw 

9600  epe 

150  kw 

9600  cpt 

200  kw 

3000  epe 

20  kw 

450  kc 

100  w 

200  Me 

750  w 

400  kc 

2 kw 

27.4  Me 

2 kw 

400  kc 

15  kw 

2,  5,  or  10  Me 

15  kw 

400  kc 

60  kw 

13.7  Me 

75  kw 

400  kc 

125  kw 

13.7  Me 

1 50  kw 

400  kc 

500  w 

5,15, or  30  Me 

1 kw 

5,15, or  30  Me 

2.5  kw 

5, 1 5,  or  30  Me 

5 kw 

5, 1 5,  or  30  Me 

7.5  kw 

5, 1 5,  or  30  Me 

15  kw 

5,15,  or  50  Me 

30  kw 

5, 1 5,  or  30  Me 

3 kw 

15-40  Me 

5 kw 

15-40  Me 

8 kw 

1 5-40  Me 

5 kw 

200-600  kc 

7.5  kw 

200-600  kc 

10  kw 

200-600  kc 

12.5  kw 

200-600  kc 

18  kw 

200-600  kc 

25  kw 

200-600  kc 

40  kw 

200-600.  kc 

60  kw 

200-600  kc 

1 kw 

300  kc  ft  10 

Me 

i 2 kw 

5,15, or  30  Me 

5 kw 

0.45,  5,  15,  or 

30  Me 

10  kw 

0.45,  5,  15,  or 

30  Me 

20  kw 

0.45,  2,  or  10 

Me 

50  kw 

0.45  Me 

50  kw 

3000  ft  9600 

epe 

75  kw 

9600  cpt 

100  kw 

3000  ft  9600 

epe 

125  kw 

9600  epe 

150  kw 

3000  epe 

200  kw 

3000  epe 

(ap^l80"!6  0f  11113  equipment 
:■  ®ore  f the  work  coiIs)  are 

fiL  'eM  CU8t°">  built. 

i-:: ; differ  i„8teJarfUS  make8  of  units 
; compiexitveir  ^uudsmental  designs, 
: and  accea^.; aity  of.manufacture, 
•*’  Provide-.  *?’  ll  13  difficult  to 
’ overall  eqmtab'e  comparison  of 
;»  **  of  various  types  of 


generating  equipment.  Usually  di- 
rect consultation  with  the  manu- 
facturer, outlining  specifically  and 
completely  the  problem  to  be  met 
by  the  generating  equipment,  is  re- 
quired in  order  that  reasonably 
accurate  cost  estimates  can  be 
made.  However,  on  the  basis  of 
commercial  equipment  now  avail- 


able and  installations  now  in 
operation  it  is  possible  to  indicate 
a range  of  probable  costs  of  such 
equipment,  as  in  Table  II.  As 
given  here,  the  cost  applies  only  to 
the  generating  equipment  anfl  is 
based  on  the  cost  per  kilowatt  of 
output  rating  for  the  various  types 
of  generators  now  in  use. — B.  D. 


Digitized  by ' 


FIG.  1 — Effect  of  filament  voltage  on 
characteristics  of  a 6SN7GT/G  tube 


The  quest  for  a stable  d-c  ampli- 
fier is  an  old  one,  and  will  prob- 
ably continue  as  long  as  tube  char- 
acteristics wander  with  changes  in 
voltage  and  temperature.  A rapidly 
expanding  literature  on  the  subject 
gives  evidence  that  considerable 
progress  has  been  made  in  over- 
coming drifts  and  instabilities 
usually  associated  with  d-c  ampli- 
fiers. As  their  advantages  in  cer- 
tain applications  become  more  ap- 
parent, still  further  progress  is  to 
be  expected. 

It  was  originally  intended  that 
this  article  would  be  a few  brief 
notes  describing  a new  type  of  d-c 
amplifier,  but  for  a number  of  rea- 
sons these  original  notes  have  been 
expanded  to  include  a discussion  of 
the  causes  of  drift,  and  also  a brief 
description  of  various  methods  of 
either  neutralizing  or  preventing 
it.  The  original  use  of  this  new 
amplifier  has  become  of  secondary 
importance  in  comparison  with  its 
adaptation  as  a cathode-ray  deflec- 
tion amplifier.  As  square-wave  test- 
ing and  electronic  switching  tech- 
niques are  more  widely  adopted, 
this  and  other  applications  for  d-c 
amplifiers  will  become  increasingly 
more  important.  Accordingly,  it  is 
felt  that  a more  general  survey  of 
d-c  amplifiers  is  justified  at  this 
time. 

An  attempt  has  been  made  to  pro- 
vide relatively  complete  references 
to  literature  on  the  subject.  How- 
ever, it  is  possible  that  important 
references  have  been  omitted  be- 
cause the  available  material  is 
widely  scattered. 

Causei  of  Drift 

There  are  three  primary  causes 
of  zero  or  steady-state  drift  in  the 
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usual  d-c  amplifier  circuit.  The  first 
of  these,  and  the  one  easiest  to 
eliminate,  is  drift  due  to  changes 
in  the  plate  supply  voltage.  This 
can  be  balanced  out  by  either  of  two 
methods : by  complete  regulation  of 
the  B supply,  or  by  devising  a tube 
circuit  in  which  the  plate  current  is 
exactly  proportional  to  the  B volt- 


age. Where  regulation  of  the  B 
supply  is  the  method  chosen  it  can 
usually  be  carried  to  as  high  an  ac- 
curacy as  needed,  though  this  re- 
sults in  a rather  bulky  unit. 

The  second  method  is  to  be  pre- 
ferred wherever  possible,  for  it  per- 
mits the  use  of  an  unregulated  volt- 
age supply.  It  can  be  readily  seen 


(c)  Cathode  Compensation 


(a)  Bleeder  Cascaded 


(b)  Potentiometer  Coupling 


El=E*  2Rp  + Rj 

when  T,  and  Tz  ore  simitar 

and  /«R2  = Rp  balance. 
Medium  drift.  Compensated 
for  E-f  but  not  for  Rp  or  Eg. 


E9t  lRP,+R/R2(^H)JiR3+R4> 
when  (R.  + R4)  » R,. 

High  drift.  Not  balanced 
for  Ef.Rp.or  EB.  Easily 
cascaded  on  common  EB. 
Amplification  varies 
with  Rp. 


when  bleeder  current  is 
much  higher  than  Ip. 

Very  high  drift.  Not  bal- 
anced tor  Ef,Rp,  or  Eb. 
Cascade  on  common  bleeder. 
Amplification  varies 
with  Rp. 


Can  be  cascaded  on  common 
bleeder.  Amplification 

varies  with  Rp. 


hode  and  B Supply 

Compensation 


(d)  Electrometer  Tube 
Circuit 

Low-drift.  Accurate  balance 
for  Efl  and  tube  Rp  for 
short-time  use.  Cannot  be 
cascaded.  Of  interest  for 
sensitive  galvanometer 
deflection. 


(e)  Emission  Compensation 

Medium  drift.  R,  adjusted 
so  grids  I and  4 have  egual 
but  opposite  gm.  Compen- 
sated for  Ef  and  ECjbut 
not  EBand  ECj.  Can  be 
cascaded  on  bleeder. 
Amplification  varies 
with  Rp. 
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FIG.  2 Fundamental  and  compensated  d-c  amplifier  circuit* 


ID-C  AMPLIFIERS 


that  when  the  plate  current  of  a 
■'  tube  is  exactly  proportional  to  the 
B voltage,  then  the  voltage  devel- 
oped between  the  plate  of  this  tube 
and  a proper  tap  on  a B supply 
bleeder  will  remain  zero  as  the 
B voltage  vhries.  A bridge  balance 
is  thus  substituted  for  an  accurately 
regulated  source  of  plate  power. 

The  other  two  causes  of  drift  are 
directly  related  and  result  from 
changes  in  cathode  temperature. 
The  first  of  these — contact  poten- 
tial—is  the  most  troublesome,  and 
has  an  effect  similar  to  a change  in 
grid  bias  as  cathode  temperature 
changes.  This  same  change  in  cath- 
ode temperature  will  also  cause  the 
equivalent  plate  impedance  of  the 


tube  to  vary.  But  these  two  charac- 
teristics do  not  change  by  a defi- 
nitely fixed  amount  with  cathode 
temperature.  They  both  have  ra- 
ther large  components  interrelated 
with  plate  current  and  plate  volt- 
age. 

Where  the  tube  is  used  only  in 
the  center  of  its  linear  range,  and 
excursions  in  plate  current  due  to 
signals  are  small,  then  the  R,  of 
the  tube  can  be  considered  constant 
and  the  effect  of  these  two  variables 
lumped  and  treated  as  a shift  in 
grid  bias  with  cathode  temperature. 
Where  the  operating  conditions  are 
not  so  limited,  both  must  be  consid- 
ered. This  is  readily  seen  in  the 
voltage-current  equations  of  a tube. 


(a)  Parallel  Balance 

L>  _ -MR,  ■ 

E9  *p*lt|(/i+0+R^ 

Low  drift.  Zero  balanced 
for  changesln  E,  and  Rp. 
Cannot  be  cascaded  on 
common  bleeder.  Gain 
varies  with  change  in  Rp. 


<d)  Series  Balance 
with  Loaoi 

h Rp*2R,*2R, 

^Jowdrlft  2er„  bo,,. 
and  R L' ln  E“ 

On  be  cascaded 

common  bleeder. 

Rories  with  change 


(b^  Volt-OKmyst  Type 
- of  Parallel  Balance 

ia  = 

Eg  Rp+(R2+2R,)(/i+l)+R, 

Low  drift.  Zero  balanced 
for  changes  in  EB  and  Rp. 
Gain  varies  with  change  in 
Rp.  Not  easily  overloaded 
as  a meter  amplif  ier. 


p) 

iRj 

•R, 

k 

(e)  Series  Balance 
without-  Load 

4*  e9  2 

Drift  and  bolance  same 
as  (d).  Can  be  cascaded 
on  common  bleeder. 

. Gain  constant  with 
changes  in  Rp,and 
varies  with  /j.  only. 


(c)  Parallel  Balance 
with  Bleeder  Return 

.la  

Eg  2lRp‘R,0url)  + R2j 

Drift  and  balance  poorer 
than  (a).  Can  be  cascaded 
on  common  bleeder. 
Gain  varies  with  change 

in  Rp. 


(f ) Modified  Series 
Balance,  Low  Gain 

7 m+2 

LoW  drift.  Zero  balanced 
for  change  in  EB  and  Rp. 
Gain  less  than  unity, 
but»constant  as  Rp 
varies.  Useful  as  a 
driver  stage. 


^ Fundamental  circuits  of  balanced  d-c  amplifiers 
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Percent  Change  in  Heater  Voltage 


FIG.  3 — Characteristic  of  cathode-com- 
pensated d-c  amplifier  circuit  shown  in 
Fig.  2 (c) 


It  is  usual  to  express  the  voltage- 
current  equation  of  a tube  as  fol- 
lows 


-m- 

For  a limited  operating  range  in 
the  linear  portion  of  the  tube 
curves,  the  exponent  n can  be  con- 
sidered to  be  unity,  and  R,  can  be 
considered  as  the  slope  of  the  E,/i, 
curve  at  this  point.  This  is  usually 
written  then  as 

Ep  -*  ipRp  — pEg  (2) 

The  contact  potential  drift  can  then 
be  added  as  a voltage  Vlt  varying 
with  filament  voltage,  to  give  the 
expression 

Ep  = ipRp  — n E,  + iiVf  (3) 

This  equation  can  be  used  over  a 
limited  range  in  deriving  the  ex- 
pression for  overall  performance  of 
an  amplifier,  and  will  give  a reason- 
ably accurate  indication  of  the  drift 
to  be  expected  as  Vt  changes.  It  is 
so  used  in  deriving  the  balance  con- 
ditions and  gain  equations  for  a 
number  of  the  d-c  amplifier  systems 
described  later. 

That  Eq.  (3)  cannot  possibly 
hold  over  any  large  range  of  volt- 
age variations  is  shown  by  the  tube 
curves  in  Fig.  1.  This  set  of  curves 
was  taken  on  one  of  the  triodes  in 
a 6SN7GT/G  tube  of  average  g„. 
The  curves  are  definitely  moved  to 
the  left  in  the  linear  range  by  an 
increase  in  filament  voltage,  and 
this  gives  some  weight  to  the  use  of 
the  contact  potential  drift  voltage 
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Load  Resistance  in  Ohms 


FIG.  S — Variation  of  amplification  with 
load  reeistance  ior  a single  triods  stage 
and  a two-tube  series-balanced  stage. 
In  both  instances  no  bypass  capacitor 
was  used  on  the  cathode  bias  resistor 

V,  assumed  in  Eq.  (3).  But  account 
is  not  taken  of  the  fact  that  the 
slope  of  the  curves  also  changes, 
for  apparently  Rr  has  decreased  as 
E , was  increased.  What  has  actually 
happened  in  Eq.  (1)  for  this  change 
in  filament  voltage  is  that  the  ex- 
ponent n has  changed,  for  the 
tangent  point  of  intersection  of  the 
curves  in  Fig.  X has  not  shifted  ap- 
preciably. The  two  sets  of  curves 
become  more  nearly  parallel  at  the 
higher  values  of  1„  so  Eq.  (3)  be- 
comes increasingly  more  accurate 
as  /,  increases. 

From  these  tube  curves  and  equa- 
tions it  may  be  seen  that  while 
drifts  due  to  B supply  are  a first- 
order  effect,  those  due  to  cathode 
temperature  are  considerably  more 
complicated,  and  greater  care  in  de- 
sign is  necessary  for  their  elimina- 
tion. 

The  four  general  classifications 
of  d-c  amplifiers  are  (a)  simple 
cascaded  amplifiers,  (b)  modula- 
tion systems,  (c)  compensated  d-c 
amplifiers,  and  (d)  bridge-balanced 
d-c  amplifiers.  Each  type  will  be 
briefly  described  in  turn  here. 

Simple  Cascaded  Amplifier 

In  the  simple  cascaded  amplifier, 
succeeding  stages  are  usually 
stepped  up  a B supply  bleeder,  or 
coupled  with  a potentiometer  di- 
vider with  consequent  loss  in  gain. 
These  are  illustrated  in  Fig.  2(a) 
and  2(b)  and,  supplied  with  unreg- 
ulated voltages,  are  notorious  for 
drift.  They  are  seldom  used  with- 
out some  form  of  correcting  or  com- 
pensating system. 

One  form  of  drift  control  can  be 
obtained  by  adding  100-percent  de- 
generative feedback  to  obtain  a 
current  amplifier  with  unity  volt- 
age gain.  This  circuit  is  so  applied 


in-  a commercial  sensitive  microam- 
meter.1 

The  circuit  in  Fig.  2(b)  has  been 
used  in  various  ways  with  feedback’ 
and  with  correction  for  the  loss  in 
voltage  gain,’- 4 but  in  either  case 
careful  regulation  of  plate  and  fila- 
ment supplies  is  required  to  elimin- 
ate drift. 

Modulation  Systems 

While  modulation  systems  are 
not  strictly  d-c  amplifiers,  they  are 
so  used  in  many  applications  and 
have  considerable  merit.  In  this 
type  the  d-c  signal  to  be  amplified 
modulates  a carrier  wave,  and  after 
sufficient  amplification  the  wave  is 
detected  to  obtain  the  amplified  sig- 
nal. Such  systems  are  well  known 
and  the  literature  is  fairly  com- 
plete.4,  *• 1 

Where  the  required  frequency 
response  is  very  high,  these  sys- 
tems become  awkward  because  the 
high  carrier  frequency  requires 
elaborate  shielding.  It  is  therefore 


more  limited  in  its  application 
than  the  two  types  that  follow. 

In  a modified  form,  the  input  sig- 
nal  itself  is  chopped.  This  can  he 
done  by  a light  shutter  for  photo- 
tube amplifiers,  or  by  vibrators  or 
tubes  for  other  types  of  signals.’ 

In  compensated  d-c  amplifiers 
some  variable  characteristic  of  the 
amplifying  tube  is  balanced  against 
the  same  variations  in  another  tube, 
or  against  a different  characteristic 
of  the  same  tube.  This  system  com- 
pensates for  contact  potential  drift 
in  the  cathode-coupled  amplifier 
system,  as  illustrated  in  Fig 
2(c)."'  ”•  u-  ” When  used  with  an 
accurately  regulated  power  source 
a stable  system  results. 

Compensated  D-C  Amplifiers 

This  cathode-compensated  ampli- 
fier can  be  considerably  unproved 
and  still  greater  freedom  from  drift 
obtained  if  the  input  voltage  in- 
cludes a tap  on  the  B supply  bleeder 
at  the  value  of  E,/ii,  as  shown  in 


FIG  8 e!o!,;bala”Ced  dc  ampU1‘6r  circuit  arranged  lor  feeding  a pair  ^ 
c inq  electrodes  in  a cathode-ray  tube  of  an  oscilloscope 
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Fig.  2(f).  This  addition  makes  the 
zero-signal  output  current  directly 
proportional  to  plate  voltage.  When 
the  output  is  then  returned  to  the 
proper  point  on  the  bleeder,  the  ef- 
fect of  changing  E,  is  eliminated, 
and  the  plate  supply  need  not  be 
regulated. 

The  drift  characteristic  of  ampli- 
fiers of  this  type  as  compared  to  a 
conventional  amplifier  is  shown  in 
Fig.  S.  The  balance  obtained  is  a 
tangential  one,  and  holds  over  only 
a limited  range  of  filament  supply 
variation.  For  this  reason,  even 
with  E,  compensation  as  in  Fig. 
2(f),  only  a limited  supply  voltage 
change  can  be  allowed  if  resetting 
of  the  zero  point  is  to  be  avoided. 

By  a fortunate  choice  of  con- 
stants this  compensation  for  fila- 
ment and  plate  voltage  can  be  ob- 
tained in  the  amplifying  tube  itself, 
as  in  the  electrometer  tube  cir- 
cuits* ” One  form  of  this  circuit 
is  shown  in  Fig.  2(d).  As  this  cir- 
cuit cannot  be  readily  cascaded,  it 
is  chiefly  of  interest  for  use  with  a 
sensitive  galvanometer. 


Compensation  for  changes  in 
emission,  whether  due  to  heater 
voltage  change  or  to  a random  ef- 
fect, can  be  obtained  in  a pentagrid 
type  of  tube  as  shown  in  Fig.  2(e)”. 
Here  the  value  of  R,  is  adjusted  to 
make  grids  1 and  4 have  equal  but 
opposite  transconductance  to  the 


plate,  and  the  compensation  ther 
fore  includes  all  circuit  elemen 
common  to  both  grids,  but  does  n 
include  the  plate  supply.  In  th 
circuit,  as  in  the  cathode-compe 
sated  circuits,  with  the  two  contr 
finds  having  equal  but  opposite  e 
fects  on  the  plate  current,  signs 
be  applied  to  either  grid,  or 
ooth  at  the  same,  time  to  obtain 
differential  amplifier.  If  grid  4 

*S  reburned  to  a tap  on 
cs  er  across  the  plate  supply,  co 
ration  for  changes  in  E,  will  1 
obtamed  in  a manner  similar 
2(f)  aP!>  *e^  *°  *be  circuit  in  Fi 


h‘!e  this  brief  resume  ol 
K*  7 syste«s  is  not  cor 
* “'bides  the  better  known 

“d  wlU  serve  to  illustral 
Ration  for  filament 

Stii:ed’andshowtha 

usual!*  k *?r  p*ate  suPPl; 
bility.7  ^ added  for  increase 
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FIG.  7 — RCA  327A  oscilloscope,  which 
uses  a series- bo  lanced  d-c  amplifier 
circuit 


FIG.  8 — Circuit  illustrating  use  of  the 
modified  series-balanced  low-gain 
driver  stage  of  Fig.  4 (f)  to  obtain  push- 
pull  output  from  single-ended  input 

A distinction  is  made  between 
compensated  and  bridge-balanced 
d-c  amplifiers,  for  in  bridge-bal- 
anced circuits  all  variables  in  -the 
amplifying  arm,  including  tube 
characteristics  and  supply  voltages, 
are  balanced  against  similar  vari- 
ables in  a second  arm  of  the  bridge. 
Thus  if  the  parameters  of  the  non- 
amplifying arm  vary  in  the  same 
manner  as  those  in  the  amplifying 
arm,  a complete  balance  for  E„  E„ 
R,  and  contact  potential  is  obtained. 
While  it  may  be  argued  that  no  two 
tubes  will  balance  for  all  of  these 


changes,  it  has  been  found  experi- 
mentally that  such  a balance  is  no 
more  difficult  to  obtain  than  the 
balance  for  contact  potential  alone 
as  used  in  the  compensated  circuits. 

■rldga-Balaaced  D-C  Amplifiers 

The  advantages  of  this  type  of 
balance  are  that  regulation  of  plate 
and  filament  supplies  becomes  un- 
necessary except  where  extreme 
precision  is  required,  and  the  bal- 
ance holds  for  any  part  of  the  tube 
curves.  Operation  becomes  less 
critical  and  more  consistent. 

The  conventional  type  of  bal- 
anced d-c  amplifier  is  shown  in 
Fig.  4(a).  It  is  the  equivalent  of 
returning  the  output  voltage  to  a 
bleeder  in  which  the  bleeder  pro- 
portioning changes  in  the  same 
manner  as  the  amplifying  tube. 
This  type  of  amplifier  will  balance 
perfectly  if  the  two  tubes  remain 
identical  in  characteristics  as  sup- 
ply voltages  change.  It  is  often 
used  in  tube  voltmeter  circuits.” 

A modification  of  this  circuit,  in 
Fig.  4(b),  is  found  in  the  well- 
known  Volt-Ohmyst  circuit  for 
voltage  and  resistance  measure- 
ments.” While  having  some  of  the 
features  of  the  cathode-coupled  cir- 
cuits, the  main  balance  is  still  be- 
tween the  two  tubes  in  parallel, 
with  the  common  coupling  resistor 
R,  assisting  in  maintaining  a con- 
stant zero  position. 

Neither  of  these  two  circuits  can 
be  cascaded  as  shown,  and  both  are 
most  useful  as  meter  amplifiers, 
etc.  Where  higher  gain  is  required 
than  one  stage  will  give,  the  circuit 
in  Fig.  4(a)  can  be  modified  to 
that  in  Fig.  4(c)  to  allow  cascad- 
ing. The  output  then  is  returned 
to  the  B supply  bleeder  and  addi- 
tional stages  can  be  stepped  up  the 
bleeder  in  the  usual  manner.  In 
this  case  the  gain  per  stage  has 
been  cut  in  half  from  that  of  the 
circuit  in  Fig.  4(a),  and  the  high- 
frequency  response  has  been  im- 
paired by  the  high  value  of  series 
resistors  R,  that  feed  the  out- 
put. For  proper  balance  the  cir- 
cuit requires  that  four  pairs  of  re- 
sistors as  well  as  the  tubes  remain 
constant  and  it  will  therefore  have 
slightly  more  drift  than  the  cir- 
cuit of  Fig.  4(c)  under  similar 
conditions. 

These  disadvantages  in  Fig.  4(c) 
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FIG.  9 — -Alternative  method  ol  using  a series-balanced  d-c  amplifier  for 
oscilloscope  deilection 


can  be  eliminated  and  several  im- 
portant advantages  gained  by  shift- 
ing Ta  and  its  cathode  resistor 
over  to  replace  the  plate  resistor  for 
2\  as  shown  in  Fig.  4(d)  and 
4(e).1"  Here  the  balance  is  no 
longer  for  tubes  in  parallel,  but 
rather  in  series,  and  both  pass  the 
same  plate  current  at  the  zero-sig- 
nal position.  The  balance  for 
changes  in  E„  and  R„  is  more 
nearly  perfect  than  in  Fig.  4(a), 
4(b),  and  4(c).  A differential 
change  in  contact  potential  between 
the  two  tubes  will  shift  the  zero 
position  as  in  any  other  balanced 
arrangement,  but  with  the  same 
plate  current  in  each  tube  this 
effect  is  much  less  pronounced  than 
in  the  parallel  systems. 

If  the  value  of  load  resistor  R, 
is  low,  somewhat  higher  amplifica- 
tion will  be  obtained  with  the  cir- 
cuit in  Fig.  4(d)  than  with  the 
simplified  version  in  Fig.  4(e).  In 
Fig.  4(d)  the  load  current  flows 
through  the  cathode  resistor  of  Ta 
in  a regenerative  direction.  How- 
ever, for  all  practical  purposes,  if  a 
load  resistor  equal  to  or  greater 
than  the  Rp  of  the  tubes  is  used, 
there  is  little  difference  and  the 
simpler  arrangement  of  Fig.  4(e) 
with  its  fewer  parts  is  preferred. 

In  both  Fig.  4(d)  and  4(e)  the 
cathode  resistor  of  T,  is  usually 
made  variable  as  a balance  adjust- 
ment. The  range  of  adjustment  is 
purposely  made  small,  dtl5  percent 
from  the  value  of  the  cathode  re- 
sistor of  the  upper  tube.  Under 
these  conditions  it  has  been  found 
that  if  can  be  set  within  this 
range  so  that  E.  = 0 with  no  in- 
put to  the  grid  of  T„  the  two  tubes 
are  sufficiently  well  matched  for  all 
practical  purposes,  and  hold  this 
balance  over  very  wide  changes  of 
filament  and  plate  voltages.  When 
properly  balanced  in  this  manner 
a sensitive  voltmeter  can  be  con- 
nected across  E0  and  will  show  no 
deflection  even  when  the  line  volt- 
age supplying  filament  and  plate 
power  is  switched  off  and  on. 

A third  arrangement  of  the  se- 
ries-balanced system  is  shown  in 
Fig.  4(f).  Here  the  upper  grid  is  re- 
turned to  the  bleeder  instead  of  to 
the  plate  of  T„  and  the  voltage 
gain  is  reduced  to  slightly  less  than 
unity.  This  is  useful  as  a current 
amplifier  for  meters,  or  as  a driver 
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stage  for  a succeeding  cascaded 
push-pull  arrangement  discussed 
later.  Its  drift  is  slightly  more 
than  the  true  series  systems  of 
Fig.  4(d)  and  4(e),  but  is  still 
very  low. 

In  Fig.  5 a comparison  is  given 
between  the  voltage  gain  of  a 
series-balanced  stage  and  of  a sin- 
gle tube  used  in  the  usual  manner. 
The  tubes  were  6F5  in  both  cases, 
with  1000-ohm  self-biasing  cathode 
resistors,  not  bypassed.  For  low 
values  of  load  resistance  the  bal- 
anced stage  will  give  higher  gain, 
but  for  high-resistance  loads  the 
single  tube  has  the  greater  ampli- 
fication. The  upper  limit  of  gain 
for  the  balanced  stage  is  p/2,  or  BO 
in  this  case,  and  it  reaches  very 
nearly  this  value  with  loads  three 
or  more  times  the  plate  resistance. 

Oscllloicope  Deflection  Amplifier. 

Two  types  of  deflection  amplifiers 
have  been  built  using  the  basic 
series-balanced  amplifier  circuits 
shown  in  Fig.  4(d),  4(e),  and  4(f). 
The  first  of  these  is  shown  in  Fig. 
6 and  is  used  with  minor  modifica- 
tions in  the  RCA-327A  Oscilloscope 
shown  in  Fig.  7. 

output  stage  consists  of  four 
6SF5  tubes  in  push-pull  balance 
and  supplied  from  a 600-volt  power 
supply,  non-regulated  and  only 
half-wave  rectified.  This  stage  is 
driven  from  T„  a 6J5  used  as  a 


phase  inverter.  The  inverter  j 
stage  obtains  its  plate  power  from 
the  bleeder  on  a second  d-c  source 
of  120  volts,  again  unregulated  j 
and  half-wave  rectified.  The  input 
stage,  employing  6SF5  tubes  for 
T,  and  Tly  draws  plate  power  from  j 
the  same  low-voltage  bleeder  that 
feeds  the  phase  inverter.  This 
bleeder  is  10,000  ohms  and  has  I 
fixed  taps  providing  the  voltages  | 
shown.  No  bypassing  is  used  he-  I 
tween  any  taps  on  the  bleeder.  This  1 
prevents  any  one  section  from  hal- 
ing a different  time  delay  on  bui  • 
up  or  decay  with  a changing  1® 
voltage.  Half-wave  rectifying  wf 
the  two  power  supplies  is  Poss*  ® 
because  all  hum  is  balanced  ■ 
for  the  zero-signal  condition,  a® 
rises  to  only  a few  percent  w 
sweeping  a nine-inch  screen. 

The  process  of  balancing  the  a» 
plifier  is  simple,  and  the  oath  * 
ray  tube  itself  is  used  as  the  m 
cator.  The  two  load  resistors,  w 
and  U, „ are  shorted,  and  the  ze 
position  of  the  cathode-ray  SP° 
is  marked.  The  grid  of  T,  is  * 
shorted  to  minus  600  volts  an  ^ 
short  on  J?,.  removed.  “ * 
justed  to  bring  the  spot  back  1 
zero  position.  Then  the  grid  0 ‘ 
is  shorted  to  minus  600  volte, 
short  on  Ra  removed,  and 
justed  to  recenter  the  spot. 

The  output  stage  is  now  balance 
and  the  phase  inverter  can  e 


A„90.f  IMS-  ELECTRONICS 


Digitized  by 


Google 


- justed.  Short  R,  so  the  inverter 
has  zero  input,  remove  the  short 
between  the  grid  of  T,  and  minus 
600  volts,  and  adjust  R,  to  center 
the  spot,  then  remove  the  short  on 
the  grid  of  T.  and  adjust  R.  to 
again  center  the  spot.  Now  with 
the  input  control  at  zero,  the  short 
across  R,  can  be  removed  and  if, 
finally  adjusted  to  center  the  spot 
again.  The  entire  amplifier  is  now 
i balanced  and  ready  for  use. 

1 The  amplifier  as  described  will 
have  a flat  response  from  pure 
direct  current  to  over  20,000  cycles. 
By  the  addition  of  the  five  capaci- 
tors shown  in  dotted  lines,  the 
upper  limit  is  raised  to  over  100,- 
000  cycles.  The  values  of  these 
1 are  determined  by  the  circuit  con- 
stants and  the  various  capacitances 
to  ground. 

" In  use  this  amplifier  shows  re- 
0 markable  stability  of  image,  there 
being  no  breathing  with  widely 
changing  line  voltages,  and  no 
capacitance  couplings  to  cause 
transients  that  jump  the  image  off 
the  screen  on  change  of  input. 
Turning  off  the  power  and  later 
turning  it  on  causes  the  image  to 
fade  out  and  then  fade  in  without 
appreciably  changing  location  on 
the  screen. 

It  has  been  found  that  with  the 
oscilloscope  in  daily  use  for  many 
hours  at  a time  any  readjustment 
of  balance  was  unnecessary  for 
periods  of  six  months  or  more,  and 
the  spot  position  over  this  time 
and  from  cold  to  hot  never  varied 
over  0.1  inch.  As  the  deflection 


sensitivity  is  approximately  I 
™t  per  inch,  this  shows  an  ovi 
all  long-time  drift  of  not  over 
Mllivolts  as  referred  to  the  inp 
When  it  is  considered  that  ordina 
a es  and  resistors  are  used  a 
that  neither  plate  nor  filament  si 
Plms  are  regulated,  this  perfor 
nce  “«omes  remarkable. 

P'A-MI  Driver  for  Oscilloscope 

Dlit 8econ^  type  of  deflection  a 
5S  Was  bui‘t  with  the  sta 

is  mZ“'  ,m  “ * p",h-'> 

push.n  ii Dlethod  °f  obtain! 
in  d?t  -i from  this  driver  is  shot 
!i£?  “ Pi*-  8.  Here  t 
current  r6  l'  PaSSes  the  fuU  P*! 

As  the  vrirt  d m 8eri' 

the  B sunni  0fJ*  is  connected 
ppIy  Weeder,  it  forms 


Ionics  ms 


cathode  drive  for  T,  At  the  same 
time  the  second  half  of  the  output 
stage  has  the  lower  cathode  re- 
turned to  the  bleeder  and  the  lower 
grid  is  driven  by  7\.  Thus  T,  and 
T,  are  driven  in  opposite  phase  to 
obtain  push-pull  output.  While  the 
balance  of  zero  position  is  correct 
with  this  type  of  drive,  the  two  out- 
put voltages  En  and  E. , are  not 
quite  the  same,  but  differ  by  the 
ratio  of  (/t  + 1 )//x.  However,  this 
is  not  serious,  as  it  amounts  to  only 
three  percent  with  6SH7  tubes  as 
triodes  in  the  output  stage.  This 
is  as  close  to  a true  balanced  push- 
pull  as  is  ordinarily  obtained  in  any 
circuit  unless  the  tubes  are  espe- 
cially picked. 

The  complete  deflection  amplifier 
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PIG.  10 — Effect  of  variation*  In  power 
supply  voltage  on  drift  In  the  oscillo- 
scope deflection  amplifier  of  Fig.  9 


FIG.  11 — Series-balanced  amplifier  used 
as  a light  meter 


FIG.  12— Derivation  of  series-balanced 
conditions  in  an  amplifier 


with  this  drive  system  is  shown  in 
Pig.  9.  This  second  system  has  the 
advantage  over  the  first  that  the 
two  plate  power  sources  are  con- 
nected plus  to  minus  rather  than  at 
an  intermediate  point  as  in  Fig.  6. 
Thus  both  upper  and  lower  supplies 
can  be  obtained  from  a single  power 
transformer  winding.  In  addition 
the  driver  stage  has  nearly  unity 
gain,  rather  than  a 2 to  1 loss  as 
in  the  phase  inverter,  so  additional 
sensitivity  can  be  obtained. 

This  amplifier  was  built  with 
6SJ7  tubes  for  T,  and  T,  and  6SH7 
tubes  for  T„  T„  Tt,  T„  and  T,.  All 
were  connected  as  triodes  with  sup- 
pressor and  shell  connected  to  cath- 
ode, and  screen  to  plate.  The  four 
bleeder  voltages  ab,  be,  cd,  and  de 
are  equal,  and  in  this  case  300  volts 
each.  The  three  capacitors  shown 
dotted  bring  the  flat  response  up 
to  250,000  cycles,  with  a slow  drop- 
off above  this.  The  amplifier  is 
usable  at  500,000  cycles  with  about 
fifty  percent  of  the  deflection  at 
zero  frequency  or  direct  current. 

Comparison  of  Oscilloscopo  Circuits 

The  balance  conditions  obtained 
with  the  circuit  of  Fig.  9 are  not 
quite  as  good  as  in  the  first  method 
because  tube  T , must  balance 
through  T.  and  T,  in  series,  but 
the  spot  is  still  within  0.2  inch  of 
its  cold  position  after  an  eight-hour 
run.  The  deflection  sensitivity  is 
less  than  for  Fig.  6,  as  tubes  with 
a lower  are  used  to  get  better 
high-frequency  response. 

One  precaution  is  necessary  here 
that  was  unnecessary  with  the  first 
amplifier;  namely,  adjustment  of 
the  time  constants  of  the  two  power 
supplies  to  be  equal  and  thus  pre- 
vent breathing  with  line  voltage 
changes.  As  upper  bleeder  ede  has 
the  heavier  tube  load  across  it,  the 
overall  value  of  Ru  and  Ra  must  be 
somewhat  less  than  the  sum  of  R<*, 
R,„  and  R,„.  The  value  is  easily 
determined  by  using  a Variac  in  the 
supply  line,  and  adding  additional 
load  from  a to  c until  breathing  is 
eliminated  with  sudden  line 
changes.  Once  determined,  a fixed 
load  can  be  put  across  a to  c,  as 
this  is  not  critical  and  need  not  be 
made  variable  for  future  adjust- 
ments. 

The  drift  performance  of  this  am- 
plifier with  changes  in  line  volt- 
age is  shown  in  Fig.  10,  where  the 
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equivalent  input  in  millivolts  is 
plotted  against  the  power  line  volt- 
age. Between  the  line  voltage  lim- 
its of  105  to  140  volts  this  drift  is 
only  =>=2.5  millivolts,  and  represents 
a spot  movement  of  =t0.008  inch  on 
the  nine-inch  screen.  This  is  con- 
siderably better  than  is  obtained 
with  most  a-e  deflection  amplifiers 
even  with  carefully  regulated  plate 
supplies. 

Both  of  these  deflection  ampli- 
fiers are  shown  without  the  usual 
centering  control.  The  resistor  R, 
is  used  for  centering  in  either  case 
by  throwing  the  amplifier  off  bal- 
ance the  required  amount  to  move 
the  zero  position  of  the  spot  any- 
where on  the  screen.  This  is  an 
instantaneous  movement  and  does 
not  have  the  high  time  delay  of 
motion  obtained  with  the  centering 
control  on  an  a-c  deflection  ampli- 
fier. 

In  both  amplifiers  the  second 
anode  of  the  cathode-ray  tube  is 
above  ground,  by  375  volts  in  Fig. 

6 and  by  900  volts  in  Fig.  9.  This 
voltage,  therefore,  adds  to  the  usual 
high  negative  voltage  supplying  the 
cathode  of  the  cathode-ray  tube  to 
give  the  total  cathode-to-anode  ac- 
celerating voltage.  The  reason  for 
not  grounding  the  second  anode  is, 
of  course,  to  allow  one  side  of  the 
signal  input  to  be  grounded. 

Photoelectric  Light  Meter 

One  interesting  application  of 
the  series-balanced  circuit  should 
be  noted.  This  is  a light  meter 
that  can  be  calibrated  as  an  ex- 
posure meter  or  the  like.  The  cir- 
cuit in  Fig.  11  is  almost  self-ex- 
planatory, for  the  two  tubes  are 
operated  as  in  the  other  circuits 
described,  but  with  a-c  plate  supply. 
The  phototube  is  connected  grid  to 
grid  to  obtain  additional  amplifi- 
cation. The  two  grid  resistors  are 
equal  and  one  megohm  each,  and 
the  meter  is  one  milliampere  full 
scale.  R,  is  500  ohms  and  R,  is  400 
ohms  fixed  and  200  ohms  variable. 

With  this  arrangement  and  with 
an  RCA  918  phototube,  a full-scale 
deflection  can  be  obtained  with  0.1 
lumen  through  a l-inch  diameter 
aperture.  Other  scales  can  be  pro- 
vided by  switching  meter  shunts, 
grid  resistors,  or  apertures.  As  no 
transformers  or  rectifiers  are  used, 
a compact  instrument  results. 
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Sample  Algebraic  Treatameat 

The  algebraic  derivation  of  the 
relationship  of  output  to  input  volt- 
ages in  the  circuits  shown  is  simple 
when  Eq.  (3)  is  used  to  represent 
tube  performance.  As  an  example, 
the  formula  for  the  series-balanced 
amplifier  in  Fig.  4(d)  can  be  de- 
veloped as  follows: 

Consider  the  .circuit  as  shown  in 
Fig.  12  with  the  contact  potential 
drift  of  each  tube  inserted  as  the 
voltage  v in  each  cathode  lead.  It 
is  assumed  for  both  tubes  T,  and 
T,  that  these  two  voltages  v,  as  well 
as  the  tube  constants  n and  R„  are 
equal  for  the  balanced  condition. 

Under  these  conditions  the  volt- 
age across  the  tube  Tx  will  be,  ac- 
cording to  Eq.  (3) 


e,i  - iiRp  — — v — tifli] 

(4) 

Then 

et  **  «pi  + ti#i  + iiRs  + v 

— ii[  Rp  + t*R\  + R\  + Rs]  + 

9 U + 1]  — 

(5) 

But 

ii  = U + ii 

(6) 

and 

E b =■  ei  -f- 

(7) 

Combining  Eq.  (5),  (6),  and  (7) 
and  solving  for  i, 

£«  — o(ji  + 1)  + /j*e 

■ — — it  (Rp  4-  mB,  + Bi  + Rt  + fl») 

R,  + + B,  + R,  W 

Now,  also  by  Eq.  (3),  the  voltage 
across  T,  is 


tpi  = hRp  — /u[o  — iiR,  — p]  (9) 

Substituting  for  i,  its  value  from 
Eq.  (6) 


Cjc  “ u\Rp  + /tfljl  + itfiRt  4- 

®[m  + 1]  (10) 

Now  e,  ■=  e*  + v + itf,  (11) 

and  ijit  (12) 

Combining  Eq.  (10),  (11),  and 
(12)  and  solving  for  t. 


it 


Rb  - v(n  -f  1)  - uImJZi  - B.I 

Rr  4-  mB,  4-  B,  (13-> 


Now  Eq.  (8)  and  (13)  can  be 
set  equal  to  each  other  to  solve  for 
is,  but  it  can  also  be  seen  that  both 
Eb  and  v will  cancel  out  of  the  ex- 
pression for  i,  if  the  two  denomi- 
nators are  equal.  For  this  to  be 
true 


4-  R,  = nfi,  4-  Bi  4-  r,  (14) 

and  the  simplest  method  of  making 
Eq.  (14)  true  is  with 

Rt  = R,  and  R,  = 2 R,  (15) 

Under  these  conditions,  combining 
Eq.  (8)  and  (13)  gives 

i,  ££• 

Rp  + 2 B,  -I-  2B,  (16) 


and  the  voltage  e,  must  therelotf 
be 

PCpRt 


Rp  4“  2Bi  4-  2Bt 


1 


The  circuit  now  balances  so  tiul 
the  output  voltage  e.  is  directly  pnj 
portional  to  e„  and  is  not  affect* 
by  contact  potential  v or  plate  sum 
ply  voltage  2 Et  (as  long  as  e,  rel 
turns  to  the  center  of  the  B supj 

ply)- 

One  interesting  thing  brouglfl 
out  in  Eq.  (13)  is  that  when  the  loii 
resistor  Rt  has  the  critical  value  ofl 
Rp  = ixR„  the  current  t,  through  if 
does  not  change  with  signal,  buj 
holds  a constant  value,  and  only 
and  ip  change  with  signal 

When  the  load  resistor  ft  N 
comes  infinite,  Eq.  (17)  reduces  tw 
the  simplest  form  and  has  the  high|J 
est  gain 


- n*v/2 


4 


This  same  simple  algebraic  treaty 
ment  has  been  used  to  derive  the| 
expressions  given  under  the  cir- 
cuits shown  in  Figs.  2,  4 and  ° 
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Typical  inductor  iron-core  shapes. 
In  the  uper  right  comer  is  a 
Hlpersil  loop;  the  others,  recog- 
nisable from  their  shapes,  are 
E-E,  M,  E-I.  F and  L laminations 
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Inductor  Calculations 


From  analytic  development,  equations  for  the  conditions  at  which  inductor  Q will  be 
31  lts  highest  are  derived.  Using  these  equations,  core  and  coil  dimensions  for  an  iron- 
cored  inductor  are  calculated  and  the  effects  of  varying  its  parameters  are  studied 
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all  pertinent  equations,  making  a 
few  simplifying  assumptions  so  that 
all  the  variables  that  enter  into 
them  will  be  analytic.  These  equa- 
tions are  substituted,  one  into  an- 
other, and  the  result  then  differen- 
tiated and  equated  to  zero  in  such  a 
manner  as  to  obtain  the  optimum 
design  conditions.  Thus,  although 
the  final  design  equations  are  suit- 
able for  blind  substitution  of  the 
given  coil  parameters  and  direct  so- 
lution for  the  remaining  param- 
eters, they  will  be  based  on  mathe- 
matical development. 

Design  equations  for  direct  sub- 
stitution simplify  such  design  prob- 
lems as  determining  the  manner  in 


which  each  coil  dimension  affects 
the  coil  Q,  and  thus  aid  in  deter- 
mining the  changes  in  design  that 
will  lead  to  the  required  inductor 
improvements. 

The  utility  of  the  equations  has 
been  tested  in  design  by  comparing 
the  calculated  with  the  measured 
characteristics. 

The  development  will  be  directed 
toward  finding  an  answer  to  the  fol- 
lowing problem. 

Given:  Required  inductance 

Maximum  allowable  coil 
dimensions 
Operating  voltage 
Operating  frequency 
No  d-c  in  the  coil 

To  find,  for  a condition  of  opti- 
mum Q : 

Number  of  turns 
Wire  size 
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Lamination  size  and  stack 

Lamination  material 

Q 

Effect  of  parameters  on 
Q and  inductance 

Micftr  Construction 

Generally  speaking,  inductors 
used  in  communication  equipment 
such  as  wave  filters  include  a coil 
of  wire  that  is  wound  over  a suit- 
able form  in  a manner  described 
elsewhere.1  The  coil  is  mounted 
over  an  iron  core  which  among 
other  forms  may  comprise  a to- 
roidal dust  core,  Hipersil  loop,  con- 
ventional E-I  laminations,  or  any 
one  of  the  innumerable  other  lam- 
ination forms  and  shapes,  none  of 
which  affects  the  design  procedure. 

A popular  and  easily  available 
shape  is  the  scrapless  E-I  lamina- 
tion. These  are  so  called  because 
two  Es  and  two  Is  are  stamped 
simultaneously  from  a single  blank 
as  shown  in  Fig.  1(a),  with  no 
scrap.  Fig.  1(b)  gives  the  dimen- 
sions of  a choke  coil  utilizing  scrap- 
less laminations  of  such  a quantity 
as  to  provide  a square  cross-sec- 
tional area  of  magnetic  path.  These 
laminations  are  described  in  greater 
detail  in  manufacturers’  handbooks.’ 


Table  I. — Symbols  for  coil  and 
core  parameters  used  in  the  text 

A — Effective  aow-MCtlonel  wee  of  mefnetk- 
II  ux  petit,  in  square  indies 
At  — Gross  o oss- sectional  area  of  magnetic  petit, 
i n square  Indies 

« — Empirical  constant,  sea  Eq.  (1 ) 

0 — Maximum  flax  density  within  the  core,  in 
maxwells  par  square  inch 
c — Area  of  coil  conductor.  In  square  inches 
F — Fraction  of  core-window  area  occupied  by 
copper  wire  of  coil 
— Frequency,  in  cycles  per  second 
g — Actual  gap  length,  in  indies 
— Current  throufh  coil,  in  amperes 
k — Empirical  constant,  see  Eq.  (1 ) 

L — ] nductance  of  Iron-cored  coil.  In  henrys 
— Mean  lenfth  of  mafnetic  path,  in  inches 
L'  — Length  of  coil  conductor,  in  indies 
m — Mean  length  of  a turn  of  the  coil.  In  inches 
mA  — Incremental  permeability  of  core  with  resped 
to  air  at  operating  frequency,  in  gilberts 
per  inch 

N — Number  of  turns  in  coil 
n — BJkS  wire  size  number  of  conductor 
R,^ — Apparent  alternating-current  coil  resistance 
caused  by  core  loss,  in  ohms 
Rd-o—  Copper-loss  resistance,  in  ohms 
R'  — Reluctance  of  air  gap  assuming  no  fringing, 
i n gilberts  per  maxwell 

p — Resistivity  of  conductor,  on  ohm-inches 
(0.67SS  X 10-«  for  copper) 

— Total  lamination  window  area,  in  square 
I nches 

i — Tongue  width,  in  indies,  see  Fig.  1(a) 

V — Voltage  across  coil,  in  volts 
w — Weight  of  core.  In  pounds 
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A magnetic  path  of  square  cross- 
section  is  desirable  because  it  can 
be  shown  that  for  a given  cross- 
sectional  area  of  magnetic  path,  the 
rectangular  configuration  which 
gives  the  shortest  mean  length  per 
turn  of  wire  is  a square.  Due  to 
burrs  and  scale  on  the  laminations, 
the  effective  or  net  cross-sectional 
area  of  the  stack  and  tongue  width 
is  about  0.9  of  this  product. 

Laminations  may  be  stacked  by 
interleaving,  or  by  stacking  all  the 
E pieces  in  the  same  direction,  and 
butting  the  I pieces  against  them  as- 
shown  in  Fig.  1(b).  If  an  air  gap 
is  required,  a nonmetallic  gap 
spacer  of  proper  thickness  is  in- 
serted in  the  joint  between  each  E 
and  I,  and  the  assembly  mechan- 
ically clamped  together.  The  coil  is 
always  designed  to  fill  the  window 
of  the  closed  lamination,  as  Fig. 
1(c)  indicates. 

Davnlopmniit  of  Dtilga  Equation 

At  a given  set  of  conditions  of 
frequency  and  voltage  the  equiva- 
lent circuit  of  an  iron-cored  in- 
ductor may  be  represented  by  Fig. 
(2).  i?,_,  is  a fictitious  value  of  re- 
sistance which,  if  multiplied  by  the 
square  of  the  coil  current,  will  give 
the  core  loss  of  the  inductor.  Thus, 
the  losses  in  the  inductor  may  be 
represented  by  PRa.c  + PR._r,  where 
PRt-c  includes  copper  losses,  and 
PR «-*  includes  core  losses. 

In  developing  design  equations, 
we  will  first  derive  expressions  for 
the  alternating-current  and  direct- 
current  resistances  of  the  inductor. 
By  combining  these  two  resistance 
equations  with  the  equation  for  the 
Q of  the  inductor,  we  will  obtain 
the  design  equations. 

To  determine  the  alternating-cur- 
rent resistance  let  us  assume  that 
core  loss  of  an  inductor  can  be  ex- 
pressed in  the  form 

Pci  = kBa  watts  per  pound  (1) 

Quantities  represented  by  symbols 
used  in  this  and  subsequent  equa- 
tions are  given  in  Table  I.  Total 
core  loss  in  the  inductor  is  then 

P = kBaw  watts  (2) 

But  by  Ohm  3 law,  core  loss  is  also 
given  by 

P = PR  *— « watts  (3) 

Equating  Eq.  (2)  and  (3)  and  solv- 
ing  for  we  obtain 

R* — c = kBaw/I7  ohms  /d\ 


FIG.  1 — (a)  layout  tor  stamping 
leu  E-I  lamination..  (M  Flo.  * 
assembly  ol  core  from 
(c)  Elevation  of  completed  tranifo™1  j 
showing  coil  wound  on  con 


FIG.  2— Equivalent  circuit  oi  i»»*^ 

Inductor  at  a fixed  frequency 

age 


ince  the  Q of  the  coil  wil]  “s  , 
e greater  than  10,  practical 
rror  is  introduced  by  setting  ^ 
/ =>  V/lrfL  amperes  . ,4] 

ubstituting  Eq.  (6)  in 
nd  solving,  we  obtain  a 

= 39 .5kB‘w(fL/ 10’ ohms 
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Direct-current  resistance  of  any 
_ conductor  can  be  represented  by 
the  equation 

Kd_,  = pL'/e  ohms  (7) 

~ Where  L'  can  be  found  from 

V = mN  inches  (8) 

For  any  coil  the  conductor  cross- 

sectional  area  can  be  computed 
from  the  winding  window  area  by 
e « tF/N  square  inches  (9) 

Substituting  Eq.  (8)  and  (9) 
into  Eq.  (7)  and  solving  for  the 
' direct-current  coil  resistance  we 
" Sad  that 

Si*  - (mfly«F)0.6788  X 10~«  ohms  (10) 
The  basic  equation  for  induced 
emf  in  a coil  is  V = A.AAfNBA  x 
• 10"*  volts,  or 

V m (V/i.iifBA)lV  turns  (11) 

3 Substituting  Eq.  (11)  into  Eq.  (10) 

- we  obtain 

fit.  - («/«?)  (V/fBA)'  X 3.44  X lC 

ohms  (12) 
Equations  (6)  and  (12)  give  us 
the  alternating-current  and  direct- 
current  resistances  of  the  inductor 
in  terms  of  primary- design  param- 
_ eters. 

i Inductor  design  is  to  be  such  that 
the  Q will  be  as  high  as  possible. 

' ® ‘s  ?iven  by  the  definition 

#=2t/£ /(R^  + R^)  (13) 

It  is  apparent  that  Q wiU  be  a 
muimum  when  (R.„  + R,.c)  js  a 
minimum.  Differentiating  (R,.c  + 

% K‘  ’}  with  respect  to  B,  setting  the 
. erivative  equal  to  zero,  and  solv- 

- for  B will  give  the  value  of  B 
' at  optimum  operation.  Thus 

+ R^,)  . 

dB  ~ 0“ 

393o tfi*-%(/z,/y)t  _ 

>'  , ( r/fBA)*B  X 6.88  X 10« 

Iring  this  expression  for  B we 


b-  ri7-4wF‘x  lo«i  ■/<■  + » 
L <*icf‘(LA)hF  J 

““weils  per  square  inch 

Air  Cap  Calcslations 


;?nce  per  f°°t  of 
at  20°C  may  be  writter 

irf0><rToh,“perfoot 

n - il  Wlre  S12e  we  fi 

l^tance  f 0W“  eXpression 

(R'  + I/mAv 

^imately^886  R'  may 
rely  expressed  as 

ELECTROnics~a.sm#  „„ 


where  g is  the  width  in  inches  of 
the  actual  air  gap  between  E and  I 
pieces  at  the  butt  joint.  This  neg- 
lects fringing.  Roters*  has  devel- 
oped a method  for  computing  air 
gap  reluctance  which  takes  fringing 
into  account.  By  this  means  g may 
be  corrected  analytically.  For  or- 
dinary manufacturing  purposes  all 
that  is  required  is  a general  idea  of 
gap  size,  and  the  approximate 
method  will  usually  be  found  quite 
sufficient.  As  a matter  of  fact,  after 
the  coil  is  manufactured  and  as- 
sembled the  gap  is  adjusted  so  that 
the  coil  inductance  will  be  exactly 
the  value  desired. 

Substituting  the  foregoing  ap- 
proximate value  of  R'  in  Eq.  (17) 
we  obtain  for  gap  width 

t - {N*AJ2L)  3.19  X 10-*  - 

(M,/2pAA)  inches  (18) 

Measured  Quantities 

Experimentally  obtained  curves 
for  k and  a for  a number  of  mag- 
netic materials  are  given  in  Fig. 
(3)  and  (4)  respectively.  These 
curves  are  obtained  as  follows.  A 
sample  stack  of  the  material  to  be 
tested  is  obtained  and  a coil  of  any 
convenient  size  and  number  of 
turns  is  mounted  over  the  core. 
The  core  is  butt  stacked  with  a gap. 
Inductance  and  Q of  the  test  unit 
are  measured  at  a number  of  repre- 
sentative voltages — enough  to  cover 
a sufficiently  wide  range  of  flux 
densities — for  several  values  of  fre- 


quency as  parameters.  (The  author 
has  used  a General  Radio  imped- 
ance bridge  with  good  results.) 

The  effective  resistance  as  ob- 
tained from  Eq.  (13)  is 

Sw  + fld-o  = 2 rfL/Q  (19) 

Rt-c,  the  direct-current  resistance 
of  the  coil  is  easily  measured.  R,.c, 
the  effective  alternating  current  of 
the  coil  can  then  be  computed  from 
Eq.  (19)  using  the  measured  value 
of  Q. 

To  determine  core  loss,  coil  cur- 
rent is  obtained  from  I = V/2 it  fL 
where  V is  the  sinusoidal  voltage 
measured  directly  across  the  coil 
after  the  bridge  has  been  balanced. 
Obviously  the  input  impedance  of 
the  voltmeter  used  for  this  meas- 
urement should  be  much  greater 
than  2icfL.  Knowing  the  coil  cur- 
rent, the  core  loss  can  be  calculated 
from  Eq.  (3).  The  core  should  be 
weighed  or  its  weight  computed  by 
counting  laminations.  Core  loss  is 
then 

Pci  “ PR^Jw  watts  per  pound  (20) 

From  Eq.  (10)  B = (V/4.44 fNAJ 
X 10*. 

With  this  information,  core  loss 
curves  can  be  plotted  as  in  Fig.  5, 
with  frequency  as  parameter,  on 
log-log  paper.  These  curves  will  all 
be  nearly  straight  lines.  The  slope 
of  these  curves  is  the  exponent  a, 
and  k can  be  computed  for  the  cor- 
responding frequency  by  taking  the 
core  loss  at  any  flux  density  on  the 


FIG.  3 — Experimentally  determined  curve*  show  values  oi  a In  Eq.  (1)  lor 
three  types  ol  core  material  as  a function  of  frequency 
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curve  and  substituting  in  Eq.  (1). 
From  the  data  of  Fig.  5 and  similar 
curves,  Fig.  3 and  4 are  obtained. 
These  curves  justify  the  original 
assumption  that  core  loss  may  be 
represented  by  P = kB°.  To  com- 
plete the  data  necessary  for  design- 
ing an  inductance,  a typical  curve 
of  incremental  permeability  vs  flux 
density  is  reproduced  in  Fig.  6,  but 
it  will  be  seen  later  that  these 
values  are  not  critical. 

Design  Procedure 

A typical  problem  will  be  solved 
to  illustrate  design  procedure. 

Given : 

Required  inductance  of  5 hen- 
rys 

An  available  space  of  2i  X 2 X 
1J  inches 

Operating  voltage  of  10  volts 
An  operating  frequency  of 
1,000  cycles  per  second 
Core  material  available  is  Al- 
legheny audio  transformer 
A steel,  annealed  after 
stamping,  laminations  in 
0.014-inch  thickness  (29 
gage) 

To  find: 

Number  of  turns  in  coil 
Wire  size  for  winding 
Lamination  size  and  stack 


Gap  width 
Q of  coil 

Designing  for  a square  core 
cross-section,  we  see  that  a scrap- 
less lamination  with  t = i inch  will 
fit  the  space  allowed.  Finished  di- 
mensions will  require  a space  21  X 
li  X li  inches  as  illustrated  in 
Fig.  7. 

First  the  physical  design  param- 
eters will  be  calculated  from  the 
required  conditions  and  the  pre- 
viously developed  equations,  and 
then  the  coil  and  core  will  be  de- 
signed. Utilizing  the  same  notation 
as  previously,  from  the  dimensions 
of  Fig.  7 we  obtain 

m = 2 ^1-^-^  + 2 “ 4.5  inches 

1=4  ^1-i-^  ” 4.5  inches 

w = 0.615  pounds 

‘ -(f)(4)- 

- 0.505  square  inches 

Aa  = = 0-563  square  inches 

s = ^1 = 0.422  square  inches 

It  will  be  assumed  that  the  ratio 
of  copper  area  in  the  window  to 
window  space  area  is  0.3.  This  is 
usual,  somewhat  less  with  smaller 
laminations,  and  somewhat  greater 
with  larger  laminations.  From  Fig. 


(4)  for  0.014-inch  audio  trans- 
former A steel,  annealed  after 
stamping,  k at  1000  cycles  is  1.3  x 
10'*.  From  Fig.  3,  a = 1.987. 

From  Eq.  (14)  B is  calculated  to 
be  89.2  maxwells  per  square  inch. 
From  Eq.  (6)  and  (12),  R,.t  and 
are  calculated,  giving  R,.,  = 
592  ohms  and  Ra.c  = 600  ohms  re- 
spectively. Q is  calculated  from  Eq. 
(13)  using  the  previously  deter- 
mined values  of  resistance.  This 
gives  Q = 26.3. 

The  total  number  of  turns  is 
found  to  be  5,000  from  Eq.  (111. 
and  the  coil  is  to  be  wound  of  num- 
ber 35  wire  as  determined  from  Eq. 
(16).  Using  the  value  of  B deter- 
mined previously,  y A is  found  from 
Fig.  6 to  be  1050.  Equation  (18) 
gives  a gap  length  of  0.038  inches. 

It  should  be  noted  that  the  value 
of  ftA  need  not  be  accurate  for  even 
if  it  varies  by  100  percent,  the  gap 
is  barely  affected. 

The  coil  is  designed  to  fit  a win- 
dow length  of  li  inches  with  1 in  j 
on  each  side  for  a margin.  Usa 
winding  length  is  then  i inch.  T e 
nominal  diameter  of  number 
wire  is  0.0061  inch,  and  thus  turns 
per  layer  = (D/0.0061  = 1 -} 
turns.  Allowing  5 percent  for  ^ 
regularities,  we  can  expect  the  turns 


FIG.  4 — For  use  in  determining  core  loss  in  inductor  calcula- 
tions, k as  determined  experimentally  for  three  difierent 
materials  is  given  here  as  a function  of  frequency 


, _ small 

FIG.  5 — Core  loss  measured  at  several  frequencies  or 
sample  of  0.007-inch  high-silicon  steel.  Allegheny  audl 
former  A,  annealed  after  stamping 
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per  layer  to  be  (0.96)  (143.5)  = 
136  turns.  From  previous  calcula- 
tion we  found  that  6,000  turns  were 
required,  therefore  the  number  of 
layers  will  be  5000/136  = 37  layers. 

It  should  be  noted  that  R..«  and 
B,„  come  out  nearly  equal.  This 
will  verify  the  rule  followed  by 
most  designers  that  for  optimum  Q 
the  fixed  losses  represented  by  Rt 
should  be  equal  to  the  variable 
losses  represented  by  R,„.  If  in 
Eq.  (14)  a is  set  equal  to  2,  the  same 
result  is  obtained  as  when  Eq.  (6) 
and  (12)  are  equated  and  solved 
for  B.  In  other  words,  the  rule  is 
accurate  if  a = 2.  Actually,  a is 
usually  nearly  2. 

The  coil  as  designed  above  was 
constructed  and  with  the  gap  ad- 
justed to  give  L = 6 henrys  at 

1,000  cycles  and  10  volts,  Q was 
found  to  be  26.9,  which  represents 
an  error  of  1.6  percent.  The  gap 
was  actually  found  to  have  been 
adjusted  to  be  about  0.060  inch  as 
against  about  0.04  inch  computed. 
This  discrepancy  is  due  to  fringing. 

HkI  of  Voryli9  l»d»etor  Parameters 


Suppose  that  it  is  desired  to  re- 
duce the  size  of  the  inductor  by 
using  a 1-inch  scrapless  E-I  lamin- 
ation with  a 1-inch  stack.  What  is 
the  effect  of  this  change  in  physi- 
sal  constants  on  the  characteristics 
0 co'l  if  the  inductance  is  to 
remain  5 henrys  at  10  volts  and 

1,000  cycles?  Taking  F = 0.26  we 
and  that 

^=^oZreUaperaquareinch 

**  935  ohms 
% -16.3 
‘ = 4,790  turns 

n -No.  39 

twl\iS  °!>Vioualy  not  as  good  as 
8 coil  because  the  Q is  lower 

it  r !*  " ““  *° 

tioijj.08*  same  lamina- 

stack.  wH8^  i.*511*  8 one-inch 

“ hat  then?  The  results  are 

^=7%o0CeU,,perequareioch 

O*  ~~  ^90  ohms 
% =197 

tailed  will'8  ietter  than  ^at  ob- 

M^thi'lh8taCk  ^ n0t 
^•aminattn  *ned  WUh  the 

***  this  lead,  suppose  the 
1i4S 


FIG.  6 — Incram.ntal  parmaabUlty  chaz- 
aderlatlc  oi  0.014-inch  Alloghany  audio 
trasalonnar  A cor#  stoal 


FIG.  7 — Dimensions  oi  Inductor  calcu- 
lated by  method  developed  In  text 


coil  is  redesigned  to  use  a 1-inch 
scrapless  lamination,  with  a one- 
inch  stack.  Taking  F — 0.36, 


•V  ■*  3,880  tuna 
n - No.  34 

As  might  have  been  expected,  a 
thinner  lamination  will  improve  the 
Q. 

Taking  the  original  coil,  6,000 
turns  of  number  36  wire  on  a }-inch 
E-I,  1-inch  stack,  Allegheny  audio 
transformer  A steel,  annealed  after 
stamping,  0.014  inch  thick,  oper- 
ated at  10  volts,  what  happens  if 
the  frequency  is  changed  to  500 
cycles?  Results  are 

B — 226  maxwells  per  square  inch 
Rd-e  “ 600  ohms 
R*—c  " 385  ohms 
Q - 15.95 
L —5.02  henrys 

If  the  frequency  is  maintained  at 

1,000  cycles,  but  voltage  is  in- 
creased to  20  volts,  what  is  the  ef- 
fect? 

B - 178  maxwells  per  square  inch 
Rd-o  — 600  ohms 
R*—c  “ 586  ohms 
Q “26.5 
L *=5.01  henrys 

It  should  be  noted  that  due  to  the 
large  air  gap,  the  inductance  re- 
mained practically  independent  of 
voltage  and  frequency. 

Thus  the  basic  design  equations 
may  be  used  and  applied  to  almost 
any  magnetic  material,  regardless 
of  shape  or  size,  and  the  effects  of 
various  parameters  may  be  easily 
computed. 
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B = 48.6  maxwells  per  square  inch 

Rd-fl  = 413  ohms 

R._o  = 416  ohms 

Q — 38 

N =»  6,180  turns 

n = No.  32 

If  a Q of  26  iS  not  high  enough 
for  the  first  case  that  was  computed 
and  more  space  is  not  available, 
will  using  an  0.007-inch  lamination 
thickness  in  the  same  size  lamina- 
tion, i.e.,  J-inch  scrapless,  improve 
the  coil?  New  values  of  a and  k are 
found  from  the  graphs.  The  results 
are 

B =*  117.5  maxwells  per  square  inch 
Rd-c  — 362  ohms 
R»_«  = 312  ohms 
<3  - 46.6 
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HARMONIC  SUPPRESSION 
lor  Aircraft  Generators 


Consideration  of  effects  of  wave-form  distortion  in  400-cycle  and  other  high-frequency 
aircraft  and  marine  generators,  and  procedure  for  designing  a series-resonant  filter  to 
reduce  harmonic  content.  The  third  harmonic  requires  maximum  suppression 


The  need  of  a frequency-dis- 
criminatory network  capable 
of  passing  power  and  suppressing 
harmonics  from  an  alternating 
source  has  grown  with  the  expan- 
sion of  the  electric  power  field  into 
frequencies  higher  than  60  cycles. 
For  instance,  the  popularity  of 
400-cycle  power  for  aircraft  and 
small  marine  craft  has  called  for 
the  use  of  small  generators  which 
often  have  poor  wave  form  char- 
acteristics. 

In  small  high-frequency  gener- 
ators (400  to  2600  cycles)  the  wave 
form  distortion  may  reach  30  per- 
cent. If  electrical  measurements 
are  to  have  much  significance  and 
be  subject  to  duplication  later,  they 
must  be  based  on  a known  wave 
form,  preferably  a sine  wave.  This 
paper  will  discuss  the  design  and 
characteristics  of  one  type  of  band- 
pass power  filter  that  has  proved 
highly  successful  in  correcting 
wave  form  at  these  frequencies. 

Power  filters  generally  require 
the  suppression  of  multiples  of  the 
fundamental  frequency.  The  only 
circuit  available  which  will  produce 
a band-pass  effect  without  shunt 
arms  appears  to  be  a series  reson- 
ant circuit,  as  shown  in  Fig.  1(a). 
The  generator  resistance  is  as- 
sumed to  be  negligible  in  compari- 
son with  the  load  resistance.  The 
insertion  loss  of  the  circuit  at  the 
pass  frequency  is  given  by 

db  loss  = 20  log  ^1  + (1) 

where  R is  the  resistance  of  the 
load  and  Q and  XL  apply  to  the 
filter.  The  loss  at  any  other  fre- 
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db  loss  = 10 


log  [ 


1 + 1 


quency,  assuming  that  the  resis- 
tance of  the  filter  coil  is  negligible 
in  comparison  to  the  load  resis- 
tance, is 

(2) 

In  the  design  of  power  filters, 
knowledge  of  the  magnitudes  of 
the  harmonic  components  to  be  sup- 
pressed is  of  considerable  aid.  If 
a sketch  of  the  wave  form  to  be 
corrected  is  available,  a Fourier 
analysis  will  give  the  magnitude  of 
the-  harmonics.  Such  an  analysis 
was  made  of  the  output  voltage  of 
a 2-kva,  500-cps  generator,  giving 

« = sin  * — 0.22  sin  (3  * — 25.7°) 

— 0.118  sin  (5*  — 64°) 

+ 0.05  sin  (7  x + 36.9°) 

+ 0.033  sin  9 x 

- 0.02  sin  (11  x - 19.3°)  + 


P®*  1 — (“l  Series  resonant  lUter  and 
(W  use  ol  a capacitor  across  the  load 
with  the  same  filter  lor  additional  sup- 
pression oi  higher  harmonics 


where  x = a>/  = 2%  X 600  and  phase- 
shift  angles  are  given  in  terms  of 
their  respective  harmonics.  The 
analysis  was  made  through  the  11th 
component.  The  total  harmonic 
content  through  the  11th  was 
percent.  A graphical  analysis  of 
this  wave  is  given  in  Fig.  2. 

Filter  Desiga  Froeedars 

Let  us  say  that  the  harmonic  con- 
tent of  the  above-analyzed  wave  is 
to  be  reduced  from  26  percent  to 
6 percent.  To  reduce  the  amplitude 
of  the  3rd  harmonic  from  22  per- 
cent to  6 percent  of  the  fundamen- 
tal amplitude  would  require  a 
reduction  of  20  log  (e,/0.05)  or 
log  (0.22/0.05),  which  is  12.9““ 
at  1600  cycles. 

But  since  there  are  more  har- 
monics than  the  3rd  to  be  sup 
pressed,  a greater  loss  of  the  r 
than  12.9  db  is  required.  With 
15-db  loss  at  1500  cycles,  the  3rd  > 
reduced  from  22  percent  to  3.9  per- 
cent, the  6th  is  down  to  20  dD 
reduced  from  11.8  percent  o 
proximately  1.2  percent,  an 
effective  sum  of  the  7th,  the  ’ 

and  the  11th  is  less  than  1 Perce 
The  summation  of  the  harmonic 

Vg,1  + E,'  + E,‘  + “ 

V3.9’+1.2’+TT+TT'T  - +2% 
Therefore,  this  design  would  s 
flee.  If  neglect  of  the  higher 
monies  causes  greater  than 
cent  distortion,  a correction 
applied  by  shunting  a oapa ‘ 
across  the  output  as  in  Fig- 
This  is  permissible  if  the  e*Pa 
has  a high  impedance  at  t e 
frequency.  Since  the  capaci  o 
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«nt  is  at  quadrature  with  the  load 
ii£  urrent  it  may  be  as  high  as  32 

■ *n*nt  of  the  load  current  and 
' ause  only  a 10-percent  increase  in 
_ b*  generator  current. 

The  addition  of  a shunting  capac- 
tw  will  cause  the  resonant  fre- 
oency  of  the  unit  to  increase  as  the 
'“pad  is  lessened.  The  output  volt- 
} age  at  the  resonant  frequency  will 
then  be  greater  than  the  generator 
voltage,  but  the  voltage  output  at 
1 ■"  desired  pass  frequency  will 

• still  be  the  same  as  the  fundamen- 
ts ™ of  the  generator. 

' t A good  test  of  the  filter  is  to  take 
3,1  two  voltmeters  whose  operation  is 
J based  on  two  different  systems  of 

*.-}  measurements,  such  as  an  rms  volt- 

■ ^meter  and  a peak-reading  type.  At 
e output  of  the  generator  they 
™ read  differently,  but  at  the  out- 
put of  the  filter  they  should  read 

the  same  if  filtering  is  effective. 

.f  Clrc.lt  C..,to.t. 

J”  a 2_kva-  500-cps,  220- volt 

• “e  rated  current  would  be  9.1 

innimT  j The  resLstance  at  max- 
Tm  ‘cad  would  be  220/9.1  = 24  2 

■ Afuming  that  the  afore- 

cycles°ned  u'db  reduction  at  1,600 
?mi:°“ld  satisfactory,  the 


= 10Iogfl  + ! 

^ equations 

A Atful  lo?tah  equals  6 

the  lament  !‘emsvolta«e 

C is  9 1 y o n lacross  eit*>er  L 
«5  vofc  H 626  X 628  X 500 

6ilher  »«easae  or7  V°ltages  " 
^Pundinir  „ , r decrease  the  c 


*»»«(  1945 


FIG.  2— Graphical  analyst,  ol  (ha  output  voltage  ei  a 2-kva.  500-cpa  genaralor. 
Harmonica  qra  idaoHiled  by  number;  the  daah-daah  carve  repr.ient.  (he  dU- 
torted  output  wave  form.  The  11th  and  higher  harmonica  are  not  ahown 


Assuming  that  a loss  of  6 percent 
in  output  is  permissible,  the  coil 
resistance  could  be  0.06  x 2000/9.1* 
= 1.2  ohms.  This  resistance  means 
a dissipation  of  100  watts  in  the  fil- 
ter unit,  which  would  be  difficult  to 
obtain  without  excessive  heat  rise. 
A dissipation  of  60  watts  should  be 
more  feasible,  thereby  requiring  a 
reduction  of  the  coil  resistance  to 
0.6  ohms.  Thus,  the  insertion  loss 
is  inherently  low  since  the  Q of  the 
circuit  is  governed  by  heat  rise  in 
the  unit  and  not  by  the  permissible 
insertion  loss. 

In  tests  made  with  a power  filter 
unit  for  a 220-volt,  1-kva,  500-cps 
generator,  there  was  a slight  dis- 
tortion at  full  load  amounting  to 
about  5 percent  as  viewed  on  an  os- 
cilloscope. As  the  load  was  de- 
creased, the  distortion  disappeared. 
Under  no-load  conditions  there  was 
no  apparent  distortion.  A test  was 
also  made  with  the  primary  of  an 
open-circuited  transformer  as  a 
load.  Again  there  was  no  apparent 
wave-form  distortion.  With  an  in- 
ductive load  the  resonant  frequency 
of  the  system  is  lowered,  but  this 
does  not  affect  the  output  voltage  at 
the  pass  frequency. 

Us.  of  Air-Csra  Cells 

The  inductance  values  required 
for  power  filters  often  permit  a 
choice  between  air  and  iron-core 
coils.  In  making  a decision,  a num- 
ber of  disadvantages  of  iron-cored 
units  must  be  taken  into  considera- 


tion: (1)  the  exciting  current  of 
iron-core  coils  introduces  additional 
distortion ; (2)  with  iron  cores,  only 
a few  turns  are  needed.  This  re- 
sults in  high  voltages  between  ad- 
jacent turns  and  between  layers, 
creating  difficult  insulating  prob- 
lems. The  small  number  of  turns 
also  makes  accurate  design  and  ad- 
justment of  the  coils  difficult;  (3) 
a large  iron  core  is  needed  to  give 
a satisfactory  Q and  prevent  mag- 
netic saturation,  and  this  can  make 
the  inductance  too  large.  For  these 
reasons,  air-core  coils  are  generally 
used. 

The  addition  of  a band-pass 
power  filter  to  a generator  produc- 
ing relatively  high  harmonic  con- 
tent offers  several  advantages.  For 
example,  use  of  a filter  changed  the 
rms-peak  ratio  from  0.75  for  the 
uncorrected  wave  to  the  sine-wave 
value  of  0.707,  and  changed  the  av- 
erage-peak ratio  from  0.53  to  the 
0.636  value  for  a sine  wave.  With 
this  wave-form  correction,  all  types 
of  meters  calibrated  on  a sine-wave 
basis  will  read  accurately. 

Wave-form  correction  usually  re- 
duces peak  voltages,  lessening 
chances  for  voltage  breakdown  of 
connected  electrical  components. 

Manufacturers  will  find  that  mo- 
tors and  transformers  that  just  ex- 
ceed heat  rise  limits  when  tested 
with  voltages  containing  high  har- 
monics may  pass  when  the  wave 
form  is  corrected,  due  to  reduction 
of  high-frequency  iron  losses. 
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Studio  and 
Control-Room  Design 


Program-handling  equipment  for  student-operated  college-campus  broadcast  system  i 
simple  and  fool-proof.  Studio  can  be  adapted  to  production  of  a wide  variety  of  prc 
grams.  Control  room  is  versatile  yet  simple  enough  for  one-man  operation 


STUDENT  INTEREST  in  all  phases 
of  broadcast  program  produc- 
tion from  script  writing  to  on-the- 
air  station  operation  has  given  rise 
to  over  seventeen  college  or  uni- 
versity campus  stations.  Although 
details  of  each  network  differ,  the 
most  usual  method  of  distribution 
is  wired  wireless  because  of  its 
controlled  coverage — usually  only 
the  student  dormitories— and  ab- 
sence of  licensing  requirements. 

In  normal  times  about  90  percent 
of  the  college  students  have  radios 
in  their  rooms.  Many  of  them  pre- 
fer local  campus  talent;  so  the  lis- 
tening audiences  on  the  college  sta- 
tion’s frequency  are  large.  Campus 
originated  programs  include  cam- 
pus and  world  news  and  sports,  in- 
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terview  and  discussion  programs, 
debates,  comedy,  dramatics,  and  a 
large  proportion  of  both  classical 
and  popular  recorded  music,  with  a 
few  live  music  programs. 

Campus  studio  and  program 
equipment  designed  to  handle  such 
a variety  of  material  is  at  least  as 
intricate  as  that  of  standard  broad- 
cast stations,  especially  since  space 
and  cost  limitations  are  usually 
more  stringent. 

Studio  Doiigi 

Special  considerations  involved 
in  the  design  of  college  studio 
equipment  are  as  follows; 


Rccordy' 

ttoroge 


Recorders''' 


Tobk  (cabineh  bdow) 


Bulletin  board-" 

Hall 


FIG.  1— Studio  wall*  are  placed  at  Irregular  angle,  to  mintmlie  acoustic 
standing  waves;  control  room  is  laid  out  to  minimise  personnel  required  lor 
complete  station  operation 


Cost:  Budgets  are  usually  my 
limited  because  most  of  these  net 
works  are  run  and  financed  by  stu-  ■ 
dents  with  the  aid  of  small  sub  : 
sidies  and  some  advertising. 

Simplicity  op  Operation  ; Equip  ft 
ment  is  invariably  operated  by  per  m 
sonnel  with  little  or  no  previous  n 
dio  experience.  Smoothness  as 
quality  of  programs  must  nevertte  . 
less  be  as  good  as  that  of  the  majof 
ity  of  broadcast  stations  in  order! 
hold  an  audience. 

Simplicity  op  Maintenan® 
The  minimum  of  care  must  be « 
quired,  and  trick  circuits  must  t 
avoided  because  the  maintenaw 
staff  frequently  may  be  little  bed* 
trained  than  the  operators.  ®* 
times  emergency  repairs  mus 
made  by  members  of  the  prop 
department  who  have  absor 
little  technical  knowledge  by 
tact  with  the  engineering  staS. 

Flexibility;  Usually  only 
studio  is  available  for  tyP® 
programs.  This  means  that  r P ■ 
changes  in  setup,  mike  P'*0 
and  personnel  must  take  P 
tween  programs  with  no  > 
the  smoothness  of  the  materi  PI 
ing  out  over  the  air.  Dr  j 
shows  must  be  as  easy  to  an 

other  programs.  Yet  too  much 

ibility  causes  a loss  of  ^ 
so  a compromise  must  be 
Compactness:  Space  is 
very  limited.  There  must  be 
quate  room  for  all  essen  i ^ 
tions,  and  yet,  on  occasion, 
tire  station  may  have  to  b P 
by  one  person.  At  other 
numbers  of  people  will  be 
in  one  broadcast. 

Station  Loyovt 

, ..gjiabli 

- The  entire  space  made  av 
for  construction  of  broadcas 
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it  Columbia  University  was 
19  feet  by  27  feet  overall, 
several  jogs  in  the  walls 
irway  which  had  to  be  left 
Into  this  room  had  to  be 
studio,  control  room  and 
ities  for  the  station.  The 
finally  used  is  shown  in 

station  requires  three  space 
t lie  studio  itself,  the  control 
and  a hallway  from  which 
nay  be  entered  and  which 
a sound-lock  to  prevent  feed- 
's floor  of  the  control  room 
lie  raised  at  least  ten  inches 
flat  of  the  studio  so  that 
is  unobstructed  by  perform- 
" g or  sitting  in  front  of 
W room  window,  and  so 
jds  seated  in  the  control 
»re  at  the  eye  level  of  those 
about  microphones  in  the 

» extremely  important  that 
involved  in  the  program 
to  see  everyone  else.  As 
•s  possible  a soundproof  win- 
between  studio  and  control 
is  therefore  essential.  The 
this  window  is  only  limited 
■ By  careful  placement  and 
it  was  possible  at  Columbia 
the  glass  area  down  to  two 
four  feet. 

aid  Coitrol  Room 


hyout  and  shape  should 
ioed  chiefly  by  acoustic 
ti<®s.  Here,  however, 
® utilization  of  the  avail- 
U!a  bad  to  take  precedence. 
2 Proper  acoustic  treatment  of 
"7 lreas  was  out  of  the  ques- 
“Oancially,  the  walls  which 
were  set  at  odd  angles 


to  prevent  repeated  sound  reflec- 
tions and  thus  reduce  the  possibil- 
ity of  distinct  standing  waves  in 
the  room. 

Until  recently,  heavy  carpet 
laid  on  rug  cushion,  and  Insulite 
and  thin  Fibreboard  on  the  control- 
room  wall  constituted  the  only  per- 
manent absorbing  medium  in  the 
room.  Acoustic  flats,  or  goboes,  con- 
sisting of  two  inches  of  Rockwool 
fastened  to  plywood  backing,  cov- 
ered with  thin  cloth  and  fitted  with 
braces  so  they  can  be  moved  about 
the  floor,  are  depended  on  for 
acoustic  treatment  of  the  sides  of 
the  microphone  area.  The  goboes 
used  here  are  four  feet  by  eight 
feet,  but  have  proved  rather  un- 
wieldy; smaller  ones  would  be 
better. 

Control  room  layout  depends 
largely  on  the  personnel  which  is 
expected  to  be  used  in  regular  and 
emergency  operation.  At  CURC 
(Columbia  University  Radio  Club) 
a station  manager,  announcer,  mon- 
itor, and  turntable  operator  are 
normally  on  duty.  In  the  case  of 
dramatic  programs,  the  director 
replaces  the  station  manager. 

The  console  is  placed  under  the 
right  end  of  the  window,  with 
equipment  racks  within  easy  reach 
at  the  monitor’s  right.  At  his  left 
sits  the  station  manager  or  direc- 
tor, with  the  turntable  operator  to 
the  left  of  him.  Because  the  equip- 
ment is  bent  into  a broad  U,  it  is 
possible  in  an  emergency  for  one 
person  to  run  the  station. 

Recording  equipment  is  at  the 
rear  of  the  racks,  thus  putting  it 
out  of  the  way,  and  at  the  same 
time  accessible  to  all  circuits.  The 
remainder  of  the  control  room  is 


devoted  to  record  storage,  work- 
benches and  cabinets. 

Outpat  aid  Mlxiag  CIrc.lt* 

With  the  high  turnover  and  in- 
experience of  the  staff,  station  op- 
eration must  be  easily  learned.  A 
switch  or  dial  must  materially  in- 
crease the  utility  of  the  apparatus 
before  it  is  included.  This  test  re- 
jected many  gadgets  before  the 
final  design  of  CURC  was  com- 
pleted. If  auxiliary  gadgets  are 
found  desirable,  they  should  be  put 
on  a panel  away  from  the  main 
console  where  their  presence  will 
not  confuse  inexperienced  oper- 
ators. 

The  main  console  of  CURC  in- 
cludes six  complete  input  channels 
and  two  output  channels  as  shown 
in  Fig.  2.  The  only  controls  on  the 
panel  are  associated  with  these  cir- 
cuits or  the  monitoring  of  them. 

Two  output  amplifiers  of  identi- 
cal design  are  terminated  in  500- 
ohm  unbalanced  transformers  with 
attached  load  resistors.  Across 
these  loads  may  be  connected  almost 
any  number  of  high  impedance  cir- 
cuits, such  as  bridging  grids. 
Bridging  transformers  and  their 
ills  are  thus  eliminated. 

Each  outgoing  balanced  trans- 
mitter audio  line  is  fed  by  a low- 
gain  bridging  amplifier,  the  input 
grid  of  which  may  be  switched  to 
either  of  these  program  bus  cir- 
cuits. Monitor  and  cue  amplifiers, 
VU  meter,  and  recorders  may  sim- 
ilarly be  tied  to  these  busses. 

High-impedance  potentiometer 
gain  controls  and  electronic  mixing 
circuits  are  employed.  This  ar- 
rangement eliminates  costly  and 
bulky  mixing  transformers  whi 
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PmMm  at  lift  hai  iti  own  mixing  control!.  Main 
ct  right  command!  view  oi  itudio.  Student!  plan  and 
product  all  program! 


On  rack  at  right  oi  coniole  are  the  i-nt  tranelator  and  incom- 
ing remote  pickup  lines.  Beit  oi  control  room  in  ior  program 
planning  and  record  itorage 


Studio  and 

Control-Room  Design 


Program-handling  equipment  for  student-operated  college-campus  broadcast  system  is 
simple  and  fool-proof.  Studio  can  be  adapted  to  production  of  a wide  variety  of  pro- 
grams. Control  room  is  versatile  yet  simple  enougb  for  one-man  operation 


Student  interest  in  all  phases 
of  broadcast  program  produc- 
tion from  script  writing  to  on-the- 
air  station  operation  has  given  rise 
to  over  seventeen  college  or  uni- 
versity campus  stations.  Although 
details  of  each  network  differ,  the 
most  usual  method  of  distribution 
is  wired  wireless  because  of  its 
controlled  coverage — usually  only 
the  student  dormitories — and  ab- 
sence of  licensing  requirements. 

In  normal  times  about  90  percent 
of  the  college  students  have  radios 
in  their  rooms.  Many  of  them  pre- 
fer local  campus  talent;  so  the  lis- 
tening audiences  on  the  college  sta- 
tion’s frequency  are  large.  Campus 
originated  programs  include  cam- 
pus and  world  news  and  sports,  in- 
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terview  and  discussion  programs, 
debates,  comedy,  dramatics,  and  a 
large  proportion  of  both  classical 
and  popular  recorded  music,  with  a 
few  live  music  programs. 

Campus  studio  and  program 
equipment  designed  to  handle  such 
a variety  of  material  is  at  least  as 
intricate  as  that  of  standard  broad- 
cast stations,  especially  since  space 
and  cost  limitations  are  usually 
more  stringent. 

Studio  Design 

Special  considerations  involved 
in  the  design  of  college  studio 
equipment  are  as  follows: 


Cost  : Budgets  are  usually  very 
limited  because  most  of  these  net- 
works are  run  and  financed  by  stu-  2 
dents  with  the  aid  of  small  sub-  ' 
sidies  and  some  advertising.  - 

Simplicity  of  Operation:  Equip- 
ment is  invariably  operated  by  per- 
sonnel  with  little  or  no  previous  ra- 
dio  experience.  Smoothness  and 
quality  of  programs  must  neverthe- 
less  be  as  good  as  that  of  the  major- 
ity of  broadcast  stations  in  order  to 
hold  an  audience. 

Simplicity  of  Maintenance:  2 
The  minimum  of  care  must  be  re-  . 
quired,  and  trick  circuits  must  be 
avoided  because  the  maintenance 
staff  frequently  may  be  little  better  1 
trained  than  the  operators.  Some-  : 
times  emergency  repairs  must  be 
made  ,by  members  of  the  program  . 
department  who  have  absorbed  a :: 
little  technical  knowledge  by  con- 
tact with  the  engineering  staff.  ■? 

Flexibility:  Usually  only  one 
studio  is  available  for  all  types  of 
programs.  This  means  that  rapid 
changes  in  setup,  mike  placement  - 
and  personnel  must  take  place  be- 
tween programs  with  no  hitch  in 
the  smoothness  of  the  material  go-  - 
ing  out  over  the  air.  Dramatic 
shows  must  be  as  easy  to  handle  as 
other  programs.  Yet  too  much  flex- 
ibility causes  a loss  of  simplicity; 
so  a compromise  must  be  reached. 

Compactness:  Space  is  usually 
very  limited.  There  must  be  ade- 
quate room  for  all  essential  opera-  1 
tions,  and  yet,  on  occasion,  the  en- 
tire station  may  have  to  be  operated 
by  one  person.  At  other  times  large 
numbers  of  people  will  be  involved 
in  one  broadcast. 

Station  Layout 

The  entire  space  made  available 
for  construction  of  broadcasting  fa- 


FIG.  1— Studio  wall*  axe  placod  at  Irregular  angles  to  mt-i-i. 
standing  ware.)  control  room  i,  laid  oat  to  minimi,.  p.„onnel 

complot.  itation  operation  ^ 
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Phonograph  position  at  left  has  its  own  mixing  controls.  Main  On  rack  at  right  of  console  are  the  f-m  translator  and  ineom- 

ctmsole  at  right  commands  view  of  studio.  Students  plan  and  lng  remote  pickup  lines.  Best  of  control  room  is  for  program 

produce  all  programs  planning  and  record  storage 


cilities  at  Columbia  University  was 
a room  19  feet  by  27  feet  overall, 
but  having  several  jogs  in  the  walls 
and  a stairway  which  had  to  be  left 
untouched.  Into  this  room  had  to  be 
crowded  studio,  control  room  and 
office  facilities  for  the  station.  The 
layout  finally  used  is  shown  in 
Fig.  1. 

Any  station  requires  three  space 
areas:  the  studio  itself,  the  control 
- room,  and  a haUway  from  which 
these  may  be  entered  and  which 
acts  as  a sound-lock  to  prevent  feed- 
back. The  floor  of  the  control  room 
should  be  raised  at  least  ten  inches 
above  that  of  the  studio  so  that 
. vision  is  unobstructed  by  perform- 
ers standing  or  sitting  in  front  of 
the  control  room  window,  and  so 
that  persons  seated  in  the  control 
room  are  at  the  eye  level  of  those 
standing  about  microphones  in  the 
studio. 

It  is  extremely  important  that 
everyone  involved  in  the  program 
he  able  to  see  everyone  else.  As 
large  as  possible  a soundproof  win- 
dow between  studio  and  control 
room  is  therefore  essential.  The 
. . size  of  this  window  is  only  limited 
by  cost.  By  careful  placement  and 
layout  it  was  possible  at  Columbia 
to  keep  the  glass  area  down  to  two 
feet  by  four  feet. 

Stadlo  and  Control  Room 

Studio  layout  and  shape  should 
e determined  chiefly  by  acoustic 
...  considerations.  Here,  however, 

in-  ®™mum  utilization  of  the  avail- 
i. e area  had  to  take  precedence, 
'nee  proper  acoustic  treatment  of 
a wall  areas  was  out  of  the  ques- 
iti'  *0ri  financially,  the  walls  which 
jii!:7  We  added  were  set  at  odd  angles 


to  prevent  repeated  sound  reflec- 
tions and  thus  reduce  the  possibil- 
ity of  distinct  standing  waves  in 
the  room. 

Until  recently,  heavy  carpet 
laid  on  rug  cushion,  and  Insulite 
and  thin  Fibreboard  on  the  control- 
room  wall  constituted  the  only  per- 
manent absorbing  medium  in  the 
room.  Acoustic  flats,  or  goboes,  con- 
sisting of  two  inches  of  Rockwool 
fastened  to  plywood  backing,  cov- 
ered with  thin  cloth  and  fitted  with 
braces  so  they  can  be  moved  about 
the  floor,  are  depended  on  for 
acoustic  treatment  of  the  sides  of 
the  microphone  area.  The  goboes 
used  here  are  four  feet  by  eight 
feet,  but  have  proved  rather  un- 
wieldy; smaller  ones  would  be 
better. 

Control  room  layout  depends 
largely  on  the  personnel  which  is 
expected  to  be  used  in  regular  and 
emergency  operation.  At  CURC 
(Columbia  University  Radio  Club) 
a station  manager,  announcer,  mon- 
itor, and  turntable  operator  are 
normally  on  duty.  In  the  case  of 
dramatic  programs,  the  director 
replaces  the  station  manager. 

The  console  is  placed  under  the 
right  end  of  the  window,  with 
equipment  racks  within  easy  reach 
at  the  monitor’s  right.  At  his  left 
sits  the  station  manager  or  direc- 
tor, with  the  turntable  operator  to 
the  left  of  him.  Because  the  equip- 
ment is  bent  into  a broad  U,  it  is 
possible  in  an  emergency  for  one 
person  to  run  the  station. 

Recording  equipment  is  at  the 
rear  of  the  racks,  thus  putting  it 
out  of  the  way,  and  at  the  same 
time  accessible  to  all  circuits.  The 
remainder  of  the  control  room  is 


devoted  to  record  storage,  work- 
benches and  cabinets. 

Oatpat  aid  Mblag  Clrcalh 

With  the  high  turnover  and  in- 
experience of  the  staff,  station  op- 
eration must  be  easily  learned.  A 
switch  or  dial  must  materially  in- 
crease the  utility  of  the  apparatus 
before  it  is  included.  This  test  re- 
jected many  gadgets  before  the 
final  design  of  CURC  was  com- 
pleted. If  auxiliary  gadgets  are 
found  desirable,  they  should  be  put 
on  a panel  away  from  the  main 
console  where  their  presence  will 
not  confuse  inexperienced  oper- 
ators. 

The  main  console  of  CURC  in- 
cludes six  complete  input  channels 
and  two  output  channels  as  shown 
in  Fig.  2.  The  only  controls  on  the 
panel  are  associated  with  these  cir- 
cuits or  the  monitoring  of  them. 

Two  output  amplifiers  of  identi- 
cal design  are  terminated  in  500- 
ohm  unbalanced  transformers  with 
attached  load  resistors.  Across 
these  loads  may  be  connected  almost 
any  number  of  high  impedance  cir- 
cuits, such  as  bridging  grids. 
Bridging  transformers  and  their 
ills  are  thus  eliminated. 

Each  outgoing  balanced  trans- 
mitter audio  line  is  fed  by  a low- 
gain  bridging  amplifier,  the  input 
grid  of  which  may  be  switched  to 
either  of  these  program  bus  cir- 
cuits. Monitor  and  cue  amplifiers, 
VU  meter,  and  recorders  may  sim- 
ilarly be  tied  to  these  busses. 

High-impedance  potentiometer 
gain  controls  and  electronic  mixing 
circuits  are  employed.  This  ar- 
rangement eliminates  costly  and 
bulky  mixing  transformers  which 
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can  be  a source  of  hum  and  distor- 
tion. Thus  simple  switching  cir- 
cuits and  standard  receiver-type 
volume  controls  can  be  used.  Con- 


microphone  impedance.  (Inputs  in 
the  console  include  transformers 
and  preamplifiers.  Low  impedance 
allows  the  use  of  almost  all  types  of 


circuit  controlled  by  that  switch  is 
on  the  air.  This  proves  a great  aid 
to  the  memory.  The  off  position  is 
in  the  middle  where  practicable. 


trols  of  the  type  having  a metal 
contact-band  have  been  in  use  for 
over  two  years  with  no  maintenance 
or  noise. 

Loss  of  high-frequency  response 
when  controls  are  turned  down  is 
prevented  by  using  relatively  low 
impedance  potentiometers  and 
pentode  mixer  tubes  to  reduce  shunt 
capacitance.  Since  each  input  cir- 
cuit may  be  connected  to  either  out- 
put channel  or  turned  off  by  the 
channel  switches,  care  must  be 
taken  that  switching-in  of  addi- 
tional channels  causes  no  clicks, 
changes  of  level  or  frequency  re- 
sponse. Clicks  are  prevented  by  the 


ribbon,  dynamic  and  cardioid  mi- 
crophones interchangeably.  It  also 
permits  unshielded  twisted-pair  to 
be  used  for  emergency  microphone 
cable  extensions.  As  much  as  a 
half  mile  of  twisted  pair  has  been 
used  in  this  manner  without  bring- 
ing hum  and  noise  level  up  far 
enough  to  damage  intelligibility.) 

Special  effects  : Intended  to  be 
fed  subsequently  from  a filter  and 
echo-chamber  control  panel  to  be 
mounted  in  a rack.  (This  position 
is  now  connected  through  a simple 
high-pass  filter  stage  to  the  output 
of  the  second  studio  microphone 
channel  preamplifier.  The  telephone 


Interlocked  Swltckiig 

There  is  only  one  switch  above 
each  control,  and  each  does  the 
same  thing;  so  there  is  no  chance 
for  ambiguity.  The  talk-back 
switch  is  located  by  itself  at  one 
end  of  the  panel  (that  near  the  di- 
rector), and  the  utility  channel  se- 
lector is  at  the  other  end. 

The  master  gain  controls  are  lo- 
cated at  the  extreme  right,  while 
all  monitor  controls,  as  well  as  the 
studio  cue  fader  are  placed  at  the 
top  of  the  panel,  immediately  under 
the  VU  meter.  The  meter  projects 
up  into  the  line  of  vision,  and  is  il- 


use  of  high  resistances  on  the 
switch  sides  of  all  coupling  capaci- 
tors, while  level  changes  are  re- 
duced to  i db  per  switch  by  use  of 
10,000  ohm  master  gain  controls  on 
the  output  amplifiers. 

Matter  Control  Position 

Starting  at  the  left  of  the  panel, 
the  input  circuits  of  the  main  con- 
sole are: 

CONTROL-KOOM  MICROPHONE:  Also 
used  for  studio  talk-back  when  the 
studio  mikes  are  dead. 

Phonograph  input:  Brought 

from  four-position  mixer  on  turn- 
table panel. 

Two  STUDIO  MICROPHONES:  50 

ohms  is  used  for  standard  program- 


effect  thus  produced  is  satisfactory 
for  a large  proportion  of  dramatic 
work.) 

General  utility  : The  only  chan- 
nel with  an  input  selector  switch, 
the  utility  input  may  be  connected 
to  an  extra  output  of  the  phono 
mixer,  to  an  f-m  translator,  or  to 
the  output  of  the  remote  line 
switching  panel.  When  another 
studio  is  added,  one  of  these 
sources  may  be  replaced  by  the 
second  studio. 

Each  mixer  gain  control  has  im- 
mediately above  it  the  switch 
which  connects  it  to  either  output 
amplifier,  or  turns  it  off.  The  down 
position  of  all  switches  in  the  sta- 
tion is  that  normally  used  when  the 


luminated  from  below. 

A separate  talk-back  power  am- 
plifier to  feed  a speaker  in  the 
studio  is  included  in  the  console. 
When  the  studio  mikes  are  not  on 
the  air,  the  input  of  this  amplifier 
may  be  fed  through  a cue  fader  from 
either  the  output  of  the  program 
channel  or  from  the  off  positions 
of  the  phono  and  utility  channel 
switches.  Operation  of  the  talk- 
back  key  automatically  disengages  ! 
these  inputs  and  connects  the  con- 
trol-room microphone. 

Figure  3 shows  how  all  switches 
in  the  console  are  interlocked,  either  ’ 
directly  or  through  relays  so  that 
feedback  is  impossible.  The  same 
relays  which  disconnect  the  speak-  < 


lit 


FIG.  3 — Associated  with  console  signal-channel  controls  are  interlock  relays 
lor  operation  ol  hall  and  pilot  lights  and  studio  loudspeaker 


era  also  are  used  for  stand-by  and 
studio  on-the-air  lights.  When  stu- 
dio microphones  are  connected  to 
1 the  program  channel,  the  studio 
loudspeaker  is  killed;  but  if  con- 
nected to  the  audition  channel,  the 
studio  speaker  may  be  used  with 
the  microphones  on  because,  in 
this  case,  the  talk-back  switch  cuts 
off  the  control-room  speaker.  Not 
only  is  time  saved  in  rehearsals 
but  this  connection  permits  stunts 
by  feeding  the  output  of  the  audi- 
tion channel  to  the  transmitters. 

Relays  are  operated  by  micro- 
phone channel  switches.  When  the 
microphone  is  off,  the  relay  is  ener- 
gized. Thus  the  instant  the  switch 
starts  to  operate,  the  relay  coil  is 
opened,  and  by  the  time  the  micro- 
i P^ne  is  connected  the  relay  has 
shorted  the  loudspeaker  circuit. 
Freedom  from  feedback  and  clicks 
is  thereby  assured. 

Phonograph  Equipment 

There  are  three  turntables  in 
r. regu!ar  use.  Two  of  these  are  syn- 
chronous at  78  rpm.  The  third  is  a 
■'  ual-speed  rim-driven  table  nor- 
mally used  rpm  inasmuch 

% aa  the  Phonograph  operator  usually 
__  • s^ani^9  up,  all  three  turntables  are 
,cj  ®™Dted  at  a 86-inch  height.  Turn- 
ea  are  located  in  the  control- 
r°°®  40  make  integrated  direction 
the  large  proportion  of  programs 
wore  simple. 

luipped  with 
low-pressure 
addition  one 
is  equipped 


Aacn  tun 


crystal  pick 
a* * of  the  78 


with  another  pickup  to  facilitate 
continuous  running  of  sound  effects. 
All  four  of  these  pickups  are  con- 
nected through  equalizers  to  a mix- 
ing panel  at  the  front  of  the  phono 
console. 

The  output  of  each  equalizer  goes 
through  a cathode-coupled  stage  to 
a key-switch  and  volume  control. 
In  the  off  or  center  position  of  these 
switches  the  outputs  of  the  pickups 
are  connected  to  a headphone  am- 
plifier for  cueing  purposes.  Only 
in  the  down  or  air  positions  are  the 
volume  controls  connected.  The  up 
positions  of  the  switches  go  to  one 
of  the  positions  of  the  utility  chan- 
nel switch  in  the  main  console. 

Remote  Program  Equipment 

Single  twisted-pair  telephone 
lines  run  from  the  studio  to  most 
buildings  on  the  campus.  These 
lines  terminate  at  the  station  in 
key  switches  on  a phone  panel  in 
the  rack  at  the  operator’s  right.  In 
the  middle  or  off  positions  of  these 
switches  cue  is  fed  over  all  lines. 
The  up  positions  connect  to  a tele- 
phone handset.  When  a switch  is 
thrown  down  it  is  connected  to  one 
of  the  positions  of  the  utility  chan- 
nel selector  switch  in  the  console. 

A small  battery-operated  remote 
amplifier  is  used  in  most  cases  to 
feed  program  over  the  lines.  This 
amplifier  is  equipped  with  a two- 
position  electronic  mixer,  master 
gain  control,  and  db  meter.  One  of 
the  microphones  and  the  monitor 
headphones  are  used  for  telephone 
communication  with  the  handset  in 


the  control  room.  This  is  simple 
and  adequate  and  cuts  to  a mini- 
mum the  amount  of  equipment 
which  must  be  taken  on  a remote. 

A more  elaborate,  a-c  operated 
remote  amplifier  with  a built-in 
public  address  system  has  recently 
been  built  to  meet  the  needs  of  elab- 
orate audience-participation  shows. 

News,  public  events,  and  a cer- 
tain amount  of  music  are  rebroad- 
cast from  local  f-m  stations.  A 
standard  f-m  translator  is  mounted 
in  the  rack  at  the  operator’s  right 
with  cue  and  switch  circuits.  On 
this  panel  there  is  also  a separate 
high-impedance  microphone  input 


FIG.  4 — Heaponca  ol  audio  lyatam 

with  amplifier  and  gain  control. 

The  f-m  panel  may  be  fed  di- 
rectly to  the  transmitter  line  am- 
plifiers, thus  by-passing  the  main 
console  when  only  f-m  and  an- 
nouncements are  to  be  broadcast 
for  a long  period.  The  output  of 
the  panel  may  also  be  connected  to 
one  position  of  the  utility  channel 
selector  switch.  The  microphone 
input  on  the  f-m  panel  may  be 
used  to  give  an  extra  studio  micro- 
phone channel  for  elaborate  shows. 

Performance  Characf»rlitlc« 

Due  to  use  of  inverse  feedback, 
a minimum  of  transformers,  and 
careful  design,  frequency  response 
is  within  14  db  from  60  to  20,000 
cycles  for  all  channels  from  trans- 
ducer to  console  output.  Distortion 
is  much  less  than  one  percent  at  all 
frequencies  from  50  to  7500  cycles 
at  levels  up  to  20  db  above  normal 
full  output.  Hum  and  noise  are  bet- 
ter than  40  db  down  from  zero 
level.  Although  no  pains  were  taken 
to  reduce  them  still  further,  greater 
reduction  should  be  fairly  simple 
were  it  necessary.  Typical  fre- 
quency response  curves  are  shown 
in  Fig.  4. 
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CRYSTAL 


QUARTZ 


FIG.  1 — Comparison  of  the  temperature-frequency  characteristics  of  the  CT  and 
GT  cuts.  The  insert  shows  the  angle  of  cut  of  each 


JUST  WHAT  is  a good  crystal? 

Obviously,  it  must  have  certain 
qualifications;  it  must  possess  a 
clean-cut  frequency  spectrum  of  its 
own,  free  from  secondary  fre- 
quency interference,  and  free  from 
drift  or  the  tendency  to  jump  un- 
der conditions  normal  to  its  oper- 
ation. 

Originally  most  crystals  were 
good  crystals.  The  demands  made 
upon  them  were  no  more  stringent 
than  those  made  upon  the  tubes 
and  circuits  of  the  period.  With 
heat  regulation,  an  X-cut  or  Y-cut 
crystal  gave  greater  stability 
than  a heat-regulated  tube  circuit. 
To  be  sure,  both  these  cuts  had 
troublesome  secondary  frequencies, 
but  with  sufficiently  patient  work- 
manship these  secondary  frequen- 
cies could  be  controlled. 

Crystals  were  used  long  before 
the  war  as  frequency  standards 
and  in  narrow  band  filters.  Be- 
cause of  their  wide  usefulness,  and 
in  proportion  as  the  qualifications 
of  circuits  themselves  improved, 
the  demands  made  upon  crystals 
steadily  increased.  For  instance, 
the  X-cut  crystal  had  a temperature 
drift  of  -20  to  -50  parts  per  mil- 
lion per  degree  centigrade,  and  the 
Y-cut  had  a drift  of  +60  to  +100 


parts  per  million  per  degree  centi- 
grade. The  thinner  the  crystal, 
the  worse  the  drift  in  each  in- 
stance. Such  drift  ceased  to  be  ac- 
ceptable. 

Effect  of  Angle  of  Cut 

Mathematical  analysis  in  terms 
of  the  elastic  constants  of  quartz 
and  the  angle  of  cut  was  called  in 
to  provide  crystals  which  would  be 
good  in  terms  of  more  exacting  re- 
quirements. It  was  found  that  there 
were  certain  angles  through  which 
a Y-cut  might  be  rotated  about  its 
X-side  in  cutting  from  the  quartz, 
for  which  a minimum  of  coupling 
between  the  desired  thickness-fre- 
quency and  conflicting  modes  ex- 
isted. Further,  an  analysis  showed 
that  close  by  were  two  other  an- 
gles of  cut  which  yielded  zero  drift 
in  the  neighborhood  of  a fixed  tem- 
perature. It  was,  therefore,  as- 
sumed and  verified  experimentally 
that  crystals  cut  at  either  of  these 
latter  angles  would  be  desirable 
both  for  their  zero  drift  and  the 
relative  purity  of  their  vibratory 
mode.  Thus  the  AT  and  BT  crys- 
tals were  arrived  at. 

These  were  highly  desirable  cuts. 
So  long  as  a relatively  small  band 
about  their  points  of  zero  temper- 
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ature  drift  was  satisfactory,  they 
left  little  to  be  wished  for  in  their 
frequency  class.  However,  outside 
of  this  band,  they  had  a small  but 
by  no  means  negligible  drift  in-  i 
creasing  parabolically  on  either 
side.  They  were,  moreover,  lim- 
ited as  to  range  by  the  fact  that 
they  were  thickness  vibrators,  since 
it  was  not  practicable  to  make 
them  too  thick  or  too  thin. 

To  serve  the  low-frequency 
range,  the  CT  and  DT  crystal 
plates,  cut  at  about  90  deg  from  the 
BT  and  AT  respectively,  and  vi- 
brating in  face  sheer,  were  devised. 
These,  too,  had  zero  drift  at  preas- 
signed temperatures  and  were 
parabolic  in  drift  elsewhere.  Be- 
cause their  faces  governed  their 
motion,  they  had  to  be  center- 
mounted  and  were,  therefore,  more 
difficult  than  the  preceding  crystals 
to  handle.  But  they  filled  in  the 
frequency  range  for  zero-drift  crys- 
tals down  as  far  as  70  kilocycles. 

The  GT  Type 

There  was  still,  however,  no  crys- 
tal having  zero  drift  over  an  ex- 
tended range.  As  a result  of  adroit 
mathematical  and  physical  reason- 
ing, a crystal,  cut  at  a 45  deg  angle 
from  CT  blanks  and  thereafter  very 
carefully  dimensioned,  was  con- 
ceived, and  had  a drift  of  only  one 
part  in  a million  over  a range  of 
100  deg  centigrade.  Its  frequency 
range  is  from  60  to  1000  kc,  ap- 
proximately. This  is  the  remark- 
able GT  crystal.  Its  temperature 
coefficient  is  illustrated  in  Fig.  1 an 
compared  with  that  of  a CT  blank. 

Finally,  in  the  very  low-frequency 
range,  there  are  the  MT  longitu  - 
inally  vibrating  crystal  ("’hie 
may  be  given  zero  temperatuie 
coefficient  for  certain  length-"'"1 
ratios) , and  the  NT  which  vibrates 
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IMPROVEMENTS 
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War-time  need  of  better  quartz  crystals  by  the  millions  has  caused  manufacturing  tecl 
niqnes  to  advance  under  forced  draft.  Such  engineering  progress,  if  encouraged  by  lar$ 
demand  in  peacetime,  may  lead  to  still  better  crystals 


in  flexure  at  frequencies  as  low  as 
4 kilocycles.  The  latter  approxi- 
mates zero  temperature  coefficient 
in  certain  ranges. 

The  current  crystal  repertory  is 
given  in  the  table.  Step  by  step,  the 
demands  have  gone  up,  as  step  by 
step  the  conditions  normal  to  oper- 
ation have  become  more  extended. 

Fatar*  Improvement 

How  much  further  can  this  proc- 
ess go?  How  much  better  is  the 
good  crystal  likely  to  become? 

Mathematically  the  field  has 
steadily  narrowed.  Anything  as  in- 
teresting as  the  GT  cut  (and  com- 
paratively as  easy  to  cut)  is  not 
likely  to  occur  again,  though  it  is 
rash  to  say  that  there  will  not  be 
improvements. 

Prom  now  on  the  largest  field 
for  improvement  must  lie  in  the 
s ; processes  of  manufacture.  Careless 
: tolerances  must  be  eliminated  so 
1 that  the  final  product  is  in  all  cases 
true  to  the  designer’s  original  in- 
i tent  And  finally,  much  more  sys- 
' : i tematic  attention  must  be  paid  to 
! the  question  of  correct  dimensions. 

The  GT  crystal  was  produced 
1 *fom  the  CT  by  a trick  of  orienta- 
aw  tion  and  a very  exact  apportion- 
: ment  of  dimensions.  Yet,  in  gen- 
® j era'1  w*th  such  crystals  as  the  AT 
* 8ueh  dimensioning  as  is 

, v one  is  left  to  the  manipulative  skill 

;■  ; 0{  the  crystal  finisher.  It  is  still 
" °^en  a matter  of  art  rather  than 
j - science.  Yet  a scientific  approach 
t t-  t'le  pr°h'em  is  possible.  Advan- 

geous  dimension  ratios  show  an 
amazingly  consistent  pattern  from 
crystal  to  crystal  and  from  fre- 
Such  knowl- 
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purely  mathematical  field  of  ex- 
ploration narrows,  this  important 
and  neglected  field  of  research  lies 
open. 

From  the  beginning,  crystals 
have  had  a unique  role  to  play  in 
electronics.  Wartime  need  has  re- 
quired crystals  to  serve  from  the 
stratosphere  to  the  equator,  from 


desert  aridity  to  the  supersatui 
tion  of  the  tropics,  and  their  c 
signers  have  risen  to  these  c 
mands  and  met  them.  The  poi 
war  world  will  require  them  to  t 
come  still  better.  Crystal  researc 
working  hand-in-hand  with  man 
facturing  skill,  must  produce  t 
good  crystal  of  the  future. 


LOW-TEMPERATURE  COEFFICIENT  CRYSTAL  CUTS 

Plates 

Frequency 

Temperature 

Range  in  kc  for 

Cal 

Mounting 

In  kc 

Coefficient 

practicable  size 

Use 

AT 
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Oscillators 
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•haw 
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edges 
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(Itttl.  UtetC 
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flexure 
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length 

controlled  by  z'-angle 

(IKK.  Uted: 

GT 

3898  per  mm 

Zero  over  30-deg  Interval 

00.... 1000 

Frequency 

extension 

width 

controlled  by  z'-angle; 

time 

changes  only  8 parts  per 

standard 

on  nodal  line 

million  over  100  deg  C 

Bar  Type 

Thin  5 deg 

X-bar  extant  ion 

Center- 

mounted 

880  per  cm 

length 

Zero  to  correct  tempera- 
ture 

50 500 

Moderate 

stability 

length 

width  filter 

—It. 5 dag 
X-bar  extension 
length 
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length 
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so soo 
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selecting 

filters 

MT 
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SO 500 
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length 

range  about  correct 
temperature 

NT 
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Nearly  zero  at  proper 

4 so 

F-M  bans, 
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Rax  ore 

plated  to 
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temperature 

vibrate  In 

Ing  to  exact 
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flexure  and 
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two  nodal 
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Square-Wave 


Ci— Series  capacitance,  in  farads 
C»  = Stray  shunt  capacitance,  in  farads 
R =SUunt  resistance,  in  olims 
c,  = Applied  input  potential,  in  volts 
e.  *=  Developed  output  potential,  in  volts 
I *=Time,  in  seconds 


e,  =»E,  (1  — 6 ) 

E.  = Amplitude  of  square  wave,  in  volts 
Ti  “Time  constant  of  input  voltage  wav#  front, 
in  seconds 

“RfCi  + Cz),  time  constant  of  differentiating 
circuit 

P —T./T. 

« — C./(C.  + C») 

T -t/t. 


TABLE  I — Differentiating  circuit  and 
definitions  of  terms  discussed  in  text 


From  analytical  treatment  of  pulse-generating  circuit, 
generalized  circuit  design  charts  are  plotted  giving  pulse 
amplitude  and  length.  Time  constant  of  the  input  wave 
front  and  stray  shunt  capacitance  of  the  differentiating 
circuit  are  considered 


IN  this  PAPER  the  response  of 
a conventional  R~C  differentiat- 
ing circuit  to  a square-wave  volt- 
age having  an  exponential  rise  is 
to  be  analyzed.  Formulas  will  be 
derived  and  curves  given  which 
apply  to  both  analysis  and  design 
of  this  type  of  differentiating  cir- 
cuit. In  particular,  these  formulas 
and  curves  enable  one  to  calculate 
the  shape,  length  and  magnitude 
of  the  output-pulse  voltage  of  the 
differentiating  circuit. 

Electrical  Considerations 

Upon  sharply  differentiating  a 
square-wave  voltage  it  is  common 
experience  to  find  that  the  magni- 
tude of  the  output-pulse  voltage  is 
only  a small  fraction  of  the  mag- 
nitude of  the  input.  This  loss  in 
magnitude  is  due  principally  to  two 
things.  Firstly,  the  square  wave  is 
never  truly  square  but  has  a front 
of  finite  slope  (usually  closely  ex- 
ponential in  form)  ; secondly,  there 
is  always  associated  with  the  resist- 
ance of  the  differentiating  circuit 
some  stray  shunting  capacitance 
which  brings  about  a division  of 
the  input  voltage  between  this 
stray  capacitance  and  the  series 
capacitance  of  the  differentiating 
circuit. 

Intuitively  one  can  see  that  the 
more  closely  the  voltage  wave  ap- 
proaches a true  square  wave  and 


the  smaller  is  the  stray  capacitance, 
the  greater  will  be  the  output  of 
the  differentiating  circuit.  How- 
ever, it  is  difficult  to  say  before- 
hand just  what  the  amplitude  and 
wave  shape  of  the  output  pulse  will 
be.  It  is  the  purpose  of  this  paper 
to  attempt  to  answer  these  ques- 
tions as  well  as  some  others. 

Mathematical  Analytic 

Derivation  of  a mathematical  ex- 
pression describing  the  behavior 
of  this  type  of  differentiating  cir- 
cuit is  simple  and  straightforward. 
One  has  but  to  set  up  the  Kirch- 
hoff  voltage  equations  for  this  cir- 
cuit and  solve  the  resulting  first 
order  linear  differential  equation. 

Let  the  differentiating  circuit  be 
as  represented  in  Table  1.  Apply- 
ing KirchhofFs  law  to  this  circuit 
one  obtains  the  following  voltage 
equations 

',  = (k+ kk)fiidt  - kf (D 

0 = ~ kfi,dt  + kj '***'  + Si'  (2) 

By  differentiating  both  Eq.  (1)  and 
(2)  with  respect  to  time  and  then 
eliminating  i1  from  the  two  result- 
ing equations,  one  gets  a differen- 
tial equation  in  i, 

r *1  _l  * _ C,  de; 

dt  c,  + c,  ~ cT+cJ  ' nr  <3> 
But  because  e,  = iJZ  one  can  con- 


vert Eq.  (3)  into  a differential 
equation  in  e„  i.e. 

mi 

dt  T"  R (Ci  + Ci)  Ci  + Ci  it  w 

Equation  (4)  is  a common  first 
order  linear  differential  equation 
which  may  be  solved  in  the  con- 
ventional way  by  means  of  the  in- 
tegrating factor,  «,/"ri + n>  yield- 
ing. 

«o  - y,  C'„  t-i«tCi  + c,)  x 

Cl  -j-  c2 

/‘../siCj  + c,) -^idt  (5) 

o dt 

Equation  (5)  gives  the  response 
of  the  differentiating  circuit  to 
an  input  voltage  of  any  form.  To 
make  practical  use  of  this  equation 
it  is  necessary  to  express  the  input 
voltage  as  a differentiable  function 
of  time.  ' 

It  should  be  observed  that  the 
lower  limit  of  the  integral  of  Eq. 
(5)  is  zero.  This  follows  from  the 
assumption  that  the  differentiating 
circuit  is  at  rest  when  the  input 
voltage  is  applied  to  the  circuit 
at  t = 0.  This  assumption  also 
implies  that  the  square  wave  is 
longer  than  the  output  pulse  if  the 
square  wave  is  one  of  a train  of 
square  waves. 

Sqaara  Wave  lapat  Voltaqa 

In  recent  applications,  television 
being  one  of  the  common  and 
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widely  known  ones,  practice  is  to 
differentiate  the  front  or  back  of 
a square-wave  voltage  to  obtain  a 
sharp-pulse  voltage.  Because  the 
differentiation  of  square  waves  is 
therefore  relatively  important,  and 
because  of  the  impracticability  of 
considering  all  the  possible  wave 
shapes  only  the  differentiation  of 
square  waves  will  be  considered 
further. 


It  was  previously  pointed  out 
that  one  never  encounters  true 
square  waves  in  practice  since 
their  fronts  and  backs  have  finite 
slopes  usually  approximately  ex- 
ponential in  form.  A square  wave 
having  an  exponential  front  will  be 
assumed.  Let  this  voltage  be  rep- 
resented by  the  expression  e,  = 
(1  - where  the  terms 

are  as  defined  in  Table  1. 

This  expression  gives  only  the 
rise  of  the  square  wave,  not  the 
fall,  but  this  is  not  a serious  limi- 
tation  because  the  front  and  the 
back  of  the  square  wave  can  be  con- 
sidered separately.  If  the  back  of 
the  square  wave  is  similar  in  form 
40  ttle  front,  a pulse  similar  to  that 
generated  in  the  differentiating  cir- 
cuit by  the  front,  will  be  generated 
J the  back,  but  of  opposite  polar- 
; >ty. 

If  one  differentiates  the  above 
expression  for  e,  with  respect  to 
tl®e,  substitutes  it  in  Eq.  (5)  and 
Performs  the  indicated  integration, 
one  arrives  at  the  expression 


r.(C,  + Ct) 1 


1 


1^ 

R(Ci  + Ct)  n 

-«-*/*(  Cl  + Cl))  (6) 

*-  iv^qu,ation  (*)  is  unwieldly,  but 
by  luting  t,,  B,  y and  T as 

-p:j  fi,tCr*0NICS— IMS 


defined  in  Table  I,  it  can  be  simpli- 
fied to 

«„  = Eiy  - e-r)/(l  - ft)  (7) 
For  the  purpose  of  plotting, 


however,  this  expression  is  uns 
able  because  it  contains  too  m 
variables.  But  E,  and  y api 
only  as  simple  multipliers 


FIG.  1— Family  ol  curve*  lor  relative  puke  ampUtude  ve  relative  time  ehow. 
the  effect  on  the  puke  amplitude  and  length  ol  the  ratio  ol  the  Input ! wave-front 
time  constant  to  the  differentiating  circuit  time  constant 
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hence  have  no  effect  upon  pulse 
shape  other  than  its  amplitude. 
By  letting  e.'  = e./E,y,  one  ob- 
tains an  expression  which  may  be 
plotted  as  a family  of  curves. 

V = r^-5  (rfT  -<-*•)  (8) 

Figure  1 is  a plot  of  Eq.  (8). 

Pals*  Amplitude  aad  Delay 

Two  other  quantities  which  are 
of  importance  are  the  peak  voltage 
reached  by  the  output  pulse  and  the 
time  interval  after  the  arrival  of 
the  square  wave  at  which  this  oc- 
curs. Both  of  these  quantities  de- 
pend upon  the  value  of  8.  These 
quantities  may  be  found  by  maxi- 
mizing Eq.  (8). 

iO-  = — L_  ( _ 8,-Or  t-r\  = o 

dT  1 - (T  * ’ 

or  rT  = fit  -to  (9) 

Substituting  Eq.  (9)  into  Eq.  (8) 
one  finds  that 

so'  ».«  = (10) 

Eliminating  T from  Eq.  (9)  and 
(10),  one  obtains 

*'-«  - (ID 

Solving  Eq.  (9)  for  T 

T for  So  mu  “ rj  ^ unt  t ft  (12) 

Equations  (11)  and  (12)  are 
plotted  in  Fig.  2. 

In  addition  to  the  curves  already 
mentioned  a third  set  of  curves, 
given  in  Fig.  3,  has  been  calcu- 
lated and  plotted,  which  gives  an 
indication  of  pulse  length  as  a func- 
tion of  3.  Pulse  length  is  defined 
as  the  time  at  which  the  pulse 
voltage  has  decayed  to  a certain 
percentage  of  the  maximum  pulse 
voltage.  Figure  3 gives  the  T at 
which  the  pulse  amplitude  has  de- 
cayed to  10  percent  and  to  1 per- 
cent of  its  maximum  value. 

Ut*  of  Charts 

It  is  tacitly  assumed  in  the 
derivation  of  these  formulas  and 
curves  that  the  differentiating  cir- 
cuit has  negligible  loading  effect 
upon  the  square-wave  voltage 
source.  This  is  not  likely  to  be 
the  case  if  the  source  impedance 
is  relatively  high  compared  to  the 
impedance  of  the  differentiating 
circuit.  This  should  be  kept  in 
mind  when  one  chooses  the  para- 
meters of  the  differentiating  circuit 
since  loading  of  the  voltage  source 
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will  increase  the  time  constant 
t,  of  the  input  wave  front.  In 
some  cases  allowance  may  have  to 
be  made  for  loading. 

On  Fig.  1 «/  and  T are  pure 
numerics  and  do  not  per  se  rep- 
resent voltage  and  time  respec- 
tively. e.'  must  be ' multiplied  by 
Eit  to  obtain  the  output  voltage, 
e„  and  T must  be  multiplied  by 
t,  to  convert  the  abscissa  scale  to 
a time  scale.  If  this  is  done  the 
curve  corresponding  to  the  proper 
8 will  be  a chart  of  the  output 
voltage  as  a function  of  time.  The 
curve  corresponding  to  8 = 0 will 
be  a chart  of  the  input  voltage 
if  the  ordinate  scale  is  multiplied 
by  Et  alone  and  the  abscissa  scale 
is  multiplied  by  t,. 

Frequently  one  wants  to  know 
the  maximum  voltage  reached  by 
the  output  voltage  pulse  and  the 
time  at  which  this  maximum  oc- 
curs ; Fig.  2 gives  this  information. 
Here  again  e.'  and  T must  be 
treated  in  the  same  way  as  on 
Fig.  1. 

It  can  be  seen  upon  examina- 
tion of  Fig.  1 that  no  matter  how 
great  8 is,  that  is — no  matter  how 
sharply  one  differentiates  the  input 
wave,  the  front.of  the  output  pulse 
never  has  a slope  greater  than  that 
of  the  input  wave.  However,  in- 
creasing 8 has  two  desirable  effects ; 
it  shortens  the  length  of  the  pulse, 
and  it  reduces  the  time  necessary 
for  the  pulse  to  reach  its  maxi- 
mum value.  Increasing  8 has  one 
very  undesirable  effect;  the  maxi- 
mum pulse  amplitude  decreases, 
consequently  it  is  not  generally 
practical  to  make  8 very  large. 

Examination  of  Eq.  (7)  shows 
that  one  should  keep  C,  as  small 
as  possible;  a large  C»  in  compari- 
son to  C,  results  in  loss  in  ampli- 
tude of  the  output  voltage  pulse 
because  y becomes  appreciably  less 
than  unity.  A large  C,  also  in- 
creases the  time  constant  of  the 
differentiating  circuit. 

lllHftraflv*  Problem 

Response  of  a given  differentiat- 
ing circuit  to  a given  square  wave 
may  quite  readily  be  found  using 
the  formulas  and  charts  that  have 
been  derived  and  plotted.  For  ex- 
ample, suppose  that  a square  wave 
of  100  volts  amplitude  and  having 
a front  whose  time  constant  is  0 25 
microsecond  is  applied  to  a differ- 


entiating circuit  in  which  C,  = : 
90  n/xf,  C,  = 10/ifif,  and  R - 
5000  ohms,  and  suppose  one  wants  : ; 
to  answer  the  questions:  i- 

(1)  What  is  the  equation  of  the  - 
output  voltage  pulse? 

(2)  What  is  the  maximum  out-  - 
put  voltage? 

(3)  At  what  time  will  the  maxi- 
mum voltage  be  reached? 

(4)  What  is  the  pulse  length, 
i.e.,  when  will  the  pulse  voltage 
decay  to  1 percent  of  its  maximum 
value? 

To  answer  question  (1)  we  cal- 
culate t.,  8,  y,  and  T from  their 
equations  as  given  in  Table  I, 
obtaining 

t.  = 0.60  microsecond 

8 = 0.50  (coincidence  that 

3 = r-) 

r = 0.90 

T ■-  4.0 1 x 10* 

These  values  are  substituted  in 
Eq-  (7),  giving  for  the  output- 
pulse  voltage  as  a function  of  time 
the  equation 

This  equation  corresponds  to  the 
curve  p = 0.60  in  Fig.  1. 

Question  (2)  is  answered  by 
finding  the  e.'m„  for  8 = 0-50.  ® 
Fig.  1 which  is  0.50  coincidentally, 
and  multiplying  this  value  by  E,i,  or 
= (0.50)  (100)  (0.90)  = 45 

volts. 

Figure  2 is  also  used  to  answer 
question  (3).  One  finds  the  T for 
e.'»„  corresponding  to  3 = °-50 
and  multiplies  by  t„  thus  t for 
e.„„  = (1.40)  (0.25)  = 0.35 

microseconds. 

The  answer  to  question  (4)  1S 
found  with  the  aid  of  Fig.  3 which 
shows  T for  decay  to  1 percent  of 
the  maximum  to  be  12.1  for  $ - 
0.50.  This  T times  t,  gives  the 
pulse  length  in  time,  which  is  3.78 
microseconds. 

D*s!g*  Difficultly 

The  problem  of  design,  as  is 
usually  the  case,  is  more  difficult 
than  the  problem  of  analysis.  Given 
a square  wave  with  certain  ampli- 
tude and  rise  time  it  may  not  be 
possible  to  design  a differentiating 
circuit  which  will  produce  an  out- 
put pulse  having  simultaneously  a 
of  the  desired  characteristics  o' 
pulse  amplitude,  pulse  length,  an 
time  for  pulse  to  reach  its  maxi- 
mum value.  It  may  not  be  P°s" 
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Bible  even  to  satisfy  the  require- 
ment of  pulse  amplitude  alone,  al- 
though the  requirements  of  pulse 
length  and  time  required  to  reach 
a maximum  may  usually  be  met  by 
differentiating  sufficiently  sharply. 

Unfortunately,  as  was  previously 
pointed  out,  the  more  sharply  one 
differentiates,  i.e.,  the  greater  is 
g,  the  smaller  will  be  the  magni- 
tude of  the  output  pulse  so  it  is 
not  generally  advantageous  to 
differentiate  any  more  sharply  than 
necessary.  Because  of  this  close 
interdependence  of  pulse  charac- 
teristics, one  is  usually  forced  to 
design  the  differentiating  circuit  to 
meet  the  most  urgent  requirement 
first  and  then  to  try  to  satisfy  the 
others  if  possible. 

As  an  example  of  design,  suppose 
one  wishes  to  design  a differentiat- 
ing circuit  which  will  produce  a 
pulse  of  at  least  40  volts  maximum 
amplitude  and  that  this  maximum 
should  be  reached  as  quickly  as 
possible,  given  a square-wave  in- 
put voltage  of  100  volts  amplitude 
and  having  a rise  whose  time  con- 
stant is  0.25  microsecond. 

A number  of  assumptions  will 
have  to  be  made  in  solving  this 
problem.  One  is  in  regard  to  Cv 
If  the  differentiating  circuit  is  iso- 
lated this  stray  capacitance  C,  is 
ordinarily  quite  small,  perhaps  1 
or  2 mii,  but  if  the  differentiat- 
ing circuit  is  in  close  physical 
proximity  to  other  circuits,  and 
especially  if  the  output  is  con- 
nected to  a vacuum  tube,  C,  is  likely 
to  be  higher,  say  in  the  order  of 
10  md.  In  this  example  a Ca  of  10 
will  be  assumed. 


Another  assumption  is  in  regard 
to  7.  Ordinarily  one  would  like 
7 to  be  close  to  unity,  but  this  means 
choosing  a large  Ci.  If  C,  is  large, 
R must  be  small  in  order  to  dif- 
ferentiate sharply.  A small  R 
would  make  the  impedance  of  the 
circuit  low  and  possibly  load  the 
voltage  source  to  such  an  extent 
that  the  advantage  of  differentiat- 
ing sharply  would  be  lost.  Usually 
it  is  not  practical  to  make  7 much 
larger  than  0.90;  often,  it  has  to 
be  made  smaller.  In  this  example 
a 7 of  0.90  will  be  chosen  since  a 
relatively  high  output  voltage  is 
the  principal  requirement.  It  will 
be  seen  subsequently  that  choosing 
a 7 at  this  point  is  equivalent  to 
choosing  a C,  and  fixing  the  value 
of  R. 

Calculation 

Now  because  7 has  been  chosen 
as  0.90  and  C,  as  10  /t/if,  C,  will 
have  to  be  equal  to  90  ^f  as  given 
by  7 = C,/(C,  + C.)  = 0.90. 
Given  an  e,„„  of  40  volts,  e.'m„ 
will  have  to  be  e'„„  = e. 7 
= 40/(100  X 0.90)  = 0.45.  On 
Fig.  2,  corresponding  to  this  value 
of  0.45  one  finds  that  3 can  not 
be  greater  than  0.65.  This  means 
that  v.  = t,/3  = 0.25/0.65  = 0.47 
microsecond.  But  1.  = R{CX  + 
C,),  hence  R( 90  + 10)  X 10“ 
— 0.47  x 10"*  = 4700  ohms. 

As  a matter  of  interest  one-  can 
find,  using  Fig.  2 and  3,  that  t for 
e„„„  = t,T,  where  T is  taken  at 
e.„„,  is  0.25  X 1.23  = 0.31  micro- 
second, and  that  the  time  at  which 
the  pulse  has  fallen  to  1 percent 
of  its  maximum  value  is  t, T,  where 


T is  taken  at  1 percent,  is  0.25  x 
9.9  = 2.25  microseconds. 

As  an  example  of  designing  a 
differentiating  circuit  for  a de- 
sired pulse  length,  suppose  one 
wants  the  pulse  to  be  down  to  1 per- 
cent of  its  maximum  value  in  1.50 
microseconds,  given  the  same  in- 
put voltage  as  in  the  previous  exam- 
ple; what  must  the  circuit  para- 
meters be? 

To  find  the  value  of  T corre- 
sponding to  the  1-percent  time  we 
divide  the  pulse  length  of  1.50 
microseconds  by  -r,,  which  is  0.25 
microsecond,  giving  6.00.  From 
Fig.  3,  for  this  value  of  T we  find 
that  3 is  1.92  hence  t.  = R (C,  + C.) 

t,/3  — 0.25/1.92  = 0.13  micro- 
second. 

Now  again  an  assumption  must 
be  made.  One  can  either  assume  t 
value  for  C,  + C,  and  solve  for  R, 
or  vice  versa.  In  this  example  a 
resistance  of  3900  ohms  will  be 
chosen. 

As  has  been  previously  pointed 
out,  the  minimum  permissible  value 
of  R is  determined  by  the  im- 
pedance of  the  voltage  source.  If 
one  assumes  a value  for  C,  4-  C. 
and  this  assumption  results  in  a 
value  for  R which  is  too  low,  a 
smaller  value  of  C,  + C,  must  be 
assumed.  Consequently  it  is  usu- 
ally advisable  to  select  a value  for 
R and  solve  for  C,  + C*  if  either 
may  be  chosen.  Sometimes,  how- 
ever, as  in  the  previous  example, 
it  makes  the  solution  of  the  prob- 
lem simpler  if  a value  for  C,  + 
C,  is  chosen  instead.  If  R is  taken 
as  3900  ohms,  C,  + C,  = t./R  = 
0.13  X 10-/3900  = 33  n/ii. 
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Stabilized  NEGATIVE 


Variations  with  frequency  of  amplifier  characteristics  cause  variations  of  real  and  imagi- 
nary components  of  negative  impedance  which  is  produced.  Power  handling  capacity  of 
the  amplifier  limits  the  magnitude  of  negative  impedance  that  can  be  produced 


Amplification  A was  assumed 
in  Part  I to  be  a real  con- 
stant. While  this  may  actually  be 
so  in  a practical  amplifier  within  a 
certain  frequency  domain,  it  is  not 
so  at  all  frequencies  between  zero 
and  infinity. 

Amplifier  Phase  Shift 

The  simplest  type  of  amplifier 
suitable  for  producing  negative 
impedances  is  a two-stage,  direct- 
coupled  amplifier  the  power  for 
which  is  supplied  by  an  essentially 
zero-impedance  source.  Even  in 
this  simple  case  there  are  shunting 
capacitances  in  the  tubes  and  wir- 
ing so  that  although  at  low  fre- 
quencies the  amplification  is  real, 
at  higher  frequencies,  there  is 
phase  shift  and  obviously  the 
character  of  the  negative  imped- 
ances that  can  be  obtained  by 
means  of  such  an  amplifier  will  not 
be  the  simple  negative  of  the  posi- 
tive impedance  which  is  used  in 
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conjunction  with  that  amplifier. 

If  one  considers  a high  gain  am- 
plifier with  pentode  tubes  which 
utilize  filter  networks  in  the  screen 
grid  and  cathode  circuits  and 
rectifier-type  power  supplies,  the 
phase  shift  may  take  a complicated 
form  and  the  resultant  negative  im- 
pedance will  differ  greatly  from  the 
simple  form  which  would  be  ex- 
pected if  the  phase  shift  were 
neglected. 

In  general,  a properly  designed 
amplifier  will  have  a region  where 
the  amplification  parameter  is 
nearly  constant  and  where  the  sim- 
ple equations  developed  in  the  Part 
I hold.  Outside  of  this  region 
phase  shift  will  occur,  and  the  gain 
of  the  amplifier  will  contain  an 
imaginary  component.  If  G is  the 


PART  I 

■asle  Ideal  circuit  and  fundamental  aquations  far 
producing  the  negative  of  a positive  Impedance. 
Eq.  (11-129),  Fig.  1-9,  Ref.  1.10 

PART  II 

Effective  on  negative  Impedance  of  variations 
with  frequency  of  amplifier  parameters. 

Eq.  (301-15(1,  Fig.  10-20,  Ref.  11-13 

PART  III 

Illustrative  applications  of  negative  Impedances 
skew  how  improved  circuits  can  be  obtained 
Eq.  (5T1-((71,  Fig.  21-27,  Ref.  14-16 


actual  gain  of  the  amplifier,  G.  is 
the  absolute  value  of  the  amplifier 
gain  in  the  region  where  the  phase- 
shift  is  zero  or  negligible,  and  9 is 
the  phase  shift  in  degrees  referred 
to  the  zero  phase-shift  region,  then 
the  gain  may  be  expressed  as  G 
= G.  (cosS  + jsind).  This  can  be 
written  as 

0 = Gr+jR<  (») 

where  Qr  = GaoosQ 
Gi  =»  G0b in0 

Both  G.  and  6 must  be  known  for  all 
frequencies  before  the  nature  of 
the  negative  impedance  can  be  com- 
pletely specified. 

Phase-Shift  Effect  on  Shunt  Nogofiw 
Impedance 


Substituting  the  vector  relation 
for  amplifier  gain  given  by  Eq. 
(30)  in  Eq.  (13)  (Part  I),  one 
obtains  for  negative  impedance  the 
equation 


Z. 


Z, 


(31) 


1 - (ft  + jft) 

Which  can  be  rewritten  in  the  form 


1 1 _ , J (32) 

Z„  = Z,/(  1 - ft)  + jZt/Gi 

Equation  (32)  is  a familiar  ex- 
pression for  two  impedances  in 
parallel,  and  the  corresponding  cir- 
cuit is  shown  in  Fig.  10(a).  The 
real  part  is  recognized  as  the  shunt 
negative  impedance  proper,  and  the 
imaginary  part  represents  an 
imaginary  term  which  disappears 
when  the  imaginary  part  of  the 
amplifier  gain  is  zero.  For  the 
sake  of  convenience,  the  functions 
which  determine  the  real  ana 
imaginary  parts  of  the  shunt  nega- 
tive impedance  will  be  defined  as 
follows 


I 


(1  IZJFx)  + (1  /jZift) 


(33) 
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where  F,  = j ~ZTq 


Pka»  Shift  Effect  or 

Scrim  Negative  Impedaece 

The  effect  of  phase  shift  upon 
the  character  of  the  series  negative 
impedance  can  be  obtained  by  sub- 
stituting Eq.  (80)  in  Eq.  (14)  and 
letting  Z,'  = Z,  + R,  as  was  done 
in  Eq.  (23). 

Z.  - Z,'(l  - Qr)  + Ri-  jZi'Oi  (34) 

where  ft,,  the  output  impedance  of 
the  amplifier  as  before,  must  now 
be  considered  a function  of  fre- 
quency. This  equation  can  be  re- 
written as 

2.  = Z.'F,  + fi1+jZ,'F,  (36) 
where  P,  =■  1 — G, 

Pi=  — Oi 

The  series  circuit  expressed  by 
Eq.  (35)  is  shown  in  Fig.  10(b). 
When  G,  = 0,  the  complex  form  of 
the  series  negative  impedance  re- 
duces to  the  simple  conception  of 
the  negative  impedance  discussed 
earlier.  The  resistance  R,  must  be 
«o  adjusted  that  in  the  region  where 

- 0 the  negative  resistance  due 
to  ft,  just  cancels  the  output  imped- 
ance of  the  amplifier.  This  can- 
cellation obviously  cannot  hold  out- 
side this  region  because  both  the 
Magnitude  of  the  series  negative 
resistance  due  to  R„  and  the  out- 
put impedance  of  the  amplifier  are 
changing  and  in  general  these 
ohanges  will  not  counteract  one  an- 
i other.  The  variation  of  output  im- 
pedance of  the  amplifier  with  fre- 
quency due  to  phase  shift  and 
negative  feedback  is  discussed 
later. 

Celciiofio,  g,  Phase-Skiff'  Effect 

t*'e  Phase  shift  and  the  abso- 
« Magnitude  of  the  gain  G of  an 
i'  i ^ ' lf'er  are  known,  then  functions 
> * ^‘>  and  F , can  be  computed 

, ..  “e  aature  of  the  negative  im- 
i outside  the  domain  of  eon- 
<-  ““t  G can  be  determined.  This 


FIG.  10 — Eifoct  oi  phase  shift  In  the 
amplifier  is  to  produce  a change  in  magni- 
tude of  the  real  component  of  the  negative 
impedance,  and  to  introduce  an  imaginary 
component  (a)  in  parallel  with  shunt  nega- 
tive impedance,  or  (b)  in  series  with  series 
negative  impedance 

means  that  the  exact  nature  of  the 
amplifier  and  the  types  of  coupling 
must  be  known,  as  well  as  the 
amount  of  negative  feedback  used 
within  the  amplifier. 

To  facilitate  computation  of  the 
above  functions,  Fig.  11,  12,  13  and 
14  give  the  functions  in  terms  of 
the  amount  of  phase  shift  and  gain 
G..  These  are  merely  graphical 
forms  of  the  Eq.  (33)  and  (35) 
from  which  the  effect  of  phase 
shift  and  the  gain  for  any  ampli- 
fier on  the  character  of  either  the 
shunt  or  series  negative  impedance 
may  be  obtained. 

As  an  example,  Fig.  15  shows  a 
two-stage  amplifier  with  resist- 
ance-capacitance coupling  and  util- 
izing a moderate  amount  of  nega- 
tive feedback.  The  phase  shift 
and  the  absolute  magnitude  of  the 
gain  for  this  amplifier  are  also 
shown.  From  these  curves  and 
Fig.  11  and  12.  F,  and  F,  were  ob- 
tained as  functions  of  frequency, 
and  are  shown  in  Fig.  16. 

Fig.  16  shows  that  the  function 


F„  which  determines  the  character 
of  the  real  part  of  the  shunt  nega- 
tive impedance,  changes  sign 
abruptly  at  both  low  and  high  fre- 
quencies and  thus  changes  the 
negative  impedance  into  a positive 
one.  In  the  mid-frequency  region, 
F,  remains  remarkably  constant, 
which  means  that  the  negative  im- 
pedance also  is  very  nearly  con- 
stant. On  the  other  hand,  the 
imaginary  component  of  the  nega- 
tive impedance  introduces  an  ap- 
preciable effect  long  before  the  real 
part  changes  sign.  Once  Fig.  16 
has  been  obtained  for  an  amplifier 
the  exact  nature  of  the  negative 
impedance  that  will  be  developed 
by  means  of  that  amplifier  can  be 
obtained  by  Eq.  (33)  or  (35). 

llliltratloR  of  Effect  of  Pfcawe  Shift 

An  example  of  a shunt  negative 
resistance,  obtained  by  means  of 
the  amplifier  shown  in  Fig.  15 
whose  characteristics  are  described 
by  Fig.  15  and  16,  is  shown  in  Fig. 
17.  These  curves  were  obtained  by 
the  method  outlined  above  and 
checked  experimentally  by  meas- 
uring the  input  impedance  of  the 
amplifier  as  a function  of  fre- 
quency by  means  of  a Wheatstone 
bridge. 

These  curves  show  that  the  real 
part  of  the  negative  resistance,  in 
the  region  between  600  and  30,000 
cps,  is  negative.  Between  approxi- 
mately 1,000  and  15,000  cycles  its 
value  could  have  been  obtained 
directly  by  Eq.  (13),  neglecting 
phase  shift  in  the  amplifier.  At 
frequencies  lower  than  60  and 
higher  than  30,000  cps  the  nega- 
tive resistance  changes  sign  and 
actually  becomes  positive.  At  the 
extreme  frequencies,  i.e.,  at  zero 
and  infinity,  the  amplification  of 
the  amplifier  is  zero,  and  the  input 
impedance  of  the  amplifier  is 
simply  Rt  in  series  with  the  output 
impedance  of  the  amplifier. 

These  curves  also  show  that  even 
at  mid-frequencies  the  input  im- 
pedance of  the  amplifier  contains 
a reactive  component.  In  accord- 
ance with  the  sign  of  function  F , 
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shown  in  Fig.  16  the  reactance  is 
capacitive  at  the  high  frequencies 
and  inductive  at  the  low  fre- 
quencies. As  will  be  observed  from 
Fig.  16  and  17,  the  reactive  com- 
ponent of  the  negative  resistance  is 
minimum  at  'approximately  the 
same  points  where  the  real  compo- 
nent becomes  infinite. 

Limitation!  Imposed  by  Phase  Shift 

In  the  region  between  400  and 
6,000  cps  the  reactive  component  is 
ten  or  more  times  the  real  com- 
ponent, therefore  the  former  may 
be  neglected  in  this  region.  In  the 
case  of  negative  resistance,  the 
useful  range  of  the  negative  re- 
sistance on  the  frequency  scale 
must  be  inside  these  types  of  limits, 
and  what  happens  outside  may  or 
may  not  be  of  importance.  How- 
ever, if  it  were  a negative  reactance 
that  were  obtained  by  means  of  this 
amplifier,  it  is  obvious  that  the 
imaginary  component  will  contrib- 
ute a resistance  component  to  the 
desired  negative  reactance.  In  this 
case  it  is  imperative  to  know  the 
behavior  of  the  imaginary  com- 
ponent for  all  values  of  frequency 
and  not  merely  be  satisfied  with  the 
knowledge  that  the  resistive  com- 
ponent is  negligible  in  the  useful 
range. 

The  reason  for  this  is  that  either 
at  the  low  or  high  frequencies,  de- 
pending upon  what  kind  of  react- 
ance is  being  developed  by  the  am- 
plifier, the  imaginary  component 
will  produce  a negative  resistance 
which  may  cause  oscillations  in  the 
amplifier.  It  is  plain,  therefore, 
that  in  no  case  may  the  quadrature 
component  of  a negative  reactance 
be  disregarded,  but,  on  the  con- 
trary, its  behavior  as  a function  of 
frequency  must  be  studied  care- 
fully, especially  in  the  neighbor- 
hood of  the  point  where  the  real 
part  of  the  negative  reactance  be- 
comes infinite  in  the  case  of  the 
shunt  negative  reactance  or  zero  in 
the  case  of  the  series  negative  re- 
actance. 

Advantages  of  Dlraet-Ceaplad  Amplifier 

A two-stage  resistance-capaci- 
tance amplifier  shown  in  Fig.  15 
has  180-degree  phase  shift  at  the 
low-frequency  end,  which,  accord- 
ing to  Fig.  16,  means  that  a nega- 


tive resistance  will  be  developed 
by  a shunt  negative  inductance 
circuit  of  magnitude  UF*  where  L 
is  the  inductive  reactance.  The 
complete  results  are  too  compli- 
cated to  present  in  a general  form. 
In  a special  case  of  a two-stage  am- 
plifier with  resistance-capacitance 
coupling,  Table  I summarizes  what 
is  to  be  expected. 

Table  I shows  that  the  resistive 
component  developed  by  a negative 
reactance  in  the  case  of  an  ampli- 
fier capable  of  180-degree  phase 
shift  at  either  end  of  the  fre- 
quency range  is  always  negative  at 
one  end  or  the  other.  Therefore, 
extreme  caution  must  be  used  in 
combining  negative  reactance  with 
other  elements. 


.By  means  of  a direct-coupled  am- 
plifier it  is  possible  to  obtain  nega- 
tive reactances  which  do  not  have 
a negative  resistance  component 
Referring  to  Table  I,  it  is  seen  that 
a shunt  negative  inductance  has  a 
negative  resistance  component  at 
the  low  frequencies.  If  a direct- 
coupled  amplifier  is  used,  the  nega- 
tive inductance  will  not  have  a re- 
sistive component  at  the  low-fre- 
quency end;  only  a positive  re- 
sistive component  at  high  fre- 
quencies will  be  present.  Similarly, 
a negative  capacitance  may  be  ob- 
tained which  does  not  have  a nega- 
tive resistive  component  if  a direct- 
coupled  amplifier  is  used  to  produce 
series  negative  capacitance. 

Negative  resistance,  according 
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to  its  definition,  must  be  able  to 
supply  power  to  the  circuit  to 
which  it  is  connected.  This  in- 
volves a source  of  power  in  the  net- 
work and  because  all  actual  devices 
have  a finite  source  of  power,  the 
range  of  the  negative  character- 
istic must  be  necessarily  limited. 
The  magnitude  of  negative  react- 
ance exhibited  by  the  device  is  also 
limited  by  the  same  factors  as  the 
negative  resistance  because  nega- 
tive reactances  must  supply  power 
to  the  circuit  on  one  half  of  the 
cycle  and  absorb  power  on  the  other 
half  cycle. 

bergy  Storage  of  Negative  Reactances 

If  a sinusoidal  voltage  whose 
crest  value  is  e forces  a current  of 


crest  value  i through  an  impedance 
Z,  then  the  following  relations  may 
be  written 

P - e»/2 Z (36) 

P - i*Z/2  (37) 

where  P is  average  power  dis- 
sipated during  the  cycle  in  the  case 
of  resistance,  and  average  energy 
stored  in  inductance  or  capacitance 
during  the  cycle  in  the  case  of  re- 
actance. 

Power  Limit  of  Sorias  Negative 
Impedance 

In  the  case  of  series  negative 
impedance  it  is  easiest  to  think  in 
terms  of  the  current  that  the  am- 
plifier can  handle.  This  current 
is  determined  by  the  properties  of 


the  amplifier  in  the  following  man- 
ner. 

If  Ec  is  the  maximum  output 
voltage  of  the  amplifier,  then  the 
maximum  input  voltage  that  can  be 
developed  at  the  input  of  the  ampli- 
fier is  EJG,  where  G is  the  voltage 
gain  of  the  amplifier.  Let  1 be  the 
maximum  current  that  it  is  desired 
to  obtain  from  the  negative  resist- 
ance. It  is  obvious  that  impedance 
Z,'  must  not  exceed  the  value  which 
will  make  the  voltage  developed 
across  it  equal  to  the  maximum 
allowable  voltage.  Thus  Z,'  must 
not  be  greater  than 

Z,'^  - Eo/OI  (38) 

Substituting  this  value  of  Zi  into 
Eq.  (12)  and  (14),  it  is  seen  that 
the  magnitude  of  the  negative  im- 
pedance is  determined  by  the  fac- 
tory EJ1 

= fi,  + (E./Gt)  (1  - GO  (39) 

This  equation  states  that  the 
magnitude  of  the  negative  imped- 
ance a given  amplifier  is  capable 
of  developing  depends  upon  the  cur- 
rent that  it  is  desired  to  draw  from 
the  amplifier. 


Optlmam  Power  of  Serial  Negative 
Impedance 


From  Eq.  (37)  it  is  plain  that 
the  power-handling  capability  is 
proportional  to  the  magnitude  of 
the  impedance  of  the  circuit  and 
the  square  of  the  current  through 
the  circuit.  Combining  Eq.  (37) 
and  (39),  the  power-handling 
capacity  of  the  series  negative  im- 
pedance is 

P - iPRi  + (EJ/20)  (1  - G)  (40) 


For  any  given  amplifier  there  is 
a value  of  current  at  which  the 
maximum  possible  P (measured  in 
volt-amperes)  can  be  developed  by 
the  negative  impedance.  This 
critical  current  may  be  obtained  by 
differentiating  Eq.  (40)  with  re- 
spect to  / and  equating  the  result 
to  zero.  This  gives 


(dP/dl)  = IS,  + 

(&/2 G)  (1  - G)  - 0 

j _ * . 

2 R,  G 


(41) 


From  which  the  maximum  volt- 
amperes  that  can  be  developed  by  a 
series  negative  impedance  is 


El 

iR, 


1 - G 
G 


(42) 
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FIG.  13 — ' Variation  of  F,  with  magnitude  and  phan 
of  amplification,  below  in  a detail  of  the  middle  portion 


If  the  maximum  current  I ap- 
proaches the  value  for  which  Eq. 
(40)  becomes  zero,  the  power 
capability  also  approaches  zero. 

An  example  of  a negative  resist- 
ance that  can  be  developed  by  an 
amplifier,  together  with  its  power 
capability  is  plotted  in  Pig.  18.  It 
shows,  for  instance,  that  the  actual 
amplifier  cannot  handle  unlimited 
values  of  current;  and  that  for  any 
given  amplifier  and  for  any  given 
maximum  current,  it  is  possible  to  | 
obtain  any  magnitude  0f  series  j 
negative  resistance  smaller  in  mag- 
nitude than  the  maximum  given  by 
Eq.  (39). 

Power  Limit  of  Skaat  Negative 
Impedaaces 

It  was  assumed  in  the  deriva- 
tions of  all  equations  that  in  this 
type  of  negative  impedance  the 
grid  of  the  tube  does  not  draw  any 
grid  current.  Therefore,  the  peat 
value  of  the  voltage  that  appears 
across  the  terminals  of  the  nega- 
tive impedance  must  not  exceed  the 
maximum  allowable  amplifier  input 
voltage.  This  voltage  is  deter- 
mined by  two  factors,  namely,  the 
direct  current  bias  of  the  first  tube, 
and  secondly,  the  amount  of  nega- 
tive feedback  used  in  the  amplifier. 
If  « is  the  maximum  voltage  that 
can  be  applied  to  the  input  of  the 
amplifier  without  producing  dis- 
tortion in  the  output  of  the  ampli- 
fier in  the  absence  of  feedback,  and 
A/3  is  the  feedback  factor,  then 
the  maximum  voltage  that  can  ap- 
pear across  the  input  terminals  of 
the  amplifier  is 

w = « (1  - A ft)  (« 
This  equation  determines  the  maxi- 
mum allowable  voltage,  and  the 
power  capability  of  the  negative 
impedances  will  then  be  given  by 
Eq.  (36). 

Amplifier  Fraqaancy  Ra»po»*« 

The  most  convenient  type  of  an 
amplifier  suitable  for  supplying  a 
negative  impedance  is  a two-stage 
resistance-capacitance  coupled  am- 
plifier, shown  in  Fig.  19-  ^ 
usually  desirable  to  stabilize  such 
an  amplifier  with  negative  feed- 
back to  improve  its  stability  an 
frequency  response.  The  effect  o 
negative  feedback  on  the  frequency 
characteristic  must  be  precise!}’ 
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known  because  the  frequency 
characteristic  determines  the  phase 
shift  introduced  by  the  amplifier 
Md  this,  in  turn,  determines  the 
type  of  impedance  that  results  in 
the  frequency  region  outside  the 
desirable  one. 

In  the  following  analysis,  this 
notation  will  be  used 
S = Effective  mutual  conductance  of  the 
tube 

C„  = mutual  conductance  of  the  tube 
Rr  = Plate  resistance  of  the  tube 



B"  " i + (RJR, i)  + (Rc/Rp) 

R — Rti  + ifc/Cl  “h  ffc/Rr) 

X,  = 1/2  t/C,  - the  reactance  of  the 
coupling  capacitor 

X,  = 1/2  t/C.  = the  reactance  of  the 
shunting  capacitor  from  plate  _ to 
ground  of  each  stage,  including 
stray,  wiring  and  tube  capacitances 
A ~ voltage  amplification  of  a stage 
without  feedback 

A.  = voltage  amplification  in  the  mid- 
frequency region 

i = Xc/R  = frequency  variable  for  low 
frequencies 

if  - R^J  X,  = frequency  variable  for 
the  high  frequencies 

The  above  notation  will  refer  to  the 
first  stage,  and  if  the  symbols  are 
primed,  they  will  refer  to  the  sec- 
ond stage.  Thus,  A is  the  amplifi- 
. cation  of  the  first  stage  and  A'  is 
V the  amplification  of  the  second 
stage. 

Effect  of  lias  Circuits 

If  the  cathode  resistors  in  Fig. 
19  are  unbypassed,  then  there  will 
be  a loss  of  gain  in  the  stage  due 
to  current  negative  feedback.  In 
' the  pentode  amplifier,  this  does  not 
modify  the  frequency  character- 
istic appreciably,  so  that  the  only 
te3U't  will  be  a reduction  of  the 
mutual  conductance  of  .the  tube.  It 
can  be  easily  shown  that  the  effec- 
-r  tive  mutual  conductance  of  a tube  is 

| . s”ittr,  w 

It  will  be  assumed  in  this  deriva- 
tion that  either  the  cathode  is  not 
by-passed  in  which  case  Eq.  (44) 
**  olds,  or  that  it  is  adequately  by- 
p ’ Pmmed  in  which  case  S = G„.  The 
. intermediate  case  is  of  no  impor- 
' , nce  imosuse  it  produces  additional 
I),as®  shift  in  the  amplifier  and 
is  should  be  avoided.  The  additional 
j ase  sfiift  due  to  the  improper  by- 
catbode  resistor  and  also 
to  6 screen  gr'd  dropping  resis- 
C-'  “r  's  discussed  in  the  literature.11 

! :n  e v°*bage  gain  of  an  implifier 
p j e mid-frequency  region  where 


no.  14 Variation  of  F,  with  amplification.  Figure* 

13  and  14  apply  to  series  negative  Impedance 

„„  ,hlf«  «c„r.  ..  by  .h,  : ■"»- 'Z  Z 


Ttrman  “>»”*  *h«  ““ 

A.  =>  SR«,  («)  distances  R,  and  R, 

The  voltage  amplification  at  the  low  Calculation  ef  Amplifier  Response 

frequency  end  of  the  frequency  The  totai  voltage  amplification  of 

range  is  the  amplifier  will  be 

A = (46)  at  low  frequencies 

and  for  the  high  frequency  end.  AA’  = (1  _ jL)  (i  _ jU)  (48) 

A = A°.,i  (47)  at  high  frequencies 

1 + Jn  AoA-o 

These  equations  refer  to  the  am-  aa'  = -(1  _ -jjjj  J + jHr)  (49' 

plification  of  the  first  stage  of  the  yolta  gain  of  the  amplifier 

amplifier  shown  in  Fig.  19.  A am-  ^ . negative  feedback  will  be 

ilar  set  of  equations  may  be  written  including  k 


low  Calculation  of  Amplifier  Response 

The  total  voltage  amplification  of 
the  amplifier  will  be 

(46)  at  low  frequencies 

AA' = (i  - jLHi  - W)  m 

(47)  at  high  frequencies 

,a“-  AA’-\x-m{Uim  (49) 


for  the  second  stage,  using  the  no- 
tation giyen  above.  It  must  be  re- 
membered that  the  amplification  of 


Cr  = AA'  - • (50) 

G l-RAA' 

Combining  Eq.  (48),  (49),  and 
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FIG.  15— Magnitude  and  phase  shilt  of  an  amplifier  from  which  shunt  negative  impedance  is  produced  must  be  known  as  a 
function  of  frequency.  The  dot-dash  curve  is  phase  shift  with  negative  feedback,  other  curves  are  gain 


(50),  the  following  results,  at  low 

frequencies 

at  low  frequencies 

° = fiA.A.'  - (1  -jL)  (1  - jl/)  <61> 
at  high  frequencies 

— A A ' 

0 = HAM  -a +]H)  a + }H')  (52) 

Also,  assume  that  the  second  stage 
is  a times  better  than  the  first,  at 
the  low  frequencies,  and  b times 
better  at  the  high  frequencies.  Or 
symbolically, 

a = L'/L 

b = H'/H 

Interpretation  of  Response  Equations 

Hence,  Eq.  (51)  and  (52)  can  be 
written 
at  low  frequencies 

° = PA.A''  - (1  -}i)(l  - jaL)  (53) 
at  high  frequencies 

G = CAM  - (1  +jHH  1 + jbJJ)  (54) 
These  are  vector  expressions  for 


the  gain  in  terms  of  the  frequency  spect  to  the  frequency  variable,  it 
variables  L and  H.  The  absolute  will  be  found  that  the  frequency 
value  of  the  amplification  and  response  curve  of  the  amplifier  has 
phase  shift  will  be  found  in  Table  peaks  at  the  low  and  the  high  end. 

II.  If  the  absolute  value  of  the  am-  Table  II  summarizes  all  the  perti* 

plification  is  differentiated  with  re-  nent  information  regarding  the  re- 


FIG.  16  Variation  with  frequency  of  gain  functions  of  the  amplifier  of  f>9-  15 
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sponse  characteristics  of  the  nega- 
tive-feedback amplifier  of  the  type 
shown  in  Fig.  19.  Figure  15  shows 
a typical  response  curve  of  the  feed- 
back amplifier. 

Output  Impedance  of  Amplifier 

Negative  impedances  obtained 
by  feedback  amplifiers  invariably 
contain  a term  due  to  the  output 
impedance  of  the  amplifier.  If  the 
amplifier  is  not  stabilized  by  nega- 
tive feedback,  the  output  imped- 
ance R,  consists  only  of  the  parallel 
combination  of  R„  and  R,  in  the 
mid-frequency  range,  and  is  af- 
fected by  the  coupling  capacitance 
Ce  at  the  low  frequencies  and  by 
C.  at  the  high  frequencies.  Thus, 
even  in  the  simplest  possible  case 
the  output  impedance  is  a function 
of  frequency  and  is  not  at  all  con- 
stant. 

When  negative  feedback  is  util- 
ized in  the  amplifier,  the  picture  be- 
comes more  complicated.  As  is  well 
known,  the  effect  of  voltage  feed- 
back is  to  reduce  the  output  imped- 
ance of  the  amplifier  in  the  fre- 
quency range  where  the  phase  shift 
in  the  amplifier  is  negligible.  But 
if  phase  shift  in  the  amplifier  is  not 
neglected,  there  will  be  frequency 
regions  where  the  output  imped- 
ance is  increased. 

Effect  of  Feedback 

Roughly  speaking,  output  imped- 
ance of  the  amplifier  is  affected  by 
three  factors.  First,  if  no  feedback 


is  used  R„  the  physical  output  im- 
pedance, is  a function  of  frequency 
as  explained  above.  Secondly,  in 
the  presence  of  negative  feedback 
in  the  amplifier,  the  output  imped- 
ance is  reduced  in  the  mid-fre- 
quency range,  but  when  the  ampli- 
fication begins  to  fall,  the  output 
impedance  will  be  increased  be- 
cause (due  to  phase  shift)  the  neg- 
ative feedback  will  actually  become 
positive.  Thirdly,  due  to  the  coup- 
ling between  the  two  stages,  the 
amplification  will  be  zero  at  the  ex- 
treme frequency  regions,  the  feed- 
back effects  will  disappear  and  the 
output  impedance  will  be  governed 
by  the  physical  output  impedances. 

From  this  it  is  evident  that  the 
problem  of  determining  the  output 
impedance  of  an  amplifier  is  not 
simple  and  the  exact  expression 
must  depend  not  only  upon  the 


FIG.  IS— For  a given  amplifier  then  Is  a 
limit  to  ths  power  that  can  be  developed 
by  each  value  of  negative  resistance  so 
produced 


TABLE  I 

Resistive  Component  of  Negative 
Reactance 


Frequency 

Region  Resistive  Component 
Shunt  Produced  Negative  Reactance 

Zi  — juLz  Zt  - i/juCt 
low  — + 

high  + 

Series  Produced  Negative  Reactance 

Zi  = jtuLs  Zi  — 1/jtaCt 
low  + — 

high  — + 


characteristics  of  output  elements 
but  also  upon  the  coupling  between 
the  two  stages.  It  is  possible  to 
analyze  the  output  impedance  of  an 
amplifier  completely  in  the  general 
case  where  the  two  stages  of  the 
amplifier  are  different.  However, 
the  results  obtained  from  such  an 
analysis  are  so  complicated  that 
they  become  of  little  actual  value 
and  it  is  simpler  to  handle  each  am- 
plifier separately.  But  to  show  the 
type  of  results  that  can  be  ex- 
pected due  to  the  various  effects,  a 
special  case  will  be  • considered 
where  the  two  stages  of  the  ampli- 
fier are  alike  in  their  frequency  re- 
sponse. While  the  relative  magni- 
tudes of  the  various  effects  will  be 
different  for  an  amplifier  with  dis- 
similar stages,  the  general  picture 
will  be  the  same.  Effects  due  to 
common  power-supply  impedance, 
additional  phase  shift  due  to  cath- 
ode and  screen  by-passing  will  be 
entirely  neglected  because,  by 
proper  design,  they  can  be  elimin- 
ated. 

Calculation  of  Oatpat  lmpe<fo«ce 

The  output  impedance  of  an  am- 
plifier without  negative  feedback 
may  be  defined  as  the  impedance 
looking  into  the  terminals  1 - 2 in 
Fig.  19  with  the  first  tube  of  the 
amplifier  disconnected.  It  will  be 
noticed  that  the  resistances  R . + & 
are  in  parallel  with  resistance  <?/• 
Resistance  R,  will  ordinarily  be  so 
high  that  it  will  not  shunt  R, ' 
preciably,  but  if  it  does  then  R, « 
must  be  corrected, 
at  low  frequencies 

fj  __  Rgl  (Rc  jXe)  (55) 

Rgl  + Rc'  “ J Za 


FIG.  17— Real  and  Imaginary  component,  o!  .hunt  negative  re.l*tanc. 

by  the  amplifier  of  Fig.  15  p CBd 
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Precision  Workmanship  + Engineering  Know-How 
=CONTACT  PERFORMANCE 


THE  constant  factor  in  this  equation  is  Mallory— known  as  Contact  Head- 
quarters by  manufacturers  of  relays,  industrial  controls,  business 
machines,  domestic  appliances,  circuit  breakers  and  other  electrical  and 
electronic  equipment. 

Precision  workmanship  at  Mallory  results  from  the  experience  which  skilled 
men  and  women  have  gained  in  working  with  precious  metals  and  special 
alloys.  For  instance,  depending  on  the  method  most  suitable  for  a specific 
assembly,  they  can  torch,  furnace,  induction  or  resistance  braze,  silver 
solder,  spot  projection  or  flash  weld,  spin,  rivet  or  stake  contacts  to  sup- 
porting members. 

Mallory  engineers  and  metallurgists  have  22  years  of  accumulated  know- 
how” in  designing  contacts  and  contact  assemblies  and  in  developing  special 
materials  such  as  Elkonium*  and  Elkonite*.  Ihey  have  created  more  than 
5000  designs  for  individual  contacts  and  complete  assemblies. 

Before  your  electrical  or  electronic  equipment  designs  are  blueprinted,  con- 
sult Mallory  engineers  about  contacts,  facilities  are  available  for  big  produc- 
tion or  small  orders  covering  contact  assemblies,  individual  contacts,  or 
contacts  joined  to  studs,  springs,  arms  or  brackets  furnished  by  you. 

P.  R.  MALLORY  & CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


f'  ^ P®'  fee  dertrie  cnnlactinn  dements. 


ELECTRICAL  contacts  and  contact  assemblies 
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le  frequency  response  of  which 
i impedance  that  it  will  produce 
uency 


FIG.  20 — Variation  of  amplifier  output  to- 
pedance  with  frequency  affects  the  magni- 
tude and  angle  of  negative  impedance 


ie  and  phase  of  the  amplifier  is  shown  in  Fig.  20  which  Rives  | - 

ut  impedance.  computed  and  experimental  curves  | 

ie  nature  of  the  impedance  for  the  output  impedance  of  a typ- 
itions  given  by  such  equations  ical  amplifier. 


Frequency 

variable 

Vector 

amplification 


Absolute 

magnitude 


Relative  Frequency 
TABLE  H 

Frequency  response  characteristics  of  a two  stage  resistance- 
copacitonce  coupled  amplifier  with  negative  feedback 

1 Low  Frequencies  | High  Frequencies 


~2*fCcR 

AqAq 

^ApAp'-fl-jLlfl-joL) 

-tan-'-,  M'*-)  „ 
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To  a line  of  resistors  already  broader  than  that 
of  any  other  manufacturer  in  the  entire  resistor 
industry,  IRC  has,  in  the  last  few  months, 
announced  several  new  and  important  con- 
tributions. Among  the  newer  developments 
having  wide-spread  application  in  the  elec- 
tronics field  are  the  components  here  briefly 


reviewed.  All  of  these  products  are  available 
In  reasonable  quantities  except  the  Type  BTR 
Resistor,  which  is  still  wholly  allocated  to  a 
special  war  project.  However,  samples  of  this 
unit  are  available  and  will  be  gladly  sent  for 
test  or  experimental  purposes.  Your  inquiries 
will  receive  prompt  and  welcome  attention. 


TYPE  BTA  1 WATT  METALLIZED 
INSULATED  RESISTOR 


Rugged  yet  light  in  weight 
and  of  neat  appearance  the 
PRT  conforms  fully  with 
AN3155  specs.  Has  heavy 
screw  type  terminals  at  rear 
of  enclosed  all-metal  housing. 
Available  in  25  and  50 
watt  models. 


Pencil-thin,  less  than  in  length  and 
conservatively  rated  at  one  watt  the 
BTA  is  a quality  resistor  throughout 
and  meets  RC30  specs.  Low  in  oper- 
ating temperature  it  has  proportion- 
ately high  wattage  dissipation. 


TYPE  BTR  Vi  WATT  METALLIZED 
INSULATED  RESISTOR 


Efficient  as  a tubular  wire 
wound,  the  type  FRW  has 
many  features  that  recom- 
mend it  for  limited  space 
use.  In  5 standard  sizes  to 
comply  with  JAN-R-26, 
specs  for  RW  20,  RW  21, 
RW  22,  RW  24  require- 
ments. 


Scarcely  bigger  than  a bump  on  a 
wire  (L  %'-Dio.  %•)  the  BTR 
watt  resistor  has  all  the  quality  char- 
acteristics and  features  that  have 
long  made  IRCs  BT  line  "Preferred 
for  Performance."  Suitable  for  Army- 
Navy  RC  1 0 applications.  Available 
postwar. 


TYPE  GRW 

GRADE  1 CLASS  1 RESISTOR 


No  bigger  round  than  a nickel 
and  wafer-thin,  this  control  will 
find  many  useful  applications 
in  the  smaller  electronic  de- 
vices. All-inclusive  design  elimi- 
nates the  usual  knob,  shaft  and 
bushing  without  impairing 
functional  operation. 


Thoroughly  dependable  and  of 
sound  construction  these  completely 
sealed  units  meet  or  surpass  every 
requirement  of  JAN-R-26  specs. 
Made  in’ 7 standard  sizes  with  power 
ratings  of  1 5 to  1 40  watts  and  resis- 
tance ranges  of  0.1  to  63,000  ohms. 
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Testing  Lathe  Spindles  for  Accuracy 


An  electronic  micrometer  which 
was  developed  to  test  the  perform- 
ance of  precision  lathe  spindles  was 
described  by  G.  M.  Foley,  research 
engineer  of  the  physics  department 
of  Battelle  Memorial  Institute,  Co- 
lumbus, Ohio,'  at  a meeting  of  the 
Chicago  section  of  the  American 
Society  of  Mechanical  Engineers 
during  June.  Accuracy  of  the  spin- 
dles was  previously  measured  only 
by  the  accuracy  of  the  parts  made 


on  the  machine  using  the  spindle. 

The  new  micrometer  measures 
very  small  motions,  of  the  order  of 
0.0000001  inch.  It  operates  without 
mechanical  or  electrical  contact 
with  the  moving  spindle  and  its 
sensitivity  is  variable  over  a wide 
range  of  operations. 

Principle  of  Operation 

The  instrument  consists  essen- 
tially of  an  oscillator  whose  fre- 


quency is  varied  by  the  changes  in 
position  of  the  spindle  being  meas- 
ured. The  output  of  this  oscillator 
feels  into  a discriminator  circuit  so 
that  changes  in  frequency  are  made 
visible  on  the  screen  of  a cathode- 
ray  oscilloscope. 

The  micrometer  is  used  to  mag- 
nify by  10,000  times  the  inaccura- 
cies of  the  spindle,  the  visible  pat- 
tern showing  the  effects  of  changes 
in  operating  conditions  of  the 
spindle  while  running.  It  is  equally 
capable  of  making  static  measure- 
ments on  the  roundness  of  the 
spindle  shaft  and  of  the  bearings 
of  the  spindle,  showing  the  steps 
which  should  be  taken  to  produce 
more  precise  spindles. 

The  micrometer  has  also  been 
used  to  make  a high-speed  dilato- 
meter  to  follow  the  crystalline 
changes  in  steels  during  rapid  heat- 
ing, and  may  be  suitable  for  a 
number  of  other  measuring  appli- 
cations requiring  high  speed  and 
high  sensitivity. 


Milling  Machine  with  Built-in.  Electronic  Control 


Electronic  feed  drive  for  table, 
cross-slide,  and  vertical  slide  (spin- 
dle head),  is  a built-in  feature  of  a 
new  Reed-Prentice  vertical  milling 
machine.  A centralized  pushbutton 
control  station  contains  all  the  con- 
trolling means  of  spindle  start, 
stop  and  jog  pushbuttons,  dials  for 
feed  rate  control,  pushbutton  to 
energize  the  electronic  units,  emer- 
gency master  stop  pushbutton  and 
a function  selector  switch. 

The  large  photo  shows  two  cen- 
tralized operating  levers,  in  easy 
reach  of  the  operator.  Facing  the 
machine,  the  group  of  controls  on 
the  right  is  for  the  table  and  the 
controls  on  the  left  for  the  slides. 
Each  set  consists  of  an  airplane- 
type  half-handwheel  and  a ball  grip 
lever.  This  gives  an  infinitely  vari- 
able feed  rate  in  either  direction. 
The  further  the  handwheel  is 
moved  from  center  or  neutral  posi- 
tion, the  higher  the  feed  rate  be- 
comes. Similar  to  a servo  control, 
this  arrangement  allows  the  oper- 
ator to  move  the  table  or  slides  with 
practically  no  effort.  The  5-position 
grip  levers  provide  feed  and  rapid 
traverse  in  either  direction.  The 
feed  rate  is  constant,  preselected 
and  controlled  by  the  position  of 


potentiometers  located  on  the  push- 
button station. 

The  operator  can  easily  set  the 
feed  rate  by  simply  adjusting  the 


potentiometer  knobs.  This  enables 
him  to  find  the  most  efficient  feed 
while  the  cutter  is  in  action. 

The  table,  cross-slide,  and  verti- 


"U“  y**™1  nU1UnV  machine  with  buUMn  electronic  feed  drive, 
t*  control  three  motor.:  one  U ior  the  table  motor,  while  the  other « 
twitched  bom  the  croewUde  to  the  vertical  elide  when  deabed 


150 


Digitized  by 


Auqnt  IMS -ELECTRONICS 


For  Anyone  Whose  Equipment  includes  Amplifiers,  Pulse 
Generators,  Measurement  Equipment,  Constant 
Frequency  Oscillators  and  Other  Apparatus  Requiring 
a Constant  Source  of  Laboratory  D.  C.  Power 


Reading  time  only  ten  minutes,  but  these  bulletins  will  bring  you  up  to  the  min- 
ute on  Regulated  Power  Supply  facts  and  figures. 

They  contain  complete  performance  and  operating  information  on  the  Harvey 
Regulated  Power  Supply  106  PA  and  the  Harvey  206  PA  that  are  setting  new  stand- 
ards of  performance  and  dependability.  And  they'll  show  you  the  design  refine- 
ments, operating  conveniences  and  precision  construction  that  makes  this  per- 
formance possible. 

Whether  or  not  you  have  an  immediate  need  for  a Regulated  Power  Supply  you 
should  have  these  bulletins  in  your  files.  We'll  be  pleased  to  forward  them  to  you 
on  request. 

HARVEY  RADIO  LABORATORIES/  IMC. 

43*  CONCORD  AVINUI  • CAMRRIDOI  SR#  MAIRACHURITT* 


1Ui 


Digitized  by 


Google 


151 


cal  slide  (spindle  head)  are  driven 
by  three  li-hp,  d-c  motors  with 
electronic  control  to  provide  infi- 
nitely variable  feed  rates.  The 
range  of  the  drives  is  from  less 
than  i inch  to  over  26  inches  per 
minute,  which  corresponds  to  a 
ratio  of  60:1  or  more.  The  elec- 
tronic units  provide  full-wave  rec- 
tification, armature  control  for 
motor  speed  below  1330  rpm  and 
field  control  for  motor  speed  above 
1330  rpm,  reversing,  overload  and 
undervoltage  protection,  armature 
voltage  drop  compensation  to  main- 
tain speed  within  close  limits  re- 
gardless of  load  fluctuation,  and 
dynamic  brake  stop  from  any  speed 
to  prevent  coasting. 

There  are  two  electronic  units 
for  the  control  of  the  three  motors 
— one  unit  for  the  table  motor  and 
the  other  one  for  the  cross-slide  and 
vertical  slide  (spindle  head)  mo- 
tors. Shift  of  the  latter  unit  from 
one  motor  to  the  other  one  is  ac- 
complished by  means  of  a selector 
switch  mounted  on  the  pushbutton 


Panel  oi  the  centralised  control  station 
ol  the  vertical  milling  machine.  The 
metal  case  oi  this  unit  is  dust-tight  so  a 
blower  Is  used  to  circulate  air  within  the 
box 

control  station.  The  electronic 
units  are  mounted  on  a hinged 
panel  and  enclosed  in  a sheet-metal 
box  of  dust-tight  type.  A blower 
is  mounted  inside  the  box  for  con- 
tinuous air  circulation. 


Radio  for  Emergency  Use  in  Mining  Operation 


In  the  Colorado  Rockies,  Tellu- 
ride  Mines,  Inc.  operate  two  hydro- 
electric generating  plants,  which 
supply  most  of  their  power  require- 
ments. Instant  dispatching  be- 
tween any  hydro-power  house  and 
its  water  source  six  miles  away  is 
imperative.  Telephone  systems  usu- 
ally provide  adequate  communica- 
tion but  such  systems  have  an  in- 
herent disadvantage;  they  can  only 
operate  when  wires  are  intact. 

Rock  slides  or  snow  avalanches 
30  feet  high  sometimes  rip  out  en- 
tire sections  of  telephone  line.  The 
situation  is  further  aggravated  by 
the  fact  that  Telluride’s  Blue  Lake 
Reservoir  lies  at  12,200  feet  in  the 
San  Miguel  Range.  Tapping  the 
bottom  is  a 1,610-foot  tunnel  thru 
solid  rock.  From  here  a 2-mile 
welded  steel  penstock  drops  to  the 
first  power  house  where  the  water 
pressure  is  800  lb  per  square  inch. 
The  average  annual  snowfall  at 
Blue  Lake  is  45  feet,  making  regu- 
lar winter  inspection  patrol  impos- 
sible. Because  of  the  high  pressure 
in  the  penstock,  leaks  are  cut  out 
and  enlarged  as  though  an  acety- 
lene torch  had  been  on  the  job, 
unless  the  inlet  water  valve  at 
Blue  Take  is  quickly  turned  off. 


Otherwise  the  penstock  may  be 
damaged  and  the  reservoir  dis- 
sipated. 

Uto  for  Radio 


Tests  with  General  Electric 
equipment  proved  to  the  mine  oper- 
ators that  two-way  f-m  radio  to 
supplement  the  telephone  facilities 
would  provide  emergency  protec- 
tion. 

Station  W2XCI  was  hauled  by 


installation  in  the  .lotion  waqon  wi 
operated  an  th.  floor  oi  Pandora  Bo 
Colorado.  Fred  Deeilteo.  G-E  olactroi 
“Vinaor,  chock,  reception 


pack  horse  to  Blue  Lake  at  12,200 
feet  elevation.  W2XCH  was  left  in 
its  own  station  wagon  to  operate 
on  the  floor  of  Pandora  Basin  at 
Telluride,  Colorado.  Both  W2XCI 
and  W2XCH  operate  on  an  as- 
signed experimental  channel  of 
35.46  Me  with  60  watts  of  carrier 
power.  These  were  the  same  vet- 
eran sets  used  successfully  in  tests 
conducted  by  GE  for  the  Denver  ft 
Rio  Grande  Western  Railroad. 

In  the  Telluride  demonstration, 
a severe  thunder  storm,  followed  by 
a Rocky  Mountain  blizzard,  oc- 
curred during  the  tests.  Reception 
was  clear  and  strong  and  no  light- 


ill 


At  th.  T.llurid.  Mine.  General  Electric 
f-m  equipment  warn  Med  ier  communi- 
cating between  a hydroelectric  get*01' 
Ing  plant  and  it.  water  Murce  sirt  mile* 
away.  A 80-w  tranmnltter  oi  the  type 
mod  in  the  experiment.  I*  ehown  abort 

ning  interference  or  snow  static 
came  thru  the  speakers.  The  line 
of  sight  discrepancy  between  the 
station  wagon  (9,020  feet)  and 
W2XCI  at  Blue  Lake  (12,200  feet) 
was  about  2,500  feet  due  to  inter- 
vening mountains.  This  proved  no 
barrier  to  successful  communica- 
tion because  of  a slight  bending 
and  multiple  reflection  of  the  f-m 
waves.  Radio  communication  was 
proved  practical — even  in  rugged 
mountain  terrain. 


Increased  Speed  for 
Electronic  Recorders 

Increased  industrial  use  of  elec- 
tronic recorders  has  been  made 
possible  by  stepping  up  chart  speeds 

of  Electronik  pyro-potentiometers. 
The  standard  speed  electronic  re- 
corders, single  or  multiple  P°m 


IS2 


Digitized  by 


As fest  IMS — ELECTRONICS 

Google 


I 

A 

Bosk  Ports  for  SI 


/Lmtnmci 


HmwwncMtq  G 

LINDSAY  ^ 


modern  method  of  snap 

ASSEMBLY  OF  LIGHT  SHEET 
METAL  PRODUCTS 
-*T  At  mtkm  of  UMbqr  Slracfm 

Recently  developed  by  Lindsay 
tnd  Lindsay  to  complement  Lindsay 
Structure,  Struc-Lok  extends  the  ad- 
vantages of  preformed  metal  struc- 
tures into  the  field  of  lightweight 
construction.  A new,  simplified 
method  of  snap  assembling  sheet 
metal  products,  SL  meets  the  need 
for  smaller  and  lighter  cabinets  and 
housings  than  are  built  from  Lindsay 
Structure. 

SL  consists  of  only  three  basic 
parts— framing,  panel  sheets,  and 
fittings.  Once  snapped  together,  they 
form  a rigid,  permanent  construc- 
, tion.  No  bolts,  screws,  trimming, 
fitting,  welding,  or  riveting  are  nec- 
' cssary  for  SL’s  assembly— making  it 
c excellent  for  line  production. 

r Available  in  24-  and  26-gauge  steel 

f andin6lST  aluminum,  SL  will  soon 
be  obtainable  in  copper  and  other 
alloys  as  well.  Adaptable  to  any  con- 
ventional design,  SL  readily  incor- 
porates openings,  louvers,  doors,  and 
•imilar  construction  details.  The 
•tardy  framing  supports  shelving, 
Woks,  machinery,  and  equipment 
without  requiring  additional  struts 
or  braces,  and  proves  ideal  for  cab- 
inets and  housings  for  electrical  and 
electronic  apparatus.  Write  for  infor- 
mation. Lindsay  and  Lindsay,  222-D  W. 
Adams  St.,  Chicago  6,  Illinois;  60  E.  42nd 
S*-,  Hsw  York  17,  New  York;  Lindsay 
Skodurs  (Canada)  Lid.,  Dominion  Square 
Bldg.,  Montreal. 
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models,  incorporate  gear  changes 
for  speeds  of  5,  10,  15  and  20 
inches  an  hour,  it  has  been  an- 
nounced by  Brown  Instrument 
Company. 

As  shown  in  the  accompanying 
illustration,  the  gears  are  changed 
by  removing  screw  C from  gears 


Penetron  Measures  Thickness  and  Density  with  Gamgna  Ran 


Gear*  A and  B,  shown  ahoy*,  can  bo 
roplacod  by  new  gears  for  faster  op- 
eration of  the  Brown  recorder 

A and  B and  by  lifting  the  gears 
from  the  assembly.  The  new  speed 
gears  are  then  installed  and  screw 
C is  replaced. 

Fast  speed  electronic  models, 
single  or  multiple  point,  will  have 
internally  mounted  gears  that  pro- 
vide speeds  of  10,  20,  30  and  40 
inches  an  hour. 


Secrecy  has  recently  been  lifted  by 
the  government  on  a new  device 
utilizing  electronic  and  radioactiv- 
ity principles  for  the  measurement 
of  thickness  of  solids,  metallic  or 
non-metallic,  and  for  determining 
liquid  level  and  liquid  density.  This 
device,  called  the  Penetron,  need 
only  be  held  against  one  side  of  a 
wall  to  obtain  an  accurate  measure 
of  wall  thickness  or  an  indication  of 
the  nature  and  level  of  the  liquid  or 
material  on  the  other  side  of  the 
wall. 

Principle  of  Operation 

In  operation  the  instrument  bom- 
bards material  with  gamma  rays 
which  are  derived  from  a needle 
containing  one  milligram  of  ra- 
dium in  the  form  of  a commercially 
available  salt.  These  gamma  rays 
travel  with  the  velocity  of  light  and 
are,  in  fact,  radiant  energy.  They 
are  not  deflected  by  magnetic  or 
electrical  fields.  Some  of  these  rays 
are  back-scattered  by  the  electrons 
of  the  atoms  in  the  material  being 
inspected,  so  that  they  emerge  from 
the  material  on  the  same  side  as 
they  entered.  The  intensity  of  the 
back-scattered  radiation  increases 
as  a direct  function  of  the  thick- 
ness of  the  material  at  the  spot  be- 
ing measured.  By  measuring  the 
intensity  of  this  back-scattered  ra- 
diation, the  thickness  of  the  mate- 
rial, whether  it  be  steel,  aluminum, 


Typical  calibration 
CUTYOI  for  flat  platoa 
of  YariouB  materials. 
Tbe  maximum  measur- 
able thickness  for  a 
giren  material  is  that 
at  which  further  in- 
creases in  thickness  do 
not  affect  the  meter 
reading 


Wall  thickness  meas- 
urements (in  hundredths 
of  an  inch)  made  from 
the  outside  of  a large 
surge  drum,  with  con- 
tour lines  drawn 
through  points  of  equal 
thickness.  Smallest  con- 
tour loops  show  serere 
erosion  of  wall  material 


plastic,  brass,  wood,  or  any  other 
substance,  can  be  obtained  with  ex- 
treme accuracy.  By  the  same 
means,  liquid  levels  and  liquid 
densities  are  also  obtained. 

The  radium  source  is  surrounded 
with  a shield  containing  a window 
which  directs  the  beam  of  gamma 
rays  in  the  desired  direction.  The 
thickness  and  design  of  the  shield 
were  arrived  at  after  a careful 
study  of  the  allowable  dosages  of 
gamma  rays  to  which  the  average 
individual  may  be  exposed  without 
any  physiological  effects. 

In  order  that  the  measurement  of 
back-scattered  radiation  may  be 
made  with  a high  degree  of  accur 
acy,  it  is  necessary  to  set  up  the 
source  of  radiation,  the  wall  and 
the  detector  in  accordance  with  s 
pre-determined  geometric  arrange- 
ment. A metal  shield  is  positioned 
between  the  radioactive  source  and 
the  radiation  detector  to  prevent 
direct  radiation  from  entering  the 
detector. 

The  radiation  picked  up  by  the 
detector  creates  current  discharges 
which  are  amplified  and  integrated 
to  produce  a direct  current.  The 
amount  of  current  produced  is 
measured  by  a microammeter. 

Calibration  Curves 

In  order  to  convert  the  reading 
of  the  microammeter  into  wall 
thickness  in  inches,  the  instrument 
is  calibrated  on  specimens  of  tub- 
ing and  flat  plates  having  known 
wall  thicknesses.  Because  the  geo- 
metrical relationship  between  the 
measuring  head  and  the  wall 
changes  with  the  curvature  of  the 
wall,  it  is  to  be  expected  that  the 
calibration  curves  for  a wall  of  a 
given  composition  will  vary  depend 
ing  on  the  diameter  or  curvature 
of  the  wall  or  vessel  being  meas- 
ured, and  on  whether  the  measure- 
ments of  curved  surfaces  are  made 
from  the  outside  or  from  the  inside 

Calibration  curves  have  to  be  es 
tablished  only  once  and  are  fur 
nished  with  the  instrument  The 
curves  are  not  affected  by  small 
changes  in  the  chemical  composi- 
tion of  the  material  comprising  the 
wall.  For  example,  the  calibration 
curves  for  iron  also  apply  to 
loyed  steels. 

Wall  thickness  measurements  can 
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— Shure  offers  a complete  microphone  line.  \ ou  will 
find  the  proper  microphone  for  every  need  above.  A 
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Note  these  8 New  Features! 

In  addition  to  having  ALL  the 
values  of  the  ordinary  slide-rule, 
the  new  Multi-Slide  Rule  has: 


Clear,  legible  print . . . Tough,  durable 
for  long  wear  . . . Size  10"  x 4". . . Fits 
3-ring  binder ...  In  case . . . Full  instructions 
...TRANSPARENT  PLASTIC  INDICATOR... 

STANCOR  now  offers  the  entire  elec- 
tronic industry  the  new  Multi-Slide  Rule. 
First  developed  for  our  own  use,  it  is 
today  made  available  to  all . . . Greatly 
simplifies  calculation  of  unlimited  range 
of  problems ...  A genuine  professional 
rule— not  a toy.  This  rule  is  obtainable 
ONLY  THROUGH  STANCOR  JOBBERS.  PLEASE 
DO  NOT  ORDER  DIRECT.  See  your  local 
directory  fox  the  name  of  the  Stancor 
jobber  in  your  city  or,  write  for  his  name, 
nice  of  Stancor  Multi-Slide  Rule:  One 
Dollar! — America's  biggest  slide-rule  bar- 
gain—a service  to  the  trade  by  Stancor. 

STANIAII  TRANSFORMER  CORPORATION 

1500  N.  RUSTED  ST.  CRICA00  22.  ILL. 
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be  made  on  pipes  or  vessels  which 
contain  fluids,  provided  a correc- 
tion is  made  to  take  into  account  ( 
the  influence  of  the  fluid  on  the 
reading  of  the  instrument.  The 
magnitude  of  this  correction  is  de- 
pendent upon  the  density  of  the  1 
fluid,  but  for  practical  purposes  the  ' 
necessary  correction  can  be  made  . 
simply  by  establishing  a calibration  ' 
curve  for  pipes  of  known  wall  thick-  ; 
ness  filled  with  the  same  fluid. 

With  any  electronic  equipment, 
failures  of  tubes,  capacitors  and  i 
other  parts  are  to  be  expected.  In  j 


||  Pad 'io active  source 
(I  mg  radium  ), 

| Meta!  wall t ft 




Shield 


_i: 

Radiation  detedor 
(Geiger-  Muller 
counter) 


I to  he  - — * < //.  scattered  ] 

{ measured  | ' radiation 


Operating  principle  of  the  Penetron,  a 
new  radioactive  instrument  for  msaiar- 
inq  tha  ihicknMs  ol  a wall  when  only  | 
on.  aid.  oi  tho  wall  !■  accoulblo 


order  to  detect  such  failures,  a set 
of  concentric  half-round  steel  shells 
and  a calibration  curve  for  these 
standard  shells  are  supplied  with 
the  instrument.  By  measuring  the 
thickness  of  the  standard  shells,  the 
operation  and  overall  performance 
of  the  instrument  may  be  checked 
quickly  at  any  time.  Equipment 
failures  of  any  type  will  be  reflected 
by  a deviation  from  the  standard 
calibration  curve. 

Measuring  Limits  and  Accuracy 

In  general,  calibration  curves  for 
the  instrument  have  a rather  steep 
slope  for  the  smaller  wall  thick- 
nesses but  tend  to  flatten  out  with 
increasing  wall  thickness.  The 
thickness  at  which  flattening  of  the 
curve  starts  is  the  limit  for  accur- 
ate measurements.  The  accompany- 
ing calibration  curves  show  that  the 
Penetron  can  be  used  for  measur- 
ing iron  or  steel  walls  up  to  ap- 
proximately 0.75  inch  thickness. 
For  other  materials  the  limit  is 
different,  being  approximately  one 
inch  for  aluminum.  This  limitation 
is  due  to  the  fact  that  the  penetra- 
tive power  of  deflected  or  scattered 
gamma  rays  is  less  than  that  of  the 
primary  rays  and  rays  which  are 
deflected  beyond  a certain  depth  are 
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Tells  when  it’s 


tune  {a 


G-E  time  meters,  Type  KT, 
keep  an  accurate  record  of  hours 
of  tube  use;  tell  you  when  it  is 
time  to  replace  tubes. 

Driven  by  precise  Telechron 
motors,  G-E  time  meters  are  supplied  to  register  in 
either  hours,  tenths  of  hours,  or  minutes,  and  for 
operation  on  25-,  50-,  or  60-cycle  a-c,  at  11,  115, 
230,  or  460  volts.  Available  in  round  or  square  cases 
for  panel  mounting,  round  cases  for  conduit  mount- 
ing, and  as  a portable  unit  for  intermittent  checking 
and  laboratory  use.  Write  for  Bulletin  GEA  3299. 
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How  to  Kill/ 


Particularly  effective  in  the  band 
frequencies  from  200  kilocycles  to 
20  megacycles,  G-E  pi-type  filters 
are  especially  suited  to  suppressing 
radio  noises  caused  by  generators,  dynamotors,  in- 
verters, and  similar  equipment  used  on  aircraft. 
Rated  25,  100,  and  200  amperes  at  50  volts,  d-c, 
they  comply  with  the  requirements  of  U.S.A.A.F. 
Specifications  No.  32331-A. 

Where  economy  calls  for  lower-cost  filtering,  the 
G-E  thru-stud  capacitor  provides  effective  filtering 
from  200  kilocycles  up  to  38  megacycles  with  attenua- 
tion characteristics  far  superior  to  those  of  conven- 
tional capacitors.  Weighs  only  4 ounces.  Write 
for  Bulletins  GEA-4098A  and  GEA-4308. 
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Timely  Highlights  j 
on  G-E  Components 


Just 


These  new  1 J/g-inch  G-E  panel 
instruments,  just  the  diameter  of 
a silver  dollar,  are  less  than  an 
inch  deep  and  weigh  only  three 
ounces.  Yet  they  incorporate  all 
the  desirable  features  associated  with  the  unique  G-E 
internal-pivot  construction,  and  are  accurate  to  within 
plus  or  minus  2 per  cent. 

Fast  response  and  high  resistance  to  vibration  are 
vo  of  the  advantages  of  this  instrument’s  high  torque 
and  light-weight  moving  element,  while  good  damping 
3 reading  both  easy  and  accurate. 

„ applied  for  direct-current,  radio-frequency,  and 
■4 1 Vp  [?'‘requency  service,  in  both  watertight  and  con- 
..J  tional  cases.  Write  for  Bulletin  GEA-4380. 


Capacitors  • Sensitive  control  and  time-delay 
relays  * Limit  switches  • Motors,  dynamotors, 
amplidynes  • Motor-generator  sets  • Alnico 
I magnets*  Small  panel  instruments*  Formex* 

| magnet  wire ‘Radio  transformers  •Switchettes 
• Selsyns*  Chokes*  a/so  tubes,  crystals,  plastics 
j products,  insulation  materials,  and  many  others 

General  Electric  Company 
App.  Dept.,  Sec.  642-8 
Schenectady  5,  N.  Y. 

Please  send  me: 

GEA-4280 
GEA-4424 
Data  on  relays 
GEA-2176A 

NAMe"KW  d"U  '‘"‘i'able  in  'or  Product  Deboers 

COMPANY 

ADDRESS 

City STATE 


GEA-3299 
GEA-4093 
- GEA-4098A 
and  -4308 
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PENETRON 


(continued) 


Use  ONE  Self-locking  PALNUT 


A Self-locking  PALNUT  Type 
\VT  rci>lacoi  mure  expensive  jam 
nut  ami  lockwasher  on  this 
volume  control,  saving  iu  cost 
of  material  ami  labor. 


fii J* 


Instead  of 

Two-Piece  Fastenings 

By  using  a self-locking  PALNUT  in  place 
of  a regular  nut  and  lockwasher,  you  cut 
the  cost  of  fastenings  in  half  and  reduce 
assembly  time  50%.  At  the  same  time, 
the  PALNUT  double  locking  action*  keeps 
parts  tight  under  vibration. 

Self-locking  PALNUTS  are  especially 
adapted  to  fast  moving  assembly  lines,  be- 
cause they  apply  speedily  with  power  driv- 
ers or  Yankee  drivers.  Fit  into  same  space 
as  hex  nuts.  PALNUTS  are  single 
thread,  spring  tempered  steel  locknuts,  re- 
quiring onlv  t screw  threads.  Very  low  in 
cost.  Available  in  a wide  range  of  types, 
sizes,  finishes  and  materials. 


• DOUBLE  LOCKING  ACTION 

Archrrl.  nl‘irif.1  aril*  the 

boh  like  a chuck  while 

sprirnt  tf-sion  is  exerieil  upward 
on  ihc  h*ili  thread  and  down- 
ward on  the  part  (A-A).  aecurdy 
locking  both. 


Send  details  of  assembly  for  samples.  Write 
for  Palnut  Manual  No.  2,  giving  data  on 
principle,  advantages,  application,  types, 
sizes,  etc. 

The  Palnut  Co.  77  Cordier  St.,  Irvington  1 1 , N.J. 


Self-Locking  PALNUTS 
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completely  absorbed  before  reach- 
ing the  surface  as  back-scattered 
radiation.  Only  thin  sheets  of  lead, 
up  to  about  0.1  inch  thick,  can  be 
measured  accurately  because  the 
high  atomic  number  of  lead  ap- 
proaches that  of  radium  and  en- 
tirely different  effects  take  place. 

The  accuracy  of  the  instrument 
has  been  established  by  conducting 
hundreds  of  experiments  with  speci- 
mens of  unknown  wall  thickness. 
After  determining  the  thickness  by 
means  of  the  Penetron,  the  speci- 
mens were  drilled  and  calipered  me- 
chanically. By  this  method  the 
Penetron  has  been  established  to 
have  an  accuracy  within  plus  or 
minus  3 percent. 

The  Penetron  measures  the  av- 
erage thickness  over  an  area  of  ap- 
proximately one  square  inch.  For 
this  reason,  it  cannot  be  used  for 
the  detection  of  cracks,  pin-holes, 
or  pin-hole  type  corrosion,  nor  can 
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Cal.bration  curve*  lor  outside  meaiwv 
meats  on  iron  plains  and  iron  tubiov 

it  differentiate  between  the  com- 
ponent layers  of  laminated  con 
struction.  It  measures  the  to 
thickness  or  volume  and  not  t e 
thickness  of  any  one  layer.  If,  how- 
ever, a laminated  wal.  is  compose 
of,  say,  two  layers  of  different  uw 
terials,  the  Penetron  can  be  used  to 
measure  the  thickness  of  e> 
layer  provided  the  thickness  of  e 
other  layer  is  known.  In  this  case 
the  thickness  of  the  unknown  la)e 
is  determined  as  the  difference  e 
tween  the  total  thickness  and 
thickness  of  the  known  layer. 

ISO  Measurements  per  Day 

The  individual  pulses  of  current 
created  in  the  detector  do  not  ° 
low  each  other  at  regular  interv 
because  the  rate  of  emission 
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FIBERGLAS  and  MICA  WERE  JOINED  IN  UNION 


the  story  of  a SHOTGUN  WEDDING! 


The  Electrical  Industry  just  had  to  have  insulating  tapes 
and  sheets  which  would  withstand  the  rigors  of  extreme 
dielectric,  extreme  heat  and  extreme  moisture  and  have 
great  mechanical  strength  despite  extreme  thinness  in 
order  to  meet  the  specs  for  space  and  weight . . . and  so 
with  the  pressure  on 


and  the  progeny  of  the  "blending"  are  happily  at  work, 
promoting  efficiency  throughout  the  electrical  industry 
where  prior  to  the  "marriage"  let-downs  frequently 
occurred. 


MITCHELL-RAND 

hr  56  YEARS 
THI  ELECTRICAL 
WSUUTION  _ 

headquarters* 
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Joint  Army-Navy  R93  Specification 
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JAN  Paw #f 

Shallcross 

Shallcross 
Powor  Ratings 

Ratings 

Watts 

Typa  Numbors 

Watts 

0.25 

175 

0.25 

176* 

0.25 

1/3 

183 

183-A 

0.5 

0.5 

186* 

0.5 

0.5 

193* 

1.0 

03 

196 

1.0 

1196** 

1.0 

1.0 

116 

2.0 

1.0 

11 10” 

2.0 

0.75 

100 

1.0 

Suggest  JAN  20  or  JAN  22 

1.5 

110 

2.0 

0.4 

120 

0.25 

03 

140 

0.5 

0.6 

160 

1.0 

0.25 

181-A 

05 

NOTE  I * Indicates  Maximum  JAN  Dimonsloltt. 

**  Indicates  Hermetically  Sealed  Reslster. 


gamma  rays  by  radium  is  quite  ir 
regular.  The  emission  follows  cer 
tain  statistical  laws  and  fluctuates 
around  an  average  value.  The  ac 
curacy  with  which  this  average 
value  can  be  determined  experimen 
tally  increases  as  the  time  of  obser- 
vation is  increased.  Considerations 
along  these  lines  lead  to  the  estab- 
lishment of  a minimum  time  for 
any  measurement  in  radioactivity 
in  order  to  achieve  a required  ac 
curacy.  In  the  case  of  the  Penetron 
the  minimum  time  for  each  reading 
is  25  seconds. 

Allowing  for  moving  the  instru- 
ment, set-up  time  and  recording  of 
results,  in  actual  field  work  it  has 
been  found  that  it  is  easily  possible 
to  make  measurements  at  150  or 
more  points  during  a working  day 

Determination  of  Liquid  Level 

The  instrument  accomplishes  its 

various  functions  by  accurately 
measuring  the  amount  of  back-scat 
tered  radiation.  If  the  head  of  the 
Penetron  is  placed  on  the  wall  of  a 
vessel  partially  filled  with  liquid 


jro  tm 
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JAN  R93  and 
SHALLCROSS 
Akra-Ohm 

, Accurate  Fixed  Wire  Wound 
RESISTOR  TYPES 


lN3f 


Write  today  for  Shallcross  Resistor  Engineering 
Bulletin  R giving  full  details  on  Akra-Ohm  Re- 
sistors for  every  need  and  including  mounting  and 
terminal  designs;  dimensions:  power  dissipation; 
resistance  alloys:  moisture  and  fungus-proofing  and 
i hermetic  sealing  data:  temperature  coefficient  of 
resistance  and  maximum  resistance  charts. 


W1 


2,0 

PHI 


l\ 


Control  bon  of  loto.1  industrial  t«« 
of  tho  Ponotron.  Th.  Mvcn-wtoc 
at  tho  loft  qoos  to  tho  dotoclw 
and  the  other  cable  goes  to  any 
volt.  60-cycle  power  source 


SHALLCROSS  MFG.  CO. 

e ’VedhjHtnd.  e TflciHufricturun* 

DIPT.  E-85.  COILINODA1I,  PA. 


and  above  the  level  of  the  liqui  , 
amount  of  back-scattered  ra  ia  ( 
I will  be  due  entirely  to  the  w 
the  vessel,  since  the  density  ° 
air  or  vapor  in  the  vessel 
stantially  negligible  by  comp*  .j 
with  the  density  of  the  ma 
comprising  the  wall. 

If  the  head  is  moved  down  «JJ  ! 
the  wall  of  the  vessel  the  re 
of  the  instrument  will  remai 
stant  until  it  reaches  a point  oppw 
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BLOWING 


WHEELED  VACUUM 


DEVELOPMENT  OF 
MALLEABLE  BERYLLIUM 


2,000,000-VOLT 
PRECISION  X-RAY  TUBE 


PRECISION  ELECTRON 
CONTROL 


CASTING  IN  A 
VACUUM 


The  ^ 
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complete  Machlett  ™ 
story  includes 


Xt\ 

\ service 


■V 

PERFECTED  OUTGASSING 


C0/VSULTA  T,0ti 


The  above  ten  Machlett  techniques 
reflect  only  a part  of  one  side  of 
Ihis  organization  — that  of  technical 

capability. 

It  takes  much  more  than  even  the 
Nghest  techniques  to  make  a business 
great.  There  is  also  required  a 
thorough  knowledge  of  customers' 
requirements,  and  that  conscientious. 
Painstaking,  continuing  meeting  of 
"'em  called  "service.” 

•lust  as  there  is  the  most  intimate 
relationship  between  an  electron  tube 
and  equipment  with  which  it  is 
connected,  so  there  is  a close  and 
constant  contact  with  our  customers. 

Electronics — August  t»« 


With  them  we  are  never  in  competi- 
tion, and  thus  we  may  be,  and  often 
are,  called  upon  to  do  design  and 

development  work,  to  live  with  tube 
and  equipment  problems,  and  coop- 
erate in  solving  them.  We  often  follow 
through  all  the  way  to  the  ultimate 
users,  to  make  certain  of  their  satisfac- 
tion and  see  that  conditions  of  use 
are  such  as  to  assure  optimum  results 
and  economy.  It  is  a long-established 
Machlett  practice  not  merely  to  accept 
but  to  seek  out  every  opportunity  to 
serve.  Thus,  Machlett  customers  obtain 
much  more  than  the  best  possible  tubes. 

When  you  need  a medical  or  indus- 


trial X-ray  tube,  or  a radio  or  industrial 
oscillator,  amplifier  or  rectifier,  it  will 
pay  you  to  choose  a Machlett.  Write 

for  information  as  to  available  types, 
identifying  the  associated  equipment 
and  nature  of  use.  Machlett  Labora- 
tories, Inc,  Springdale,  Connecticut. 

MACHLETr 


APPLIES  TO  RADIO  AND  IRDUSTRIAL  OSES 
ITS  ^g^YEARS  Of  ELECTROO-TOOE  EXPERIENCE 
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PENETRON 


QUICK  DELIVERY  ON  LEADING  MAKES  OF 

£tecfo<wUc  Met 


G.E. 

MALLORY 

ATR 

ELECTRONIC  LAO. 
JANETTE 
EICOR 
PIONEER 
RATO 
C.T.C. 
STANCOR 
KNIGHT 

ELECTRO  PRODUCTS 
WINDCHAR6ER 


types  and  makes  of  power  supplies 
L/ 'X  are  centralized  at  ALLIED.  This  enables 
government  and  industry  to  obtain  needed  units 
in  the  shortest  time  possible.  Quite  a few  types 
are  on  hand  for  rush  delivery. 


Here  you  find  Low  Voltage  High  Current  Sup- 
plies for  aircraft,  battery  charging,  plating,  etc.; 
Vibrator  and  Rotary-Type  Converters  and  Inver- 
ters for  frequency  changing  and  for  converting  A.C. 
to  D.C.  and  D.C.  to  A.C.;  Gas-Engine,  Wind-Driv- 
en, and  Motor-Driven  Generators;  Vibrapacks  for 
mobile  operation;  Dry  Batteries;  and  general  utility 
Power  Supplies.  Also  Dry  Disc,  Electronic  and 


Helpful 

BUYING 

GUIDE 

Available 
on  Request 


Vibrator  Rectifiers. 

Save  time  and  work . . . call  ALLIED  First! 
Use  our  complete  stock  and  procurement  service. 

WRITE,  WIRE,  OR  PHONE  HAYMARKET  6800 


ALLIED  RADIO 


CORPORATION 

833  W.  Jackson  Blvd.  • Dept.  24-H-5  • 


Chicago  7,  Illinois 


SUPPLIERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
Electronic  Tibet,  Rectifiers,  Power  Supplies,  Intercommunicetioi  System!,  Sound  Systems,  Pboto-Ccll  Equip- 
rntnt.  Batteries,  Charters,  Converters,  Generators,  Supplies  for  Resistance  Welders,  Fuses,  Test  Instruments, 
Meters,  Broadcast  Station  Equipment,  Relays,  Condensers,  Capacitors,  Resistors,  Rheostats,  Transformers, 
Switches,  Coaxial  Cable,  Wire,  Soldering  Irons,  Microphones,  Speakers,  Technical  Books,  etc. 


(continued) 

site  the  level  of  the  liquid  in  the 
container.  At  this  point,  the  meter 
of  the  instrument  will  indicate  an 
increase  in  the  amount  of  back-scat- 
tered radiation,  due  to  the  fact  that 
the  radiation  passing  through  the 
wall  is  scattered  not  only  by  the 
wall  but  also  by  the  liquid  in  the 
vessel.  By  noting  the  point  on  the 
wall  of  the  vessel  at  which  an  in- 
crease in  the  reading  of  the  instru- 
ment is  obtained,  it  is  possible  to 
locate  the  level  of  the  liquid  quite 
accurately.  Likewise,  the  interface 
between  two  fluids  of  different 
densities  can  be  located  easily  and 
accurately  from  the  outside  of  a 
container  without  actual  access  to 
the  interior  of  the  container. 

By  proper  instrumentation,  the 
Penetron  may  be  adapted  to  control 
as  well  as  to  locate  liquid  levels.  In 
addition,  a continuous  record  of  the 
location  of  the  levels  may  be  ob- 


Measuring  head  in  magnet-typo  holder 
designed  lor  use  on  ierrous  tubing 


tained  by  employing  a recording 
device.  Liquid  level  measurements 
which  may  be  made  with  the  Pene- 
tron include  gaging  liquids  in  stor- 
age tanks,  gaging  liquefied  gases  in 
cylinders,  controlling  levels  in  proc- 
ess units  such  as  the  solvent-oil  in- 
terface in  a solvent  refining  tower, 

and  determining  and  controlling  the 
catalyst  level  in  catalyzed  chemical 
reactions. 

Determination  of  Specific  Gravity 
Fluids 

All  penetrating  radiation  is  to  a 
certain  extent  scattered  or  diffusely 
reflected  by  the  material  it  tra- 
verses and  the  degree  of  scattering 
is  a function  of  the  number  o 
electrons  encountered  by  the  pene- 
trating rays  in  their  passage 
through  the  material.  Since  the 
total  number  of  electrons  present  m 
a unit  volume  of  any  substance  is 
closely  related  to  the  density  of  tba 
substance,  it  is  apparent  that  the 
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FLEXIBLE  VARNISHED  OIL 
TUBING:  This  product  find*  op 
plication  where  immunity  to  cor- 
rosive fumes,  ocids,  alkalis  and 
solvents  is  essential.  It  '*  ,m 
pervious  to  moisture  and  non- 
hyqroscopic.  An  important  insu- 
lation lor  chemical  installation. 


Chemical  plants — tough  proving  grounds  for 
any  type  of  electrical  insulation — involve 
severe  deteriorating  influences;  acids,  alkalis, 
solvents,  corrosive  fumes,  vapor,  moisture  and 
humidity  are  usually  encountered.  Not  to  be 
outdone,  wide  temperature  fluctuations  add 
materially  to  the  hazards  of  insulation,  too. 


j|  fcj.  TURBO  Sleevings  — diversified  in  characteristics  — 
provide  solutions  to  these  adversities.  They  are 
mLJSrV  available  in  four  types  to  meet  specific  operating 
conditions — Extruded  Tubing  for  Immunity  to  sub- 
Mrs  temperatures;  Varnished  Glass  Tubing  for  resistance  to  high 
hsot;  Flexible  Varnished  Oil  Tubing  for  resistance  to  chemicals. 


majors  in 
emical  field 


...and  sets  new 
standards  for 
electrical  insulation 
efficiency  for 
all  industries! 


•asisture,  etc.  All  feature  perfect  concentricity  and  smooth  bore 
for  rapid  and  easy  installation. 

TURBO  Wire  Markers,  too,  are  supplied  in  all  sizes,  colors  and 
"^rkings.  They  are  easily  applied,  permanent  and  simplify 
ntaintsnance  and  repair.  Write  today  for  the  free  TURBO  Sample 
•P*clmens  and  sizes  of  each  type  tubing  are  included. 

WILLIAM  BRAND 
& COMPANY 

,74  FOURTH  AVENUE,  NEW  YORK  10,  N.  Y. 

,15  W.  HURON  STREET,  CHICAGO  10,  III. 


WIRE  IDENTIFICATION  MARK- 

ERS:  Now  available  in  two  types 

sleeve  and  tab 

Furnished  in  any  color  and  mark- 
ing, they  reduce  identification 
ond  tracing  of  piping,  conduits 
and  cables  to  an  accurate  split 
second  procedure. 
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TELEX  MAGNETIC  RECEIVERS 


for  "EVERY-SYLLA B LE"  clarity 


Tiny  and  jewel-like  in  appear- 
ance, Telex  Magnetic  Receivers 
are  rugged  enough  to  withstand 
the  humid  heat  of  the  tropical 
jungles  of  New  Guinea  or  the 
damp,  freezing  fogs  of  Kiska.  Here 
Telex  Magnetic  Receivers  received 
their  first  baptism  of  fire  under  the 
brutal  abuse  of  roaring,  jerking 
tanks— the  abuse  of  actual  com- 
bat on  the  beachheads.  Here  the 
clarity  and  rugged  dependability 
of  Telex  Magnetic  Receivers 
brought  unfailingly  the  vital  mes- 
sages of  battle  to  the  inaccessible 
outposts  of  the  front  line.  Of  this 
service  to  our  fighting  men,  Telex 
is  justifiably  proud. 


Today  . . . drawing  upon  this 
wealth  of  experience  Telex  engi- 
neers continue  with  new  and 
marked  advancement  in  tiny 
magnetic  receivers.  Improvements 
that  set  new  high  standards  in 
high  fidelity  reception  and  control 
of  sound  communication. 


You  may  need,  for  your  own 
products,  this  type  of  dependable 
nigh  fidelity  receivers.  If  so,  use 
Telex  Magnetic  Receivers  for  any 
equipment  needing  high  fidelity 
and  absolute  clarity  under  all  at- 
mospheric conditions  — for  any 
equipment  needing  the  utmost  in 
rugged  dependability — for  any 
equipment  needing  gem-like 
beauty  of  magnetic  receiver  design. 

Products  such  as  wearable  ra- 
dios, airplane  and  airport  receiv- 
ers, IC  systems  for  railways,  tele- 
phone equipment,  modem  dictat- 
ing equipment,  medical  equip- 
ment and  all  types  of  sound  re- 
search equipment  are  but  a few 
that  can  be  improved  by  the 
clarity  and  dependability  of 
Telex  Magnetic  Receivers. 

• • • 

Should  your  postwar  needs  re- 
quire the  creative  ability  of  Telex 
engineering  research,  let  Telex 
help  you.  Watch  Telex  for  new 
electronic  developments. 


ELECTRONIC  PRODUCTS  DIVISION 

MINNEAPOLIS  1.  MINNESOTA 


PENETRON  Icontinwd) 

ti 

amount  of  scattering  per  unit  vol- 
ume is  largely  dependent  upon  the 
density  of  the  material.  Therefore, 
as  the  density  of  the  material  in- 
creases the  amount  of  back-scat- 
tered radiation  detected  also  in- 
creases and  for  practical  purposes 
the  Penetron  measures  density.  For 
this  reason,  the  density  of  a fluid 
inside  of  a container  may  be  de- 
termined directly  without  access  to 
the  fluid  itself.  In  experimental 
work  employing  a Penetron  situ- 
ated on  the  outer  wall  of  a container 
having  a wall  thickness  of  0.3  inch, 
it  was  found  possible  to  check  the 
specific  gravities  Of  fluids  having 
values  of  between  10  deg  Baume 
and  75  deg  Baume  with  a high  de- 
gree  of  accuracy.  This  measuring 
t opVin  imip  ran  be  used  advanta- 


Measuring  head  used  with  hydraulic 
type  holder  for  inside  measurements 
of  tubing,  made  when  the  outside  is 
inaccessible 


geously  only  for  determining  speci- 
fic gravity  of  liquids  in  tankage, 
routing  the  flow  of  oil  in  pipe  lin®> 
control  of  blending  operations  in 
which  two  materials  of  differen 
densities  are  mixed,  determination 
and  control  of  proportions  of  reac 
ants  in  chemical  processes,  and  in 
numerous  other  applications  where 
it  is  desired  to  determine  the  den- 
sity of  a substance  without  the 
necessity  of  sampling  or  withou 
! actual  access  to  the  material. 


: Description  of  Ports 

; The  Penetron  consists  of  t*0 
j main  parts — the  head  and  the  con 
trol  box.  The  head  contains  the  re 
diation  source,  the  detector,  a shi 
between  the  two  and  a three-stag 
preamplifier.  It  weighs  about  7 
and  is  connected  by  a seven-wi 
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Quality  in  Quantity 


WITH  COMPLETE  control  of  the  design,  se- 
lection of  all  materials,  and  methods  of 
manufacture  of  all  parts  to  the  final  assembly, 
inspection  and  delivery,— Jefferson  Electric 
Transformers  are  laboratory  correct  whether  re- 
quired in  small  lots  or  hundreds  of  thousands. 

War-time  demands  have  further  emphasized 
the  ability  to  maintain  high  uniform  standards 
of  quality  on  a mass  production  basis.  Under 
die  stimulus  of  War  effort,  advanced  types  of 


machinery,  and  improved  manufacturing  tech- 
nique, you  can  count  on  still  better  Jefferson 
Electric  products  for  your  post-war  needs. 
Consulting  now  with  Jefferson  Electric  trans- 
former engineering  specialists  will  save  time 
for  you  later  . . . JEFFERSON  ELECTRIC  COM- 
PANY, Bellwood  (Suburb  of  Chicago),  Illinois. 
In  Canada:  Canadian  Jefferson  Electric  Com- 
pany, Limited,  384  Pape  Avenue,  Toronto, 
Ontario. 
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\T  ARE  IMPORTANT 
TO 


Write  today.  We  will  file  your 
nome  for  reply  when  details 
can  be  disclosed. 


W HE  exceptionally  able 
group  of  technicians  associated 
with  the  Insl-x  research  labora- 
tory has  been  instrumental  in 
developing  numerous  insulation 
and  fungicidal  coatings  for  our 
armed  forces.  The  same  group 
is  now  developing  important 
improvements  for  postwar 
electrical  and  electronic  insu- 
lation. Details  cannot  be  dis- 
closed now — but  the  day  is  not 
far  off. 


THE  INSL-X  COMPANY  INC. 


857  MEEKER  AVE..  BROOKLYN  22.  N.  Y. 


CHICAGO  • DETROIT  . IOS  ANGELES  . PHILADELPHIA 


CLEVELAND  ST.  LOUIS 


unshielded  75-foot  cable  to  the  con- 
trol box  which  contains  the  measur- 
ing circuit  and  the  power  supply. 
The  head  is  completely  sealed  in  its 
metal  housing,  as  required  for  use 
in  refineries  and  other  locations 
where  explosive  hydrocarbons  may 
react  to  sparks. 

The  measuring  head  proper  con- 
sists of  steel  tubing  21  inches  in 
diameter  and  13  inches  in  length, 
which  can  be  inserted  in  various 
holders.  One  holder  is  equipped 
with  two  permanent  magnets  which 
serve  as  supporting  points  and  at 
the  same  time  hold  the  head  firmly 
in  position  on  iron  or  steel  surfaces. 
Another  holder  is  provided  with  a 
chain  clamping  device  for  use  on 
nonmagnetic  materials. 

If  measurements  are  to  be  taken 
on  the  inside  of  tubings  a pneu- 
matic type  holder  is  used.  It  is 
equipped  with  two  pistons  which 
can  be  moved  by  compressed  air  or 
fluid  pressure.  These  pistons  press 
the  head  against  the  inside  of  a pipe 
or  tube  in  any  desired  direction.  The 
clamp  is  maneuvered  with  exten- 
sion handles,  and  measurements  can 
be  made  at  any  desired  point  and 
at  any  desired  angle  along  the  in- 
side of  tubes  of  any  length. 

Smaller  Unit 

Another  and  smaller  measuring 
head  utilizes  the  principle  that 
metal  inserted  between  the  source 
and  the  detector  causes  a decrease 
in  the  meter  reading.  The  gamma 
rays  are  directed  tangenti  1 
across  the  tubing.  If  the  wall  0 
the  tubing  is  thinner  at  some  po>n 
the  amount  of  absorbing  materi 
is  less  and  the  meter  reading 
changes  accordingly.  This  t 
nique  works  regardless  of  the  curv- 
ature of  the  pipe,  and  is  advan  - 
geous  in  crowded  locations  like 
ers,  where  some  tubes  canno 
reached  with  the  more  bulky  meas 
uring  heads.  Only  one  tube  is  1 
corporated  in  this  small  hea  , 
other  two  being  in  a cylinder  nr 
serted  in  the  connecting  cable  a 
feet  from  the  head. 

The  present  instrument  empW» 
only  one  milligram  of  radium  as 
gamma  ray  source,  as  contrasted 
25  milligrams  required  in 
models.  The  radium  is  sup^T 
at  the  apex  of  a cone-shape 
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The  Ballentine  Record  Changer  Motor 
is  engineered  for  just  one  purpose 
...  to  provide  highest  efficiency  and 
lowest  "rumble"  for  your  changer. 

This  quiet,  trouble-free  motor 
is  the  result  of  expert  technical 
design,  the  most  modern  manufacturing 
methods  and  equipment,  and 
skilled  craftsmanship  . . . You  can 
depend  on  the  Ballentine  Changer  Motor. 


RUSSELL  ELECTRIC  COMPANY 

364  V.  HURON  STREET  • CHICAGO  10,  ILLINOIS 


Manufacturers  of 

BALLENTINE  CHANGER  MOTORS 
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Neither  planes,  tanks,  ships  nor 
guns  could  operate  efficiently  without  scores 
of  precision  built,  automatic  controls.  And 
wherever  temperature  is  a factor,  Chace 
Thermostatic  Bimetal  is  constantly  being 
called  upon  by  the  control  builder  to  serve 
as  the  actuating  element  for  his  device,  for 
indication,  control,  or  both. 

These  war-time  applications  cover  a tem- 
perature  range  from  — 100  to  -}- 1000°  F. 
And  at  any  pre-determined  point  within 
that  range,  Chace  bimetal  may  be  called 
upon  to  give  the  impetus  to  start,  or  to  stop, 
some  vital  function.  That  is,  it  must  con- 
vert temperature  into  action;  automatically, 
instantly,  and  without  fail. 

Similarly,  in  the  home,  appliance  manu- 
facturers utilize  the  known  properties  of 
specific  types  of  Chace  bimetal  to  convert 
temperature  into  action  in  devices  ranging 
from  toasters  to  furnace  controls,  or  to 
refrigerator  motor  protection. 

There  are  thirty  five  types  of  Chace  Ther- 
mostatic Bimetal,  each  of  which  offers 
specific  advantages  to  control  builders. 
Sold  in  sheets,  strips,  and  finished  forms. 

Thermostatic  Bimetals  and  Special  Alloys 


1630  BEARD  AVE  • DETROIT  9 , MICH. 
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ment,  the  base  of  which  is  atti 
directly  to  the  housing  of  the  i 
tector.  This  cone  serves  to  shid 
the  detector  from  direct  radish 
emanating  from  the  radium. 

The  life  of  the  radium  source  I 
unlimited.  It  takes  1690  years 
reduce  the  quantity  of  gamma  : 
emission  to  half  of  its  orig" 
value. 

Two  kinds  of  detectors 
gamma  rays  are  known — the  to 
ization  chamber  and  the  Ge' 
Muller  type  of  counter.  In  the  I 
tron,  a high-efficiency  Geiger- 
Muller  counter  of  improved  desigs 
is  employed.  The  counter  is  con- 
tained in  a housing  which  is  fitted 
longitudinally  into  the  head  and  is 


Geiger-^ 

iPene- 


Meosurlnq  head  la  hydrauBc-tTP* 
holder,  showing  concentric  steel  ihsBs 
used  lor  routine  calibration  and  diedi 
of  performance 


shielded  in  such  a way  that  it  is 
open  to  radiation  coming  from  the 
wall  to  be  measured.  Back-scattered 
radiation  enters  the  counter  and 
sets  off  current  discharges  or 
pulses.  The  rate  at  which  these 
pulses  of  current  are  generated  is 
proportional  to  the  intensity  of 
the  radiation  entering  the  counter, 
which  in  turn  is  a function  of  the 
wall  thickness. 


* 


* 


Pulse  Amplifier 

The  pulses  of  current  produced 
in  the  detector  are  extremely  small. 
Since  these  pulses  must  be  trans- 
mitted through  75  feet  of  cable  it  is 
necessary  that  they  be  increased  m 
magnitude  sufficiently  to  be  dis- 
tinct when  they  are  picked  up  * 
the  measuring  circuit  in  the  control 
box.  This  function  is  performed  W 
the  three-stage  preamplifier  located 
in  the  head  of  the  instrument 

The  pulses  of  current  are  fu™1® 
amplified  in  the  control  box  and  J 
means  of  a special  electrical  circuit 
are  integrated  to  produce  a direct 
current,  the  magnitude  of  which 
proportional  to  the  number  of  ® 
rent  pulses  created  per  unit  of 
in  the  detector  by  the  back-**- 
tered  radiation.  The  current 
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101  SERIES 


ITH  RACK  PANEL  OR  WALL 
MOUNTING  ACCESSORIES 


Input  impedance  600  ohms  and  bridging.  Gain 
600  ohm  input  61  db.,  bridging  input  46  db.  Fre- 
quency response  30  to  1 6,000  c.p.s.  either  input — 
600  ohm  output  ± .5  db.,  30  ohm  output  1 db. 
Power  output — production  run  average:  +47 
V.U.  with  less  than  3%  RMS  harmonic  content.) 


TYPE  201  -A  won 


Mounting  Cabinet  permits  universal  installa 


hon  of  101  Series  Amplifiers  to  any  flat  sur 


foce.  Well  ventilated  and  designed  for 


maximum  accessibility  for  servicing  and  con 


venience  of  installation.  Standard  aluminum 
9r°Y  finish. 


TYPE  7-A  Modification 

Group  permits-  101  Series  Amplifiers  to 
mount  on  standard  19"  telephone  relay 
rocla.  Occupiei  12  !4"  rock  space.  Allows 
servicing  from  front  of  rock.  Standard 
aluminum  gray  finish. 


THE  TYPE  101  Series  Amplifiers  are  the  results  of 

twenty  years’  experience  in  the  sound  engineering  field. 
They  are  identical  with  the  exception  of  the  output  coil. 

Type  101-A  has  output  impedance  adjustments  to  match 
loads  from  1 to  1000  ohms  and  possesses  excellent  low 
frequency  waveform  at  high  output  levels. 

Type  101-B  with  a single  nominal  6 ohm  output  is  intended 
for  use  with  wide  range  loudspeakers  representing  an 
8 to  16  ohm  load.  Its  output  coil  with  a single  secondary 
provides  improved  efficiency  and  even  better  waveform 
at  high  levels  of  low  frequencies. 

Type  101-C  answers  the  demand  for  a good  amplifier  at 
lower  cost.  This  lower  cost  is  obtained  by  the  use  of  a 
less  expensive  output  coil  with  the  only  change  being 
that  the  low  frequency  waveform  is  not  as  good  as  the 
A or  B types  but  is  equal  to  or  better  than  any  contempo- 
rary commercial  amplifier. Output  impedance  is  adjustable 
to  loads  of  1 to  1000  ohms. 


Digitized  by ' 


PENETRON 


(continwd) 


PRECISION  CAPACITORS 

itf  CARDWELL 


An  outstanding  Cardwell  wartime  achievement  is  the  development  of 
precision  worm  drive  capacitors,  of  maximum  stability  and  resettability, 
for  use  in  various  types  of  frequency  meters. 

Although  not  standard  catalog  items,  the  three  types  illustrated  are 
typical  of  the  possible  variations  of  this  general  design  which  is  widely 
used  in  Cardwell  instruments  built  for  the  Army  and  Navy.  Perhaps  one 
of  them  is  the  answer  to  your  design  needs  for  an  S.L.F.  type  precision 
capacitor  of  highest  quality. 


PART  No.  4.010 

21-220  ntmfd.; 
alrgop  .030" 

As  used  in  S.  C.  Frequency  Meter 
covering  range  of  12543,000  KC, 
125-250  KC  low  band  fundamental, 
2 MC4  MC  high  band  fundamental. 


PART  No.  4.400 

0-130  mmfd.  per  section; 
airgop  .020" 

Used  in  ATSC  Frequency  Meter 
covering  fundamental  range  of 
85-200  MC  and  to  1000  MC  harmon- 
ically. 

Four  studs  support  special  trimmer 
and  compensator  capacitors  which 
are  not  shown. 


PART  No.  4.200 

15-12S  mmfd.; 
airgop  .027" 

In  another  ATSC  Frequency  Meter, 
this  condenser  tunes  the  oscillator 
over  fundamental  range  of  2040 
MC  and  to  250  MC  harmonically. 
Hat  adjustable  compensator  and 
trimmer. 


CARDWELL  QUALITY  PRODUCTS 


CARDWELL  ^ CONDENSERS 

THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 

81  PROSPECT  STREET  BROOKLYN  I,  N.  Y. 


measured  by  means  of  a microam- 
meter located  on  the  face  of  tht 
control  box.  The  meter  readings  are 
readily  converted  to  the  wall  thick- 
ness of  the  object  being  measured 
by  referring  to  the  appropriate  cali- 
bration curve. 

The  instrument  is  designed  to  op- 1 
erate  from  a 115-volt,  60-cyde  a-c  j 
line.  The  total  power  consumption  ] 
is  approximately  100  watts. 

Uses 

Experimental  work  involving  the 
substitution  of  a neutron  source 
and  detector  for  the  gamma-ray 
source  and  detector  has  indicated 
that  wall  thicknesses  up  to  four 
inches  of  steel  can  be  measured 
with  a high  degree  of  accuracy. 

In  addition  to  liquid  level  and 
specific  gravity  applications,  the 
various  versions  of  the  Penetroa 
may  be  used  for  a wide  variety  of 
different  purposes,  including  chem- 
ical process  control  and  ship  hull 
and  boiler  inspection. 

The  Penetron  was  perfected  iu 

4-U~  lakAwnF/vwina  rtf  fVlO  TpTflW)  D6* 


velopment  Corp.,  New  York  City. 
Dr.  Gerhard  Herzog  directed  re- 
search and  development 

Engineering  Laboratories,  Inc., 
Tulsa,  Oklahoma,  has  been  exclu- 
sively licensed  for  the  sale  and  man- 
ufacture of  the  instrument.  This 
company  in  1937  developed  radio- 
activity well  logging,  which  dis- 
covers and  records  bypassed  oil 
producing  areas  through  steel  wel 
casing.  The  method  utilizes  neu- 
tron measurement  which  is  some- 
what similar  to  the  Penetron 
method,  and  has  been  responsible 
for  discovery  of  hundreds  of  Pro" 


ducing  wells. 


• • • 

Electrostatic  Deposition  of 
Phosphor  Powders 

The  CONVENTIONAL  manufacturing 
process  used  in  coating  fluorescent 
tubing  has  been  to  suspend  c 
phosphor  powder  in  a solution 
which  is  allowed  to  flow  through  e 
glass  tubing  after  it  has  been  care 
fully  washed.  The  tubing  is  en 
allowed  to  dry,  after  which  it  ,s 
baked  to  remove  the  liquid. 

In  an  electrostatic  method  using 
the  Westinghouse  Precipitrons, 
tubing  is  slipped  over  an  iomzm? 
wire  and  a high  potential  plac® 
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designed  by  Bell  Telephone  Labora- 
nured  Iw  Western  Elettrit  toni- 
standard  combination  transmitter 
oi  only  used  on  all  Navy  fighter 
on  battleships,  carriers  and  sub- 


Wt  suspension  _M°dei  W-386 

!WC-I  Western  Electric  Trans- 
it ^ a"  .e*amPle  of  the  way  in 

if  and  spaceTcn^1'6  be  adaPted  to 

' P requirements  of  electronic 


destructive 


This  is  the  reason  why  Robinson  Vibrashock* 
suspensions  are  used  for  the  important  role  of  sup- 
porting the  Western  Electric  ARC-1  Navy  Trans- 
mitter Receiver,  which  is  installed  in  all  Navy 
fighter  planes. 

Robinson  engineers  have  adapted  Vibrashock, 
the  new  principle  of  vibration  control,  to  dozens  of 
different  types  of  vitally  important  airborne  equip- 
ment. All  this  equipment  needed  special  protection 
from  shock  and  vibration  that  was  not  attainable 
with  conventional  types  of  shock  mounts. 

Over  90%  of  all  vibration  throughout  the  air- 
craft operating  range  is  effectively  eliminated  with 
Robinson  Vibrashock.  No  other  shock  mount  can 
offer  so  much  in  vibration  absorption.  This  perform- 
ance extends  the  service  life  of  airborne  equipment 
and  drastically  reduces  maintenance  and  overhaul 
time  and  expense. 

More  and  more  manufacturers  and  users  of  air- 
borne equipment  are  turning  to  Robinson  for  that 
engineering  skill  which  is  reflected  in  the  impor- 
tant jobs  Vibrashock  is  now  performing. 

Our  services  are  available  to  aircraft,  radio,  and 
electronic  manufacturers  and  users  in  connection 
with  any  mechanical  or  electronic  equipment  re- 
quiring protection  from  vibration  and  shock. 
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ROBINSON 
AVIATION,  INC. 

730  Fifth  Avenue,  New  York  19,  N.  Y. 
3757  Wilshire  Blvd.,  Los  Angeles  5,  Calif. 
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The  fine  electronic  instruments  shown  above  are  examples  of  the  precision  production 
that  characterizes  all  ANDREW  equipment.  Designed  and  built  by  skilled  engineers, 
ANDREW  CO.  electronic  equipment  is  used  the  world  over  wherever  specialized 
apparatus  is  needed. 


TYPE  291  HF  OSCILLATOR — This  portable  battery  operated  oscillator  is  used  for 
checking  high  frequency  receivers,  especially  aircraft  type.  The  frequency  range  is 
from  49  to  154  Me.  with  modulation  frequencies  of  70,  90,  400,  1300  and  3000 
cycles.  This  unit  contains  a collapsible  whip  antenna  for  checking  receivers  without 
direct  connections,  and  provides  2 coaxial  terminals  for  low  and  high  level  output. 


TYPE  708  REMOTE  ANTENNA  AMMETER — This  unit  contains  a diode  rectifier  with 
a DC  micro-ammeter  calibrated  in  RF  amperes,  and  is  used  for  indicating  an- 
tenna current  at  a point  remote  from  the  antenna.  This  instrument  is  used  by 
hundreds  of  broadcast  stations. 


TYPE  40A  PHASE  METER — This  direct  reading,  precision  instrument  measures  in 
degrees  the  phase  angle  between  currents  in  radiating  elements  of  a directional 
antenna  system.  It  operates  on  a signal  input  of  only  200  millivolts  and  may 
also  be  used  for  general  laboratory  work. 


TYf*E  760  ANTENNA  TUNING  UNIT — This  is  used  for  coupling  several  antennas 


Into  a single  receiver,  or  for  coupling  a single  antenna  into  a number  of  receivers. 

O Containing  six  RF  amplifiers  with  an  associated  power  supply,  each  amplifier 
stage  in  this  unit  has  low  impedance  input  and  output  circuits.  These  may  be 
series  connected  for  use  with  a single  receiver  or  antenna.  This  equipment  is 
especially  useful  where  antennas  are  remotely  located  from  receivers. 


Send  In  your  orders  now  so  that  you 
may  receive  early  delivery  as  soon 
as  military  restrictions  ere  lilted. 
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How  to  make 


plastic 


parts  seem  time 


Radio  cabinets,  housings,  washing 
machine  agitators  and  such— all  the. 
btget  and  more  complicated  pieces  we 
"“d  to  mold  before  the  war — all  will 
go  on  the  production  schedules  of 
mailer,  simpler  pieces  when  we  get 
“uo  nom»l  production  again.  They 
*“Te  I*0”  finishes,  more  uniform 
truer  color  and  freedom  from 

'■  ^ltetIU*  In  other,  shorter,  words, 
S};  nappy  Day!" 

All  We’ll  have  to  do  is  hook  up  our 
ttery  of  Heatronic  units  (first  in  the 


industry — and  still  growing)  to  serve 
our  500-ton  presses. 

Better  start  figuring  now  on  how 
Plastics  plus  Heatronics  can  fit  into 
your  postwar  production  plans.  But 
figure  it  with  a custom  molder  whose 
reputation  for  molding  already  com- 
bines with  real  Heatronics  knowledge 
— a molder  like  Kurz-Kasch.  We  mold 
all  materials  by  compression  and  trans- 
fer— we  handle  the  whole  job  from 
design  to  delivery — our  experience  with 
Heatronics  dates  back  to  the  first  unit 


RCA  sold— and  we’ve  been  growing 
with  the  olastics  industry  since  it  began. 

Isn't  that  the  kind  of  organization 
you’ll  want  for  your  plastics  produc- 
tion? Yes?  Just  write! 

“A  Businessman’s  Guide 
to  the  Molding  of  Plastics” 

Send  for  your  free 
copy  of  this  illus- 
trated brochure. 

Just  write  to  Dept. 

7 on  your  letter- 
head and  we'll 
send  it  with  our 
compliments. 


Kurz-Kasch 


electronics-^^ 


For  over  28  years- Planners  and  Molders  in  Piastres 

Kmz-Koseh,  In,.,  142s  South  Broadway.  Doyton  1,  Ohio.  Bronc/i  Safas  Ottkw.-  _N«w  Vo*  « 

“ — Tolls  • let  Angeles  e Dallas  • St,  Levis  • Toronto,  Canada,  txport  Offfeest  •»  Broad  Street,  New  York  City 
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'frtrtUMcii  cind  *Vitat 

ELECTRONIC  EQUIPMENT 


PRODUCED  BY 


TECH  LAB 

SUBCONTRACTING  DEPT. 


„ve  wheatitone 

swilching  means  ,or 
quickW  checking  o 

% number  at  varislers 

t y~  in  rapid  sequence 


Manufacturers  have  continually 
called  upon  the  modern  facilities 
of  Tech  Lab  Subcontracting  De- 
partment to  assist  them  in  the 
production  of  unusual  and  vital 
electronic  equipment.  Our  Engi- 
neering Department  is  ready  to 
assist  you  with  your  production 
problems. 


MANUFACTURERS  OF  PRECISION 
ELECTRICAL  RESISTANCE  INSTRUMENTS 


15  LINCOLN  STREET,  JERSEY  CITY  7,  N.  J. 
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FIRST  IN  CIRCUIT  PROTECTION  Cl 
PROTECTION  CIRCUIT  SAFETY  FIRST  IN  1 
PROTECTION  Cl 
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Littelfuse,  the  first  manufacturer  to  receive  Underwriters' 
Approval  on  glass-enclosed  fuses  in  current  ratings  over  3 
amps  at  250  volts  NOW  has  Underwriters’  Approval  on 
fibre-enclosed  fuses  from  10  amps  to  20  amps  at  2 50  volts. 

These  3 AB  "TINY  MIGHTY”  fuses  (l%x%  dia.)  will 
take  the  place  of  bulky  cartridge  or  plug  fuses  and  mountings 
“scd  in  heavy-duty  electric  appliances,  power  supplies,  ampli- 
ers,  communications  and  electronic  equipment,  radio,  motor 
ttrcuits,  etc.  To  reduce  fusing  space  and  weight  get  approved 
Protection  with  3 AG  and  3 AB  "TINY  MIGHTY”  Littelfuses. 

Ganges  of  Underwriters’ Approved  3 AG  Littelfuses,  1/16 
to  8 amps  inclusive;  Underwriters’  Approved  3 AB 
Y MIGHTY”  Littelfuses,  10  amps  to  20  amps  inclusive 
4t  250  volts  or  less. 

LITTELFUSE  incorporated 

N.  Ravenswood  Ave.,  Chicago  40,  Illinois 
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New  Type 

•feigdfcsp 

Switch 

You  can  now  get  Aero  precision  and  long  life  in  a 
snap-action  switch  requiring  only  12  grams  maximum 
operating  pressure.  Some  special  models  have  been 
built  with  operating  pressures  as  low  as  6 to  8 grams. 
Like  all  Aero  switches  this  new  hinged  leaf  type  incor- 
porates the  famous  patented  beryllium  rolling  spring. 
Pretravel  is  approx.  3/32";  overtravel,  approx.  3 16"; 
movement  differential,  approx.  .040";  rated  10  amps, 
at  115  volts  A.C.  Available  for  normally  open,  nor- 
mally closed  and  double  throw  circuits.  This  is  just  one 
of  many  compact,  time-tested  Aero  designs  for  better 
current  control.  Write  for  new  catalog  today. 

THE  ACRO  ELECTRIC  COMPANY 

1316  Superior  Avenue  Cleveland  14,  Ohio 


FURNACE  CONTROL  (continual 

power  contactors.  Thus  the  furnace 
and  instrument  heating  elements 
operate  together.  The  two  couples 
in  the  instrument  are  equidistant 
from  the  heater  but  the  element 
with  the  lesser  thermal  capacity 
reacts  first  to  changes  in  heater 
element  temperature. 

Operating  Cycle 

When  the  two  couples  in  the 
anticipator  are  at  the  same  tem- 
perature, the  voltage  from  the  con- 
trol thermocouple  to  the  control 
mechanism  is  constant.  When  the 
control  thermocouple ' causes  a 
change  in  control  current,  the 
change  is  felt  first  in  the  two 
thermocouples  in  the  anticipator. 
However,  the  thermocouple  with 
the  lower  thermal  capacity  heats 
faster  than  the  other  and  the  ther- 


mocouple voltage  at  the  tem- 
perature control  mechanism  is  in- 
creased. This  increased  voltage 
causes  the  controller  to  change  to 
cooling,  thus  preventing  the  fur- 
nace temperature  from  overshoot- 
ing the  desired  maximum.  When  the 
furnace  is  in  the  cooling  portion  of 
the  cycle,  the  anticipator  thermo- 
couple with  larger  thermal  capacity 
cools  more  slowly  and  its  reversed 
polarity  causes  the  control  mechan- 
ism to  change  to  heating  and  keep 
the  furnace  temperature  from 
overshooting  the  minimum  linn  - 
A variable  resistance  in  the  heatei 
circuit  of  the  anticipator  provides 
a means  of  controlling  the  fre- 
quency of  operation  of  this  super- 
visory furnace-temperature  con- 
trol. 


I 


Moulding  Sponge  Rubber 
With  Dielectric  Heating  " 

Development  of  proper  techniques  c 
in  the  moulding  of  sponge  rubber 
has  been  studied  by  a certain  mi  1 
western  rubber  company  in  consu 
tation  with  Chrysler  Corporation. 
Among  the  materials  used  in  the  ex 
periments  in  curing  the  sponge, 
were  moulds  of  glass  (pyrex) , w0°  ’ _ 

and  fibre.  Pyrex  glass  seemed  to  pre  , 
sent  the  best  electrical  and  3*ru^  I 
tural  qualifications.  Maple  wo  I 
was  employed  for  test  but  foun 
be  undesirable;  moisture  con  en 
varied,  and  warpage  of  moulds  oc 
curred.  Excessive  heating  of 
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Thermoplastic  insulation  special- 
ists . . . producing  a complete 
line  from  fine  wires  to  heavy 
power  cables  . . . serving:  Public 
Utilities,  Rad  io,  Electronic,  Ap- 
pliance and  Instrument  Manu- 
facturers, Telephone  Companies 
and  Contractors. 


There  are  few,  if  any,  other  fields  in  which  thermoplastics 
are  solving  more  problems  ...  or  accomplishing  more  funda- 
mental changes  in  industrial  design  . . . than  in  the  insulation  of 
wire  and  cable.  Demand  today  the  increased  resistance  which 
these  new  compounds  and  constructions  offer  to  heat,  flame,  oxi- 
dation, chemical  action,  oil,  grease,  moisture,  cold,  abrasion, 
fungus  growth  and  other  severe  conditions.  Write  NOW  for 
complete  information  and  samples  engineered  to  your  particular 
requirements.  Remember  . . . when  you're  thinking  of  PLASTIC 
you're  thinking  of  US! 


Pinsiic 
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T' ith  the  advent  of  new  plastics  and 
recording  techniques,  phonograph 

records  of  tomorrow  will  be  pressed  in  liner-grain,  noise- 
free  materials.  Recordings,  however,  can  be  no  better 
than  the  pickup  arm  used  in  their  reproduction.  It  re- 
mained for  The  Astatic  Corporation,  therefore,  to  design 
a new  pickup  with  advanced  characteristics  equaling  those 
of  the  new  recordings.  This  has  been  accomplished  by 
Astatic  through  improved  featherweight  action  made  pos- 
sible with  the  introduction  of  vertical  compliance  and 
new  damping  materials.  The  greatest  possible  fidelity  of 
sound  reproduction  from  these  advanced  products,  so  de- 
pendent upon  each  other,  will  result,  therefore,  in  an  ever 
increasing  measure  of  phonograph  enjoyment.  Production 
will  begin  when  essential  materials  are  made  available. 


'You’ll  HEAR  MORE 
from  Asiatic" 


ASTATIC  Crystal  Devices 
manufactured  under  Brush 
Development  Co.  patents. 


MOULDING  SPONGE  RUBBER 


(conti  #»d) 


wood  resulted.  Fibre  was  tried  with 
poorer  results  than  with  wood 
Suggestions  of  using  resin  impreg- 
nated glass  cloth  developed  nothing 
usable. 

Experiments  made  on  the  rubber 
showed  that  it  had  a dielectric  con- 
stant of  2.6,  power  factor  0.004, 
and  loss  factor  0.0008.  Attempts 
to  find  a material  of  the  same  di- 
electric constant,  power  factor  and 
loss  factor  as  the  material  being 
heated,  and  that  would  have  no  dis- 
tortion under  heat  and  pressure, 
were  disappointing. 

Conventional  Moulds 


I 
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The  moulds  experimented  with 
were  cup  moulds  of  the  standard  de- 
sign used  in  curing  by  conduction. 
They  were  made  in  the  form  of  a 
cup  with  a cover  of  the  same  mate- 
rial, and  the  electrodes  placed  above 
and  below  the  mould. 

With  the  conventional  type  of 
steam  or  electrically  heated  curing 
moulds,  the  curing  cycle  may  range 
from  30  minutes  to  as  much  as  three 
hours,  depending  on  the  amount  of 
mass  and  the  temperature  used.  The 
external  surface  of  the  charge  be- 
ing in  contact  with  the  heated 
mould  suffered  prolonged  exposure 
to  curing  temperature  with  mini- 
mum cure  in  the  center  of  the  mass. 
Cellular  structure  was  difficult  to 
control  with  conduction  heating. 

Dielectric  heating  offered  the 
possibility  of  a maximum  of  three 
minutes  to  attain  uniform  curing 
temperature  throughout  the  entire 
mass.  Cellular  structure,  therefore, 
would  be  uniform  with  a minimum 
temperature  gradient  through  the 
mass. 

First  Method 

Sponge  rubber  was  poured  into 
the  moulds  and  r-f  power  applied 
at  8 megacycles,  7i  kva  maximum 
output.  The  electrodes  were  placed 
above  and  below  the  closed  glass 
container.  At  the  start  of  the  cycle, 
the  container  was  partly  filled,  *eaT‘ 
ing  an  air  gap  between  the  charge 
and  the  upper  electrode.  Heat  con- 
centration in  the  sidewalls  of  the 
container  developed.  Due  to  the 
rapid  temperature  rise  possible,  a 
temperature  gradient  of  large  mag 
nitude  was  established  between  e 
center  and  outer  sidewall  portions 
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OTHER  IRVINGTON  FIBERGLAS  PRODUCTS: 

Varnished  Fiberglas  Cloth 
Laminated  Varnished  Fiberglas  Slot  Insulations 
Varnished  Fiberglas-and-Fiber  Slot  Insulations 
Garnished  Fiberglas  Tubings  and  Saturated  Sleevings 

~~  also  a complete  line  of  standard  varnished  insulations 
and  insulating  varnishes. 


LOOK  TO  IRVINGTON 

FOR  CONTINUED 
LEADERSHIP  IH 
INSULATION 


LECTR0N|cs— 
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IRVINGTON 

VARNISH  & INSULATOR  COMPANY 
Irvington  11,  New  Jersey 
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FIBERGLAS  TUBING  AND  SATURATED  SLEEVING 


lasting  insulation.  For  IRVINGTON  is  headquarters 
for  Insulating  Varnishes. 

And  in  the  application  of  the  varnish,  you  are  as- 
sured of  the  same  precise  laboratory  and  manufactur- 
ing control  that  has  kept  IRVINGTON  the  undis- 
puted leader  in  electrical  insulation. 

Thus  when  you  order  IRVINGTON  Fiberglas 
tubing,  sleeving,  or  cloth,  you  get  all  the  advantages 
a glass  base  can  provide,  and  in  full  measure.  For 
full  details  write  to  Department  1 06. 


To  obtain  all  the  advantages  a Fiberglas  base  insula- 
tion can  provide,  look  to  the  varnish  used,  and  its 
method  of  application.  It's  the  firm,  continuous  var- 
nish film  which  supplies  the  high  insulating  values. 

In  the  manufacture  of  Irvington  Fiberglas  tubing, 
the  right  varnish  can  be  used  for  every  application  . . . 
one  which  will  penetrate  the  interstices  and  by  its 
bonding  action  prevent  chafing  of  the  fibers,  and  sup- 
ply the  required  dielectric  strength,  resistance  to 
aging,  and  other  qualities  which  make  for  efficient. 


IT’S  THE 


VARNISH 


THAT 


MOULDING  SPONGE  RUBBER 
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THE  WORLD’S  MOST 
MODERN  CONDENSER  PLANT 

with  these  outstanding  features 

★ 1,000,000  VOLT  RESEARCH  LABORATORY 

★ VERY  LATEST  PRODUCTION  EQUIPMENT 

★ SPECIALIZED  WAR-LEARNED  TECHNIQUES 

From  this  new  ultra-modern  factory  come  capacitors 
carefully  engineered  and  accurately  produced.  Staffed 
by  skilled  engineers  and  backed  by  16  years  of 
technical  progress.  Industrial  Condenser  Corp.  is  sup- 
plying capacitors  for  every  application.  If  your  speci- 
fications call  for  Electrolytic,  Paper,  Oil,  or  Motor 
capacitors,  look  to  Industrial  Condenser  Corporation. 


INDUSTRIAL  CONDENSER 

CORPORATION 

3243-65  NORTH  CALIFORNIA  AVENUE,  CHICAGO  18,  U.  $.  A. 
District  Offices  in  Prin<ipal  Cltiis 

PAPER,  OIL  AND  ELECTROLYTIC  MOTOR  CAPACITORS 


resulting  in  thermal  strains  anil 
stresses  developing  beyond  thi 
elastic  limits  of  the  pyrex  glass 

Revised  Mould 


\ 


Suggestion  was  made  to  build 
the  mould  from  available  materi 
with  characteristics  not  too  dissi 
ilar  from  the  charge.  The  moul 
qualifications  were  to  be  dimension 
ally  stable  under  varying  tempera- 
tures and  pressures.  Electrical; 
characteristics  so  that  too  high  a 
temperature  as  to  burn  the  rubber 
surface,  or  too  low  a temperature  so 
as  to  retard  surface  cure,  would  not 
be  experienced.  Pyrex  glass  was  i 
again  used  and  a restraining  wall 
of  two  by  four  by  four  inches  in- 
ternal dimension,  open  at  each  end 
was  employed. 

An  aluminum  electrode  sheet 
placed  on  a slab  of  insulating  mate- 
rial formed  the  base  with  the  re- 
straining form  placed  on  this.  The 
upper  electrode  consisted  of  two 
units.  One  was  made  the  same  sire 
as  the  lower  electrode  and  the  other 
slightly  smaller  than  the  charge 
chamber.  The  second  electrode  was 
attached  to  the  larger  electrode  by 
small  compression  springs  allowing  j 
the  charge  electrode  to  enter  the 
charge  chamber  and  rest  on  the 
upper  surface  of  the  charge  mass. 

Results 

As  the  temperature  increased  in 
' the  charge,  the  charge  increased  in 
size,  which,  due  to  the  restraining 
walls  of  the  form,  allowed  the  mass 
to  increase  only  in  thickness.  e 
work  electrode  was  pushed  agains 
l its  springs  toward  its  parent  e ec 
trode  until  it  reached  its  stop 
gages,  placed  to  control  the  maw 
mum  size  of  the  charge.  The  con 
tainer  walls  were  heated  by  the  s 
ergy  flow  from  the  parent  elec  r 
to  the  base  electrode.  Due  to  a muc 
greater  distance  between  the 
trodes  than  between  the  c a 
electrode  and  the  base  electro  e, 
container  never  attained  a temp 
ature  greater  than  the  charge- 

The  physical  characteristics 
the  charge  were  such  that  as 
temperature  increased  the 
structure  became  larger,  increas 
the  distance  between  electrode 
this  point.  Stabilization  wa®  r(ion 
matically  controlled,  as  no 
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N Y-Tcan  put  a finger... 


ON  YOUR  TRANSFORMER 
REQUIREMENTS 


^Th»  illustrated  unit  typifies  the  many 
hermetically- sealed  components — trans- 
formers, chokes  and  filters— designed  to 
*•♦1  unusual  operating  conditions  for 
fypo  of  application. 


. . —with  emphasis  on  electrical 
and  mechanical  suitability ! 

The  N-Y-T  Sample  Department  has  demonstrated  its 
ability  to  continuously  supply  advanced  transformer, 
choke  and  filter  designs  for  most  electrical  and  elec- 
tronic needs.  In  every  instance,  all  requirements  are 
fulfilled  efficiently,  and  economically. 

Let  us  take  care  of  any  samples  you  may  need  for  new 
equipment  being  designed. 

f)ttquinice  <tne  invited.;  addtete  "Dcftt-  E 

NEW  YORK  TRANSFORMER  CO. 

26  WAVERLY  PLACE,  NEW  YORK  3,  N.  Y. 


...  Vtno**-Amnm 
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MOULDING  SPONGE  RUSSER 


(continued) 


Water  Proof,  Moisture  Proof 


VOLTMETERS . . . AMMETERS . . . MILIIAMMETERS . . . 
MICROAMMETERS... WATTMETERS... BOTH  AC  AND  DC 


of  the  charge  would  heat  much 
more  than  another.  Gradually  di- 
minishing temperature  rise  as  the 
cycle  progressed  and  the  electrode! 
traveled  apart  was  another  feature 
of  this  fixture  that  proved  very  de- 
sirable. 


Sandpaper  Made  by 
Electrostatic  Process 

Electronic  rectifiers  and  an  elec 
trostatic  process  of  coating  paper  ; 
with  abrasives  have  produced  a.; 
sandpaper  which  is  found  to  in- 
crease cutting  efficiencies  from  20^ 
to  60  percent,  resulting  in  econo- ;; 
mies  of  30  to  40  percent  for  they 
average  job.  '4j 

In  the  electrostatic  process  re- 
sponsible for  this  product,  the  abra- 
sive particles,  sifted  to  size  as  in 
the  past,  are  fed  from  a hopper  to 
an  endless  belt.  This  belt  carries 
them  over  the  negative  side  of  a 
pair  of  closely-opposed  electrodes 
between  which  a high-tension  elec- 
trostatic field  is  set  up,  through 
the  action  of  a unidirectional  poten- 
tial of  around  50,000  volts,  sup- 
plied by  vacuum-tube  rectifiers. 
Under  the  positive  or  upper  elec- 
trode, with  its  glue-covered  surface 

facing  the  granules  on  the  belt,  t 
backing  passes  on  its  way  o 


Vi 

V 


Now,  you  can  get  HICKOK  precision  and  dependability 
in  a new  line  of  hermetically  sealed  meters.  Available 
in  2J/£',  y/i  and  414"  round  styles.  Dimensions  of 
American  War  Standards  Assn.  Drawings  C39.2-1  and 
C39.2-2.  The  4 >4  size  is  built  especially  for  use  in  radio 
service  equipment  where  several  scale  arcs  are  required. 

All  instruments  are  hermetically  sealed  and  both 
vacuum  and  pressure  tested  under  water.  Case  fabri- 
cated of  pressed  steel  and  made  corrosion  resistant  to 
meet  specifications.  Terminals  are  a special  glass 
soldered-in  type. 

All  meters  are  fully  shielded,  permitting  use  on 
either  magnetic  or  non-magnetic  panels.  Operation 
is  accurate  and  dependable  even  up  to  85°  centigrade. 
Internal  pivot  construction  in  D.C.  types  assures 
longer  life  and  greater  resistance  to  shock  and  vibra- 
tion. Write  for  further  information  today. 

THE  HICKOK  ELECTRICAL  INSTRUMENT  CO. 

10527  DUPONT  AVENUE  • CLEVELAND  8,  OHIO 


PRECISION  CALIBRATED  . . . LASTING  ACCURACY 


Effect  on  Particles 

As  the  abrasive  particles  pa^ 
into  the  electrostatic  field,  they  a 
oriented  so  that  they  stand  on  enu, 
and  at  approximately  e9“al 
tances  from  each  other.  The 
of  the  field  then  translates  the 
along  the  lines  of  force  toward  tne 
other  electrode.  Here  they  a 
firmly  imbedded  in  the  adhesive. 

The  sandpaper  resulting 
this  process  has  a coating  in  w ’ 
the  abrasive  grains  stand  on  e ■ 
with  their  sharp  points  facin® 
ward  toward  the  work, 
grains  are  also  securely  se  a 
proximately  uniform  distances 
one  another.  , . . . 

Electrocoated  sandpaper  is  o 
marketed  with  coatings  of  g® 
silicon  carbide,  and  aluminum 
ide,  in  standard  grit  numbers 
“fine”  to  “coarse”  and  with 
ings  of  cloth,  paper,  or  eomwn 
tions. 
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SHIFTERS 
by  PRESS  WIRELESS 


This  electronic  device  affords  a new  system  for  greatly  improved 
radio  transmission  of  Morse  telegraph,  teleprinter,  photo  and 
facsimile  signals  as  proved  by  thousands  of  operating  hours  in 
actual  service. 


The  distinctive  functional  design  of 
FREQUENCY  SHIFTER  FS-12A-1  is  based 
upon  exclusive  developmental  research  in 
Press  Wireless  laboratories. 

Available  in  strict  priority  sequence. 


PRESS  WIRELESS,! 


j i 


M'My  Awarded  »o  oar  Hick*vilU, 

'V  l I plant  for  outstanding 
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A D-C  Amplifier  of  High-current,  Low  - impedance  Output 

By  Lawrence  Fleming 

Naval  Ordnance  Laboratory 
Washington,  J).  C. 


The  problem  of  making  a d-c 
amplifier  which  will,  deliver  a large 
current  to  a low-impedance  load  is 
difficult  to  solve  by  conventional 
means.  Ordinarily  the  load  of  a d-c 
amplifier  must  be  connected  di- 
rectly in  the  space-current  path  of 
the  last  tube,  because  a matching 
transformer  cannot  be  employed. 
Power  tubes  require  at  least  100 
volts  between  plate  and  cathode  in 
order  to  conduct  sizeable  currents; 
when  the  drop  across  the  load  is  but 
a few  volts  the  efficiency  of  the  sys- 
tem becomes  very  low.  If  output 
currents  of  more  than  about  200 
milliamperes ’are  needed,  an  incon- 
venient number  of  large  tubes  in 
parallel  must  be  used. 

Direct-current  driving  amplifiers 
are  often  required  for  oscillo- 
graphic work.  The  amplifier  here 
described  delivers  up  to  one  ampere 
to  an  oscillograph  element  of  three 
ohms  impedance,  with  a frequency 
range  of  zero  to  several  thousand 
cycles.  Since  it  was  clearly  imprac- 
tical to  parallel  enough  power  tubes 
to  conduct  one  ampere  (several 
channels  were  required),  the  ex- 
pedient was  employed  of  using  a 
carrier-current  system  terminating 
in  an  output  transformer  and  a dry- 
disc  rectifier. 


Output 


Fig.  1 — Functions  of  the  several  stages 
of  the  oscillator-amplifier  arrangement 
for  supplying  up  to  one  ampere  of  direct 
current  to  a three-ohm  load 


the  sidebands,  thence  through  a 
power  amplifier,  an  output  trans- 
former, and  a dry-disc  rectifier. 
The  d-c  output  of  the  system 
taken  from  the  rectifier. 

Modulator  Circuit 

The  class  C type  of  modulator 
used  has  a higher-  order  of  stabil- 
ity than  the  more  conventional  di- 
ode, varistor,  or  square-law  type  of 
balanced  modulator.  To  minimize 
the  residual  carrier  voltage  appear- 
ing at  the  output  of  the  modulator 
when  its  plate  voltage  is  zero,  the 
modulator  stage  may  be  neutralized, 
or  it  may  be  operated  as  a fre- 
quency multiplier  without  neutral- 
ization. In  practice,  the  latter  is 
simpler  and  just  as  effective. 

The  best  tube  for  use  as  a modu- 
lator is  a high-mu  triode.  The  ex- 
citation voltage  is  not  critical.  Op- 
erating constants  for  the  modu- 
lator in  the  system  shown  are: 
Grid  excitation,  20  volts.  Plate 
voltage  operating  range,  0 to  ID 
volts.  Load  (filter)  impedance, 
7500  ohms. 


block-diagram  form.  An  oscillator 
supplies  carrier  excitation  to  the 
grid  of  modulator  tube  F„  This 
tube  is  operated  as  a class  C am- 
plifier, so  that  its  carrier-frequency 
output  is  proportional  to  its 
plate  voltage.  The  plate  volt- 
age of  tube  F,  is  supplied  by 
the  d-c  input  signal  through  a 
cathode  follower  V...  The  carrier 
output  of  modulator  tube  F,  passes 
through  a bandpass  filter  which 
passes  the  carrier  frequency  and 


Details  of  Circuit 

Figure  2 is  a schematic  diagram 
of  a complete  amplifier  channel.  The 
modulator  tube  F,  is  biased  con 
ventionally  by  means  of  grid  leak  H, 
and  capacitor  C,.  The  no-signal  plate 
voltage  of  F,  is  adjusted  by  potenti- 
ometer P„  which  permits  utilizing 
input  signals  of  either  polarity-  T e 
cathode  follower  Fa  is  here  arrange 
to  drive  the  cathode  of  F,  instea 
of  the  plate.  A negative 


Performance 

Specifications  of  general  interest 
are : Maximum  output,  1.2  amperes 
into  3 ohms.  Input  signal  for  maxi- 
mum output,  10  volts  d-c.  Input  im- 
pedance, 10  megohms.  Frequency 
rangey  0 to  4000  cycles. 

The  linearity  of  the  input-out- 
put  relation  is  shown  in  Fig.  3.  The 
stability  is  high  and  the  system  op- 
erates for  -months  at  a time  with- 
out adjustment. 

Figure  1 shows  the  system  in 

212 


Eiq.  2 Complete  circuit  oi  the  direct-current  amplifier.  Use  of  a carrier-current  ^ 
provides  one  ampere  d-c  output  without  usina  several  tubes  in  parallel  to  conduct 


: output  without  using  several  tubes  in  parallel  1 
a large  current 
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the  grid  of  Va  thus  increases  the 
voltage  between  the  plate  and  cath- 
ode of  V,. 

The  bandpass  filter  should  pass 
the  carrier  frequency  and  the  up- 
per and  lower  sidebands.  If  the 
percentage  bandwidth  is  small,  s 
tuned  circuit  can  be  substituted  foi 
the  filter. 

In  this  particfllar  case,  an  over- 
all response  of  0 to  4000  cycles  was 
required.  The  carrier'  frequency- 
chosen  was  30  kilocycles.  The  filter 
was  designed  for  a nominal  band- 
width of  25  to  35  kilocycles. 


• • • 

Combination  Instrument 
for  Direction  Finding 

An  aircraft  navigational  aid  re- 
cently designed  by  the  Marconi 
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..  . Bacau*.  of  thoir  oxcoptional  operating  efficioncv  and 

uniform  fmqu.ncy  roapon..  charact.ri.lic.,  P.rmoflux  midget  Lns- 
former,  hov.  literally  hundred,  of  practical  application,  where  «iz. 
and  weight  are  determining  de.ign  factor..  Dovolopod  by  Permoflux 
engineer,  with  new  material.  and  manufacturing  method.  th« 
-re  avaliabl.  un.hi.ided,  .hielded  or  hermetically  .M,.d,o  you* 
.peciflc  requirement*.  Why  not  let  u.  de.ign  a unit  for  y»„? 

Permoflux  Speakers  Assure 
the  Best  in  Tone  Reproduction 

Their  wide  frequency  re.pon.e,  ex- 
treme .en.itivity  and  rugged  mech- 
anical de.ign  have  e.tabli.hed  new 
concept,  of  tone  reaii.m.  Permoflux 
.peakar.  in  .ize.from  2'to  15',  with 
power  handling  capacitie.  from  1 
to  20  watt.,  are  available  for  your 
po.t-war  development*. 
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TiR.  3 — Input-output  characteristics  oi 
the  direct-current  amplifier 

Because  of  the  high  carrier  fre- 
quency, special  transformers  had 
to  be  built  for  use  at  T„  T.,  and  7\. 
At  10  kilocycles  and  below,  ordi- 
nary audio  transformers  should  be 
satisfactory. 

The  rectifier  W at  the  output  of 
the  system  is  a Federal  selenium 
unit,  type  5B1AV1.  At  30  kilocy- 
cles, the  efficiency  of  dry-disc  recti- 
fiers is  about  half  that  obtained  at 
lower  frequencies.  Hence  if  a lower 
maximum  frequency  of  overall  re- 
sponse is  usable,  a lower  carrier  fre- 
quency can  be  employed  with  a 
consequent  reduction  in  the  size  of 
the  power  amplifier. 

A twelve-channel  amplifier  of  the 
type  described  has  given  satisfac- 
tory service  for  over  a year. 
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Johnson  Radio  Engineers  have  been  specahsH  .» 
insulator  design  for  radio  frequencies  for  almost  a 
quarter  of  a century.  Shapes  to  provide  strength 
for  strains  and  stresses  - reinforced  mounting  holes 
and  carefully  designed  mountings  — high  mterna 
resistance  to  radio  frequency  voltage -long  leakage 
path -careful  treatment  to  present  a surface  that 
will  not  collect  dirt  and  foreign  matter  -r-  quality 


Iware,  not  punched  nuts  and  poorly  formed  par 
naterials  selected  for  their  radio  frequency 
racteristic,  not  the  ordinary  variety  of  ceram.cs 
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• a a vou  can  t buy 
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Wireless  Telegraph  Co.  incorpor- 
ates in  one  unit  the  several  instru- 
ments normally  used  to  determine  i 
radio  bearing.  True  bearing  may 
be  read  directly  from  a cursor,  with 
automatic  correction  for  sense. 

Electronically  switched  cardioid 
reception  is  used  and  an  output 
meter  indicates  in  which  direction 
the  aircraft  should  be  turned  in  or- 
der to  obtain  an  on-course  setting. 
The  tubes  which  perform  the 
switching  are  in  turn  operated  by 
means  of  a low-frequency  oscil- 
lator. 

Tubes  V-l  and  V-2  (see  Fig.  1) 
are  dual-function  triode-hexodes,  in 
which  the  triode  portions  are  con- 


FIG.  1 — Function*  of  tha  aanral  ataga* 
of  the  Marconator.  a British  naviga- 
tional aid  for  aircraft  that  combines 
several  d-f  instruments  into  one 

nected  to  form  a push-pull  low-fre- 
quency oscillator,  so  that  when  the 
grid  of  V-l  is  positive  the  grid  of 
V-2  is  negative.  Both  hexode  por- 
tions of  the  tubes  have  their  input 
grids  connected  together  and  the 
input  from  the  vertical  antenna  is 
fed  to  this  point,  the  anodes  being 
connected  differentially  to  the  loop 
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SThe  Kwikheat  Soldering  Iron 
has  ample  reserve  power  for 
our  soldering  jobs — 225  watts 
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I ideal  temperature  for  perfect 
ig  — preventing  overheating 
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ilonging  life  of  tips  and  elimi- 
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If  perforating,  notching,  slitting  or  rounding  dies  are  used 
in  the  manufacture  of  your  products  then  you  should  know 
the  time  and  money  saving  advantages  of 
WHISTLER  MULTI-USE  ADJUSTABLE  DIES 


Write  for  the  Whistler  Cue- 
low.  Send  blueprint  or  detail* 
of  your  perforating  jobs  with- 
out obligation. 


Continued  re-use  in  different  groupings, 
punches  and  dies  from  stock  in  standard 
sizes  and  shapes  to  IW  diameters,  com- 
plete interchangeability  of  all  parts,  abso- 
lute precision  in  operation,  are  but  a few 
reasons  why  Whistler  Adjustable  Dies  are 
serving  top  flight  manufacturers  through- 
out the  country.  Work  on  materials  to  Vi" 


mild  steel  and  in  practically  every  type 
press.  Closer  centers  reduce  press  opera- 
tions. Special  sizes  and  shapes  to  order  in 
a minimum  of  time  and  can  be  used  in 
combination  with  stock  units.  28  years  ex- 
perience in  the  development  of  time  and 
money  saving  die  equipment  makes  it 
good  sense  to  get  in  touch  with  Whistler. 
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• "SCOTCH*!  Electrical  Tape*  are  made  for  inflating,  and 
holding  purposes— with  backings,  adhesive  qualities,  mechanical 
and  dielectric  strengths,  corrosion  resistance,  resistance  to  heat, 
moisture  or  other  deteriorating  factors,  exactly  tuned  to  specific 
requirements. . . . Know  just  what  "SCOTCH"  Tape,  are  available 
and  what  qualities  they  possess,  then  you  will  always  be  able  to 
select  the  right  tape  for  every  job.  Our  new  illustrated  book  on 
SCOTCH  Electrical  Tape,  give,  this  information.  Use  the  coupon 
to  get  your  copy  today. 
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circuit.  If  V-l  is  amplifying  and 
V-2  is  not,  the  anode  current  flows 
m one  sense  with  respect  to  the 
loop  current  and  if  V-2  is  amplify, 
inp  and  V-l  is  not,  the  anode  cur- 
rent will  be  in  the  opposite  sense. 

Off-Course  Condition 

The  visual  indicator  is  operated 
by  a double-triode  output  tube  with 
two  anodes  acting  as  diode  anodes. 
Control  of  this  double  triode  is  by 
the  low-frequency  switching  volt- 
age which  alternately  operates  the 
h-f  tubes.  By  the  above  means,  the 
direction  of  the  rectified  currents 
applied  alternately  to  the  visual  in- 
dicator is  directly  related  to  the  d-f 
circuits.  Consequently,  when  the 
craft  is  in  an  off-course  position, 
the  needle  can  be  arranged  to  indi- 
cate in  which  direction  the  loop 
should  be  turned.  In  practice,  the 
instruction  is  simple,  “Turn  the 
cursor  toward  the  needle.” 

Called  the  Marconator  (Fig.  2). 
the  unit  is  contained  in  a metal  case 
about  7 inches  square  by  4-i  inches 
deep  and  housing  the  following  com- 


2 — The  several  scales  of  the  Mar- 
conator  are  combined  into  one  panel 
instrument  as  shown  above 


ponents:  Single-Needle  visual  indi- 
cator, Amplitude  indicator,  Master 
cursor,  Relative  bearing,  (True 
bearing  and  drift  scales),  Gyro- 
magnetic  distant  reading  compass 
repeater  motor,  Adjustable  quad- 
rantal  error  compensator,  and  Loop 
drive  mechanism. 

Amplitude  indication  is  obtained 
by  an  auxiliary  movement  of  the 
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One  of  Ike  moil  essential  of  tke  servioes  Foole 
renders  to  industry  is  the  grinding  of  metals,  ores 
and  minerals.  Raw  materials  from  the  remotest  corners 
of  the  globe  come  to  Foote  for  processing.  The  particle 
sizes  in  which  Foote  delivers  them  can  often  only  be 
appreciated  with  the  aid  of  a strong  lens.  From  the  b g 
world  of  resources  we  make  the  small  world  of  useful  par  tic 
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NEW  SECRETS 


In  the  Temple  Laboratories,  engineers  and 
technicians  toil  unceasingly  to  provide  new 
and  greater  efficiencies  lor  war  communica- 
tions equipment. 

Needless  to  say  that  out  ol  this  constant  search 
for  betterment  comes  further  discovery, 
further  knowledge  — new  secrets  of  devel- 
opment in  the  limitless  field  of  electronics. 

Temple  engineering  skill  and  inventiveness, 
fostered  still  further  by  the  stress  and  strain 
of  war,  will  contribute  richly  indeed  to  the 
electronic  world  of  the  future. 


flag-  type,  to  indicate  continuance  of 
transmission  and  to  enable  the  nav- 
igator to  maintain  sufficient  output 
from  the  receiver  to  operate  the 
twin-needle  type  of  homing  indi- ' 
cator  in  the  pilot’s  cockpit. 

Remote  repetition  is  by  a 3-phase, 
step-by-step  mechanism,  geared  to 
the  compass  scale,  control  being  by 
a master  gyro-compass,  but  indica- 
tion relative  to  it  can  be  made  dur- 
ing flight  by  means  of  a variation- 
setting control. 

Correction! 


Compensation  of  quadrantal  er- 
ror is  normally  made  with  a spe- 
cially shaped  cam,  covering  sym- 
metrical deviations  up  to  a maxi- 
mum of  15  degrees.  In  addition,  the 
mechanism  permits  the  correction 
of  errors  due  to  the  loop  being  fitted 
on  either  side  of  the  aircraft’s  cen- 
ter line  (field  alignment  correction! 
and  also  errors  due  to  misalign- 
ment of  the  loop.  Where  the  quad- 
rantal error  curve  does  not  corre- 
spond to  a standard  shape,  special 
cams  are  provided.  An  example  of 
this  is  in  the  well-known  Catalina 
flying  boats,  on  which  the  d-f  loop 
is  mounted  near  the  leading  edge 
of  the  wing  and  the  fuselage  is  well 
below  the  level  of  the  wing.  In  this 
instance  the  wing  produces  the  pre- 
dominating influence  on  the  loop, 
so  the  sign  of  the  errors  is  reversed 
and  the  shape  of  the  curve  gener- 
ally distorted,  owing  to  the  non- 
symmetrical  position  of  the  loop. 


Gyro  Compass 


Electronics  D. 


'i  vision 


TEMPLETONS 
RADIO  MFG.  CORP. 

New  London,  Conn. 


The  gyro-magnetic  master  com-  - 
pass,  with  which  the  Marconator  is  - 
associated,  is  a development  of  the  ■ 
Royal  Aircraft  Establishment  ^ 
Farnborough,  England.  It  is  a de- 
sign of  particular  interest  in  that 
it  overcomes  the  airspeed  factor, 
which  restricts  the  operation  of  the 
ordinary  gyro-compass,  by  substi- 
tuting a magnetic  compass  control 
for  the  gravitational  control  which 
gives  the  marine  type  of  gyro-eom-  ■ 
pass  its  pole-seeking  properties-  1 
Since  this  newer  gyro-compass  can 
be  installed  well  clear  of  ferrous 
material,  the  magnetic  deviation 
errors  are  smaller  and  more  consist- 
ent than  those  of  the  usual  com- 
pass. 

By  careful  compass  adjustment. 
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The  versatility  of  Amphenol  engineers  is  evidenced  in  the  varied  electronic 
applications  for  which  they  have  designed  and  produced  components.  Many 
of  the  now  standard  sockets,  connectors  and  cables  produced  by  Amphenol 
were  originally  created  to  surpass  the  most  exacting  specifications. 

Products  illustrated  here  are  but  a few  of  the  thousands  of  items  that  com- 
prise the  complete  Amphenol  line  including  U.H.F.  Cables  and  Connectors, 
Conduit,  Fittings,  Connectors  (A-N.,  U.H.F.,  British),  Cable 
Assemblies,  Radio  Parts  and  Plastics  for  Industry. 

Your  inquiry  regarding  the  adaptation  of  standard 
Amphenol  components  or  designing  of  special  pur- 
pose units  will  receive  prompt,  careful  and  con- 
fidential consideration. 


AMERICAN  PHENOLIC  CORPORATION 

Chicago  50,  Illinois 

Id  Canada  • Amphenol  Limited  • Toronto 

U.H.F.  Cables  and  Connectors  • Conduits  • Fittings  • Connectors  (A-N., 
U.H.F  , British)  * Cable  Assemblies  • Radio  Parts  • Plastics  for  Industry 
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never  leek  a gift  horse 

in  the  mouth... 


the  magnetic  deviation  errors  can 
be  reduced  to  ±0.5  deg  or  less, 
This,  together  with  the  mechanics! 
accuracy  of  the  Marconator  of  0.5 
deg,  gives  an  overall  instrumental 
accuracy  of  1 deg  or  better.  In  an 
actual  flight  test,  96  out  of  100 
bearings  were  within  2 degrees  and 
were  each  taken  in  a matter  of  10 
to  20  seconds  by  one  operator. 

• • • 

High-Speed  Code 
Recording 

Reception  of  automatic  transmis- 
sions at  speeds  as  high  as  1200 
words  per  minute  is  provided  by 
an  inked-tape  recorder  that  con- 
nects directly  to  any  communica- 
tions receiver  or  can  be  used  on  ex- 
isting land  line  installations.  An-  , 
nounced  by  Mecanitron  Corp.  of 
Boston,  Mass.,  it  operates  from  a 
standard  500-ohm  input  impedance. 

The  circuit  of  the  unit  comprises 
a high-gain  pulse  amplifier  with  a , 
special  limiter  allowing  flat  output  , 
with  an  input  voltage  changing 
from  —5  db  to  +25  db.  On-off  key- 


Courtesy  may  deny  too  close  scrutiny  of  a 
S'f*  but  certainty  demands  detailed  inspection 
of  a purchase... as  in  the  instance  of  mica. 
Be  sure  it  is  Maca//en  Mica ...  standard  for 
more  then  50  years! 


When  you  think  of  MICA  think  of  MACALLEN 


Macallen  Company 

- BOSTON  27 

PI  rtnr<  aum.  ... 


Mecanitron  recorder  that  inks  out  auto- 
matic transmissions  at  speeds  as  high 
as  1200  words  per  minute 


ing  or  frequency  shift  is  provided 
by  front-panel  control.  When  fre- 
quency-shift transmissions  are  to 
be  received,  a selective  tone  dis- 
criminator circuit  assures  noise- 
free  transmission  and  reception. 

The  standard  frequency-shift  sta- 
tions operating  on  a difference  fre- 
quency of  850  cycles  can  be  re- 
ceived ; any  other  frequency-shift 
separation  can  be  obtained  by  pro- 
per tuning  of  the  input  circuit.  On- 
off  keyed  transmissions  are  re- 
ceived with  the  bfo  set  to  produce 
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"Unsung  hero  of  plastics  progress  is  the  cus- 
tom molder.  Through  his  untiring  efforts  and 
remarkable  ingenuity,  the  use  of  plastics  has 
become  extensive  in  practically  all  fields  of 
industry  Typical  of  the  thousands  of  items 
which  have  been  developed  or  improved  through 
the  intelligent  application  of  plastics,  is  this 
Durtz  (jfcmolic  plastic  washing  machine  agi- 
tator molded  by  Eclipse  1 Moulded  Products  Co. 

Reports  from  users  of  this  molded 
Durez  washing  machine  agitator  attest 
a definite  superiority  over  those  made 
from  other  materials.  The  surface,  for 
example,  is  permanently  clean,  smooth 
and  lustrous  from  the  moment  it  leaves 
die  mold.  Furthermore,  it  is  inert  to 
washing  solutions  and  its  action  on 
dothes  is  easy  and  gentle.  Tests  which 
ran  as  long  as  2400  hours  continuously 
Proved  this  agitator  to  be  thoroughly 
satisfactory  in  every  respect. 

Answering  A Need 

As  long  as  twenty  years  ago,  washing 
machine  manufacturers  were  searching 


for  a plastic  material  that  could  be 
used  in  producing  an  agitator  — the 
only  part  of  the  washer  that  remained 
the  same  year  after  year.  The  engineers 
turned  to  plastics  — then  in  the  ado- 
lescent stage  — because  they  wanted 
an  agitator  that  would  increase  the 
speed  of  the  washing  action  while 
retaining  a smooth,  glossy  surface  that 
would  be  easy  and  gentle  on  clothes. 

The  Eclipse  Moulded  Products  Com- 
pany helped  pioneer  this  search,  and 
the  molded  Durez  phenolic  plastic 
agitator  illustrated  is  the  evidence  of 
their  persistence,  ingenuity,  and  re- 
sultant success.  Like  so  many  of 
America’s  custom  molders,  they  be- 
came aware  of  a need  in  industry  and 
answered  it  completely. 

Versatile  Plastic  Used 

Needless  to  say,  the  plastic  used  in 
molding  this  agitator  had  to  be  ver- 
satile, and  the  choice  of  the  proper 
material  was  naturally  most  difficult. 


A Durez  phenolic  plastic  was  selected 
tor  two  reasons,  first,  the  phenolics, 
in  themselves,  are  the  most  versatile 
of  plastics.  Second,  Durez  has  spe- 
cialized in  the  production  of  the 
phenolics  for  over  a quarter  century 
and  has  a line  of  more  than  BOO  mold- 
ing compounds  from  which  to  select 
the  plastic  that  precisely  fits  the  job. 

In  this  case,  the  emphasis  was  on 
moisture  resistance,  alkali  resistance, 
excellent  moldability,  and  impact 
strength.  In  another  case,  it  might 
well  be  on  dielectric  strength,  arc- 
resistance  and  non-bleeding.  In  all 
cases,  the  versatility  of  Durez  phe- 
nolics is  the  natural  starting  point 
when  you’re  struggling  for  the  solution 
of  a plastic  material  problem.  The  serv- 
ices of  experienced  Durez  technicians, 
plus  a wealth  of  proved  product  de- 
velopment data,  are  available  at  all 
times  to  you  and  your  custom  molder. 
Durez  Plastics  & Chemicals,  Inc.,  328 
Walck  Road,  North  Tonawanda,  N.  Y. 
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MUNNING  £ MUNNING,  INC. 

202  Emmet  Street 
Newark  S,  N.  J. 

CHOWN  RHEOSTAT  & SUPPLY  CO. 
1910  Maypole  Avenue 
Chicago  12,  111. 


Yes,  Green  has  a darned  good  record 
in  the  rectifier  field.  And  tough  prob- 
lems are  our  specialty.  We  survey 
your  requirements  and  submit  recom- 
mendations as  to  the  type  of  equip- 
ment best  suited  to  your  needs,  from 
every  standpoint.  Then,  when  you  give 
us  an  okay,  we  build  units  to  order— 
or  make  an  adaptation  of  a standard 
model.  We've  got  an  A-l  rating  on 
both  metal-plate  (low  voltage)  and 
tube  (high  voltage)  jobs-on  anything 
that  calls  for  rectifier  equipment. 


ERUJAC  ELECTRONIC  CORF. 
11  Park  Place 
New  York  7,  N.  Y. 


A.  I.  LYNCH  & CO. 
2424  Enterprise  St. 
Los  Angeles  21,  Cal. 


f "lUctilUg  Engineering  l«  our  Burinerr" 


W.  GREEN  ELECTRIC  COMPANY,  INC. 


GRIEN  EXCHANGE  BUILDING  130  CEDAR  STREET  NEW  YORK  6 M Y 
RECTIFIER  (j.  ENGINEERS 


234 


CODE  RECORDER  («*»« 

a beat  frequency  between  500  and 
8000  cycles. 

The  Mecanitron  unit  illustrated 
is  standard  equipment;  another 
model  is  available  for  relay-racl 
mounting  with  a tape  puller. 

Because  the  unit  is  constructed 
with  a complete  frequency  shift  re- 
ceptor, no  other  equipment  is  re- 
quired to  secure  complete  mark  and 
space  information  for  Morse  code  or 
teletype  use.  When  the  recorder  is 
used  in  conjunction  with  a Mecani- 
tron scanner,  complete  teletype 
transmitting  and  receiving  ter- 
minal equipment  is  achieved.  Use 
of  these  two  pieces  of  terminal 
equipment  permits  the  transfer  of 
printed  matter  at  speeds  exceeding 
600  words  per  minute. 

Trigger  Circuit 

For  use  with  standard  teletype 
equipment,  the  Mecanitron  record- 
er-amplifier comprises  a special 
trigger  circuit  wherein  a pulse  is 
used  to  drive  the  moving  pen.  This 
allows  use  of  a very  low-impedance 
lightweight  moving  coil,  permitting 
extreme  speed. 

The  moving  coil  operates  in  the 
field  of  an  Alnico-type  permanent 


The  recording  assembly  of  the  high- 
speed code  recorder.  A low-impedance 
moving  coU  actuates  the  Inking  pen 


magnet,  insuring  efficient  temper- 
ature regulation  regardless  of  cli- 
matic conditions.  The  moving  as- 
sembly is  pretreated  to  withstand 
any  degree  of  moisture. 

Bias  and  power  controls  are  pro- 
vided so  that  any  degree  of  defini- 
tion of  message  can  be  secured  at 
any  and  all  speeds.  Morse  code  key- 
ing, up  to  750  words  a minute,  can 
be  received  readily  with  the  power 
control  in  the  low  position.  From 
that  rate,  speeds  up  to  1250  words 
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Why  give  a few  cents  worth  of  electrical  in- 
sulation a chance  to  be  the  weak  link  in  your 
product?  Use  BH  Extra  Flexible  Fiberglas 
Sleeving— the  one  insulation  with  all  these 
advantages: 

It  is  permanently  non-fraying,  non-stiffening 
and  non-burning,  by  virtue  of  the  exclusive  BH 
process.  It  will  not  dry  out,  crack  or  rot,  retain- 
ing its  original  unusual  resistance  to  high  and 
low  temperatures,  moisture,  oil,  grease  and 

chemicals  indefinitely . 

If  you  want  an  all-purpose  sleeving  that  sim- 
plifies assembly  and  maintenance  and  gives 
longer  maximum  protection,  standardize  on  BH 
Extra  Flexible  Fiberglas  Sleeving.  Available  in 
all  standard  colors  and  sizes  from  %"  to  No.  20, 
inclusive.  Write  for  free  samples  today  and  com- 
pare by  actual  test! 

HOW  TO  KEEP  CUSTOMERS  COOL  AT  1200°F! 

Direct  contact  with  heat  up  to  1200°F  does  not 
harm  BH  Special  Treated  Fiberglas  Sleeving,  the 
non-burning,  unsaturated,  flexible-as-string  sleev- 
ing that  stays  supple  and  won’t  fray  when  cut. 
Made  in  natural  color  only— all  standard  sizes. 
Get  this  extra  protection  now  and  keep  custom- 
ers’ temper  cool,  too! 
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A Success  Secret  of 

CAPACITRONS 

The  Capacitron  reputation  for  progressive  de- 
sign, superior  craftsmanship  and  dependable 
service  is  backed  by  a continuous  research  pro- 
gram covering  every  capacitor  manufacturing 
operation.  No  Capacitron  production  process  is 

«du"  ”*n.Vh?nCe  ’°  b,COm*  ",,andard*p*ro- 
cedure  -it  is  always  an  engineering  project  - 

ThW°Vl.tl?en  ,0f  improvement 

Through  this  system  of  method  contra/  has  cam. 
unquestioned  leadership  for  Capacitron  on 

Wax  and  Electrolytic  Co^acitorsT  „u? 
tomers  call  it  Quality.  cu*’ 

Telephone  VAN  Buren  3322 


76e  CAPACITHON 

849  North  Kedzie  Ave.,  Chicago  51,  Illinois 


a minute  are  obtained  with  a pen- 
stroke  of  i in.  with  the  power  con- 
trol at  full-on  position.  The  char-  f 
acter  height  is  adjusted  by  decreas-  f) 
ing  or  increasing  the  pen-stroke.  ' 

The  mechanical  assembly  allows 
the  thumbscrew  removal  of  the  en- 
tire pen-arm  assembly  for  quick  in- 
terchange of  parts,  if  necessary.  A 
constant-flow  type  of  ink-well  is 
used. 

One  Mecanitron  unit  has  been  on 
test  service  for  four  months  con- 
tinuously, 24  hours  a day,  without 
interruption.  No  wear  appears  on 
the  bearings  or  on  any  other  mov- 
ing part. 


Multi-Channel  High-Speed 
Communications  With 
Standard  Radio  Equipment 

By  Wayne  M.  Ross 

A MODERN  MILITARY  communica- 
tions system  is  a very  centralized 
affair,  all  communications  originat- 
ing from  and  arriving  at  a central 
communications  office.  The  high- 
powered  transmitting  and  receiv- 
ing stations  are  usually  located  at  a 
point  remote  from  this  central  of- 
fice. A usual  method  of  intercom  | 

nection  is  a multi-channel,  d-c / e 

audio  tone,  converter,  combining  a 

number  of  telegraph  signals  into 

a single  land  telephone  line.  These 
signals  are  then  filtered,  rectified 
and  used  to  key  the  sending  trans- 
mitter, or  incoming,  to  operate  the 
printing  equipment  at  the  central 
point.  In  this  way  an  operator,  at 
the  central  office,  can  operate,  di- 
rectly, by  hand  key  or  automatic 
sender  any  particular  remote  trans- 
mitter. Likewise,  an  incoming  sig- 
nal would  be  converted  to  a d-c 
telegraph  signal  at  the  receiver, 
operate  the  relay  in  the  audio  fre- 
quency telegraph  unit,  sending  an 
audio  tone  of  a particular  fre- 
quency on  to  the  line,  a number  of 
these  signals  of  different  audio  fre- 
quencies being  fed  to  one  line. 
These  operate  the  printer  at  the 
central  office. 

Under  war  conditions,  these  land 
lines,  being  subject  to  bombing,  are 
not  as  dependable  as  might  be  de- 
sired. In  Great  Britain  in  1942, 
vhf  radio  links  were  suggested  and 
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for  every  climatic 

and  atmosplicric 


>TEEL  AND  STEATITE  BONDED  PERMANENTLY 


• Sealex  Bushings  are  designed  to  operate  under  all  conditions  of  service, 
from  hot  and  humid  jungle  atmospheres  to  sub-zero  low  pressure  atmospheres 
encountered  by  airborne  equipment  at  high  altitudes. 

The  steel  and  steatite  components  of  these  bushings  are  fused  together  under 
high  temperature  conditions  forming  a permament  hermetic  seal  impervious  to 
humidity  and  pressure  changes.  The  unit  thus  obtained  has  great  mechanical 
strength.  Each  design  has  successfully  passed  severe  temperature,  vibration  and 
handling  tests  to  insure  against  mechanical  failure.  Each  individual  bushing  is 
tested  in  our  plant  to  withstand  50  lbs.  p.s.i.  air  pressure  before  shipment. 

Sealex  Bushings  are  available  in  single  and  multiple  terminal  designs  for  high 
and  low  voltage  requirements.  Complete  specifications  and  details  are 
available  in  the  Sealex  catalogue.  Write  for  your  copy  today. 

SALES  REPRESENTATIVES 


i.  J.  PERLMUTH  l ASSOCIATES 
942  Maplo  Avenuo 
lot  AngsJss,  Calif. 

MICA  COMPANY  OF  CANADA  LTD. 
Hull,  Oueboc 


HARRY  W.  GEBHARD 
737  No.  Michigan  Avonuo 
Chicago,  Illinois 
PAUL  R.  STURGEON 
25  Huntington  Avonuo 
Boston,  Mass. 
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mtuium  . .Ideal  general 

purpose  rotary  coils.  Current 
carrying  capacity  approxi- 
mately 15  amps.  In  a wide 
range  of  inductance  values 


Lnl\UL  . .B&W  heavy- 
duty  rotary  coils  of  this  type 
are  admirably  suited  for  di- 
electric heating,  as  well  as  a 
wide  variety  of  other  uses. 


SMALL  . . . This  little  coil  has  dual  op- 
posed windings  and  is  continuously  vari- 
able— a typical  example  of  B&W 
construction  applied  to  a special  design. 


...in  a wide  range  of  inductances, 
voltages  and  capacities 


Typical  of  the  completeness  and  en- 
gineering supremacy  of  the  general 
line  of  B&W  Air  Inductors,  these 
rotary  coils  are  available  in  standard 
or  special  types,  sizes,  and  shapes  to 
meet  practically  any  rotary  coil  re- 
quirement. Bring  your  coil  problems 
to  coil  headquarters!  B&W  engi- 
neers will  gladly  make  recommen- 
dations based  on  an  unparalleled  ex- 
perience in  this  specialized,  rapidly 
advancing  field. 


BARKER  & WILLIAMSON 

AIR  INDUCTORS  • VARIABLE  CONDENSERS  • ELECTRONIC  EQUIPMENT  ASSEMBLIES 


DEPT  E-85.  235  FAIRFIELD  AVENUE  « U r r DARBY  Tfl 


Export:  UNDETEVES,  INC.,  10  Rockefeller  Plaza,  New  York,  N.  Y USA 


tried  for  this  service  with  good  re- 
sults, up  to  70  miles,  depending  on 
the  terrain. 

Equipment 

The  only  radio  equipment  of  this 
kind  available  was  designed  for  po- 
lice use  and  operated  in  the  75 
to  100  me  band.  The  transmitter 
was  a 100-watt  unit  having  a phono 
pickup  input  and  was  designed  for 
good  speech  quality. 

The  receivers  were  of  a conven- 
tional type  and,  like  the  transmit- 
ter, had  been  designed  for  high- 
fidelity  speech.  They  incorporated 
a diode  noise  limiter  in  the  detector 
circuit.  They  were  fixed  frequency, 
crystal  controlled,  using  the  18th 
harmonic  of  the  crystal  frequency 
for  oscillator  injection. 

In  the  first  attempt  to  provide 
this  service,  the  vhf  link  was  set  up 
over  a distance  of  about  70  miles, 
passing  over  a range  of  hills,  about 
1,000  feet  higher  than  the  trans- 
mitting and  receiving  stations,  j 
using  a four-element  array  sending 
and  a three-element  parasitic  array 
receiving.  Vertical  and  horizontal 
polarization  were  tried  with  the 
! horizontal  giving  slightly  less  fad- 
j ing. 

; The  send  line  from  the  voice- 
frequency  telegraph  was  termi- 
nated in  a 600-ohm  resistance  and 
i fed  into  the  phono  input  of  the 
transmitter,  the  modulation  level 
being  adjusted  to  about  50  percent. 

At  the  receiving  end,  as  the  re- 
ceivers had  a 2.5-ohm  output  for  an 
external  speaker,  a 2.5-600-ohm 
transformer  with  a pad  on  the  line 
side  was  used.  The  output  was  taken 
i by  a short  line  to  the  telegraph  re- 
ceiving equipment  where  the  d-c 
signals  were  used  to  operate  the 
conventional  high-powered  trans- 
mitters. 

This  system  worked  quite  satis- 
factorily when  keying  speeds  of 
40-50  wpm  were  used,  but  gave  con- 
siderable error  on  higher  speeds. 
This  was  primarily  due  to  a flutter 
fading  in  the  receiver  carrier.  The 
line  level  at  the  receiver  required 
adjustment  two  or  three  times  pel 
day.  Considerable  fading  occurred 
about  sunset  with  extremely  strong 
signals  after  dark  and  fading  again 
at  daybreak. 

The  next  Installation  was  made 
in  the  tropics.  Here  there  were  two 
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All  over  the  world. . .from  the  mud- 

caked  European  fields  to  sun-baked  air- 
strips in  southern  Burma  . . • Federal 
Instrument  Landing  Systems  are  “bringing 
’em  in”.  . . on  the  beam. 

Bombers,  pursuit  ships,  night-fighters, 
transports . . . American,  Canadian,  British, 
Russian  . . . ships  wearing  all  the  colors  of 
the  Allies  . . . coming  in  on  this  “pathway 


to  earth”,  day  and  night,  through  the 
toughest  kinds  of  flying  weather. 


* is  the  instrument  landing  equipment 
; Federal  developed  over  more  ikan  ten 
rs  of  intensive  research  ...  and  which 
set  the  standard  for  aerial  navigation 
ipment  in  all  parts  of  the  world. 

the  coming  “age  of  the  air”..  - see 
leral  first  for  the  finest  in  aenal-navi- 
ion  and  communications  equipment. 


kw) 


Federal  Telephone  and  Radi^rporation 


Newark  I,  N.  |. 
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THE  COMCO  LINE  IS 


Engineered  for  Long  Years 
of  Dependable  Performance 


Painstakingly  design- 
ed and  built  by  sea- 
soned engineers  and 
skilled  craftsmen  in 
limited  volume, 
COMCO  Electronic 
Equipment,  in  every 
way,  measures  up  to 
highest  custom  stand- 
ards. Easy  to  service, 
COMCO  guarantees 
you  long  years  of  de- 
pendable performance 
under  all  climatic  and 
working  conditions. 


COMCO  TRANSMITTER  Model  170 

Reliable  VHF,  50  watts  output.  Frequency 
range  100  to  165  Me.  Cabinet  size:  Width 
23';  depth  18';  height  48';  COMCO  Model 
127AA  Transmitter  also  available  for  oper- 
ation on  a frequency  range  of  200  to  550  kc. 


COMCO  RECEIVER  Model  132 

Compact  VHF  crystal  controlled,  fixed  fre- 
quency, superheterodyne.  Single  channel  re- 
ception; 5*/i~inch  relay  rack  panel  mounting. 
12  tubes.  Frequency  range  100  to  165  Me. 
Medium  and  low  frequency  receivers  also 
available. 


WRITE  1 Just  a note  oh  your  company  letterhead  outlining  your  exact  requirements  We’ll  wive 
you  the  benefit  of  our  specialized  experience.  We  can  supply  a wide  variety  of  custom/™? 
equipment  on  priority  NOW.  We  are  accepting  non-priority  orders  for  post-u defirHy. 

S 

& ELECTRONIC  EQUIPMENT 


COMMUNICATIONS  COMPANY.  Inc 

CORAL  GABLES  34,  FLORIDA 
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base  establishments,  each  having 
high-powered  sending  and  receiv- 
ing stations.  These  establishment! 
were  separated  by  approximately 
180  miles  of  jungle  and  a 4,000- 
10, 000-foot  mountain  range.  The 
time  required  for  installation,  and 
the  difficulty  of  maintaining  a land 
telephone  line,  made  the  vhf  system 
a very  desirable  project  It  was 
decided  to  use  an  18-channel  voice- 
frequency  telegraph  system,  both 
sending  and  receiving,  between  the 
two  establishments.  The  18  send 
and  18  receive  channels  were  ter- 
minated at  a small  exchange  at 
each  end.  These  channels  were  I 
be  used  for  teleprinter  service  be- 
tween the  two  points  or  control  of 
any  transmitting  or  receiving 
equipment  from  the  communica- 
tions office  at  either  end. 

Radio  Link 

The  first  step  was  the  establish- 
ment of  the  vhf  radio  link.  This 
was  accomplished  by  setting  up 
transmitters  on  different  frequen- 
cies, at  each  end  of  the  180-mile 
link.  A mobile  repeating  unit  using 
a Hallicrafters  SX27  receiver,  80- 
watt  portable  transmitter  and  ac- 
cessory equipment  complete  with 
crew  set  out  to  explore  and  test 
for  signal  strength  all  the  acces- 
sible points  near  the  top  of  the 
mountain  range. 

A site  was  finally  chosen,  at  an 
altitude  of  4,000  feet  in  the  midst 
of  a tea  plantation.  The  only  ob- 
struction to  the  visual  line  of  sight 
was  a projection  of  the  range  a few 
hundred  feet  higher  than  the  site 
chosen  and  perhaps  20  miles  away. 

Strength  of  the  signals  was  ex- 
tremely good.  After  a semi-perma- 
nent installation  using  100-watt 
transmitters  had  been  made,  the 
carrier  was  measured  and  found  to 
be  from  60  to  100  microvolts  (at 
the  receiver)  on  all  links.  This  car- 
rier strength  was  sufficient  to  op- 
erate the  receivers  with  a good  avc 
voltage. 

An  audio  tone  was  fed  over  the 
entire  link,  originating  at  one  end, 
then  the  repeater  station  linked 
back,  and  the  signal  measured 
at  the  originating  point.  The  max- 
imum variation  over  24  hours,  ex- 
cept for  short  periods  of  fluctuation, 
caused  by  variation  of  the  portable 
power  units,  was  5 db.  The  wire 
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• We’d  like  to  reidentify  ourselves  as  the 
producers  of  two  products  not  ordinarily 
associated  in  manufacture,  but  often  in  use. 
We  refer  to  our  molded  plastics  . . . and  our 
low-torque.  Smooth  Power  motors  and  small 
electric  assemblies. 

Our  plastic  molding  ability  is  well  known  to 
many  leading  manufacturers.  Their  repeat 

purchases  show  their  satisfaction  at  the  alert- 
ness of  our  engineers,  the  ingenuity  of  our  mold 
makers  and  the  skill  of  our  machine  operators. 
You’ll  find  General  Industries’  molded  plastic 
parts  in  homes,  offices  and  industry  ...  on 
vour  transportation  systems  . . . yes,  they  help 
make  the  clothes  you  wear  and  the  foods  you  eat. 

Our  Smooth  Power  electric  drive  mechanisms 
are  built  into  many  phonographs,  recorders  and 
combination  record -changer -recorders  which 
you  play  in  your  home  or  to  whose  music  you 
listen  on  your  radios.  Their  smoothness,  quiet- 
ness and  dependability  spring  from  long  years 
of  fine  designing  and  accurate  building,  and  fit 
them  for  domestic,  commercial  or  industrial 
products  where  such  characteristics  are  essential. 

At  present,  our  production  is  100%  military 
or  priority.  But,  the  time  is  not  too  far  distant, 
we  hope,  when  we  can  discuss  peacetime 
business.  When  that  day  comes,  we’d  like  to 
work  with  you  on  your  needs  for  molded 
plastics  . . . and  small  motors. 

THE  GENERAL  INDUSTRIES  COMPANY 

ELYRIA  . . . OHIO 
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STILL  LEADING  THE  FIELD 


Our  Blue  Ribbon  Resistors  were  unique  in  their  entirely 
new  design  and  their  advanced  engineering  when  we  intro- 
duced  them  in  1939. 

They  still  lead  the  field  as  the  most  efficient : -their  compact- 
ness,  their  toughness,  and  their  remarkable  performance 
offer  you  more  than  just  higher  wattage  ratings  for  unit 
space  required. 

-And  in  our  other  types  of  resistors  and  rheostats  we  also 
offer  you  important  exclusive  advantages. 


HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

division  of 

THE  NATIONAL  LOCK  WASHER  CO. 

ESTABLISHED  ISS6 

Newark  5,  N.  J.,  U.  S.  A. 


MILITARY  COMMUNICATIONS 

level,  except  for  premonsoon  atmos- 
pherics,  was  approximately  -50  db. 

Cross  Modulation 

The  18-channel  voice-frequency 
telegraph  equipment  had  an  auto- 
matic gain  control  and  would  ac- 
cept a variation  of  ±7  db.  It  would 
also  operate  satisfactorily  with  a 
—30  db  wire  level.  The  only  diffi- 
culty encountered  was  cross  modu- 
lation between  channels.  Tests  were 
conducted  and  the  best  modulation 
level  for  this  equipment  was  found 
to  be  about  30  percent.  This  value 
was  a compromise  between  wire 
level  distortion  and  cross-modula- 
tion distortion  experienced  on 
higher  modulation  levels.  With  the 
additional  precautions  of  careful 
balancing  of  interconnecting  lines, 
suitable,  signal  level  on  these  lines 
(zero  db  telephone  level)  and  use 
of  carefully  balanced  modulator 
tubes,  the  cross  modulation  was  re- 
duced to  a very  low  value. 

This  system  would  operate  at 
signal  speeds  of  140  wpm  on  all 
18  channels  with  very  few  errors. 
Also  available  was  a standby  link 
which  could  be  used  in  case  of  fail- 
ure of  the  regular  equipment.  This 
link  had  arrangement  for  connect- 
ing to  the  telephone  exchange  of 
the  two  headquarters  establish- 
ments and  was  used  for  part-time 
radio  telephone  service  between 
them. 


With  this  machine,  a phyilcian  can  I**1 
a hard  oi  hearing  patient  and  dots'- 
aiine  the  tone  range  that  need*  help- 
Called  an  otometer  by  Acousticon  Be 
search  Laboratories,  it  changes  the 
sound  ol  each  word  into  the  limited 
tones  heard  by  partially  deals ned  eon 
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T-350XM  TRANSMITTER 


dials  for  your 

post-war  panels 

The  ''Counterdial, ” combining  horizontal,  drum-type 
counter  with  a flat  interpolating  scale,  makes  each 
revolution  readable  to  200  parts.The  substantial  phenolic 
crank-handle  knob  has  molded-in  insert  to  engage 
slot  on  dial  driving  shaft.  The  non-scrape  positive 
acting  dial  lock  completes  this  trio. 


hub  rotates  360°  for  180"  rotation  of  mam ‘ h • P 
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THE  ELECTRON  ART 

Television  Receiver  Symposium 

Anti-Fade  Antenna  System 

Electron-microphotography  of  Atoms 

Three-phase  Power  From  Single-phase  Source 


Television  Receiver  Symposium 


A panel  discussion  by  television 
engineers  on  television  receivers 
that  reviewed  the  status  of  view- 
ing systems  was  conducted  by  the 
New  York  section  of  the  IRE  at 
the  section’s  June  meeting.  The 
following  resume  of  the  technical 
portion  of  the  meeting  combines 
the  material  that  was  presented 
both  during  the  formal  part  of  the 
meeting  and  during  the  following 
discussion  period  into  topical 
groups  forming  a brief  but  broad 
review  of  the  subject  as  it  stands  to 
date. 

The  speakers  were  George  P. 
Adair,  FCC,  who  spoke  on  fre- 
quency allocations ; I.  G.  Maloff, 
RCA  Victor  Division,  RCA,  who 


demonstrated  reflective  optics ; Kon- 
stantin Pestrecov,  Bausch  & Lomb 
Optical  Co.,  who  analyzed  re- 
fractive optics;  Allen  B.  DuMont, 
Allen  B.  DuMont  Lab.,  Inc., 
who  reviewed  direct  image  view- 
ing; Dorman  D.  Israel,  Emerson 
Radio  & Phonograph  Corp.,  who 
correlated  the  merits  of  direct 
and  projection  viewing;  and  P.  C. 
Goldmark,  CBS,  who  discussed 
color  television. 

Television  Frequencies 

There  is  little  possibility  of  ad- 
ditional television  channels  being 
provided  below  300  me.  Below  225 
me,  channels  will  be  shared  with 
other  services.  The  480-920  me 


PRODUCTION  LINE  FOR  HIGH-FREQUENCY  HEATING 


These  Megatherm  units  are  built  lor  controlled  surlace  and  spot  heat  treatment  in  the 
metal  industry  and  have  been  used  lor  dielectric  heating  in  the  plastics,  textile,  food 
and  woodworking  industries.  The  assembly-line  technique  is  employed  in  the  plant 
o!  the  Industrial  Electronics  Products  Division  ol  Federal  Tel  & Radio  Corp. 


Belden 

CORDS 


and  SAVE  YOUR  DEALERS 
COSTLY  SERVICE  CALLS 


with 


what  is  the  Belden 
CONNECT-A-CORD? 


Users  want  this  new  advantage  — 

It’s  a new  idea — still,  as  a result  of  a re- 
cent survey,  over  33%  of  vacuum  cleaner 
users  were  already  found  to  be  in  favor  of  the 
advantages  of  the  Belden  Conncct-A-corD. 
This  new  Belden  product  is  no  postwar 
dream.”  It  is  already  engineered-  and  only 
offered  after  a thorough  check  which  has 
shown  conclusively  that  your  customers  want 
the  Belden  Connect- A-corD  on  their  better 
electrical  equipment. 


Belden  Comcr-A-wD 

There  is  something  new  in  electrical  cords! 

Belden  Connect-A-corD  eliminates  costly  service 
calls  to  repair  cords  and  plugs.  Makes  replacement 
as  easy  and  profitable  for  your  dealers  as  iron  cord 
replacement.  The  Belden  Connect-A-corD 

1 Provides  a cord  for  every  tool  or  appliance 
■*"  —detachable  at  the  appliance  end  as  well 
as  the  plug  end. 

2 Is  available  in  various  lengths  and  colors 
to  fit  any  installation. 

2 Simplifies  line  assembly  operation.  Simpli- 
fies packing  and  display. 

4 Provides  a NEW  SALES  FEATURE. 

A worth-while  sales  feature— promoted  by  con- 
sistent national  advertising.  Get  information  on 
the  new  Corditis-free  Connect-A-corD  today. 

Belden  Manufacturing  Company 
4625  W.  Van  Buren  Street,  Chicago  44,  111. 
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“Searching  Unit”  for  Sperry  Products’  ReTlectoscope 
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SUPERSONIC 

CRYSTALS 

Curved  . . . spherical  ...  or 
flat  supersonic  crystals  for  a 
full  range  of  biological,  chemi- 
cal and  materials  testing  pur- 
poses. Crystalab  is  specialist 
in  them  all.  That's  why  leading 
manufacturers  like  Sperry  Prod- 
ucts Inc.,  whose  renowned  Re- 
flectoscope  employs  our  super- 
sonic crystals,  come  to  us  with 
their  problems. 

If  you  have  a problem  or 
product  involvinq  the  use  of 
supersonic  crystals,  our  engi- 
neers will  be  qlad  to  have  you 
consult  them. 

W rite  Dept.  E.L.  for  comprehen 
sive  catalogue  " Selectronic  Crys 
tals"  and  facilities  booklet  "Cry*- 
talab  Solves  a Problem", 


CRYSTAL  RESEARCH  LABORATORIES 

HARTFORD,  CONNECTICUT 


Zenith  optical  laboratory 

SPECIALISTS  IN  \0^/  123  WEST  64,h  STREET 

VACUUM  DEPOSITION  V»>/  NEW  YORK  23,  N.  Y. 
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"BO"  POWER  RELAY 

The  "BO*'  relay  is  an  all-purpose 
rfouble  pole  power  relay-  Like 
other  Allied  types  it  is  ruggedly 
designed  yet  features  compact- 
kc*  and  minimum  weight.  This  re- 
lay utilizes  molded  Bakolite  insu- 
lation throughout.  Contact  rating 
it  15  amperes  at  24  volts  DC 
or  110  volts  AC  non-inductive 
The  “BO"  relay  can  be  furnished 
normally  open,  normally  closed  or 
double  throw  and  is  available  for 
either  AC  or  DC  service.  Weighs 
4 ounces. 

Height  1%";  Length  1%" 
Width  1 13/32" 


constant  progress 

MARKS  ALLIED 
RELAY  DESIGN 


A 

p 


"DO"  TYPES 
3 and  4 POLE 

The  “DO"  three  and  four  pole 
relay  is  simitar  in  function  to  the 
“BO"  type  described  above,  h 
supersedes  the  old  three  and 
four  pole  type  and  features  such 
modifications  as  simplified  ter- 
minal arrangements,  adjustable 
contacts, and  improved  mechanical 
•liucture.  By  using  molded  Bake- 
Hte  insulation  throughout,  greater 
electrical  clearance  is  provided. 
Contocts  are  rated  at  15  amperes 
ot  24  volts  DC  or  110  volts  AC 
non-inductive.  Can  be  furnished 
normally  open,  normally  closed, 
double  throw  and  for  AC  or  DC 
service  as  specified.  Weight  for 
three  pole  type  7 ox.,  four  pole 
7V»  ox. 

Three  pole  Height  2 Va"i  Length 
MS"  Width  IV';  Four  pole 
Height  2 V;  length  2 1/16" 
Width  1 V. 


Marking  time  or  "resting  on  laurels" 
in  no  way  reflects  Allied’s  engi- 
neering and  business  philosophy. 
A specific  control  doe*  a good  job 
. . . but  can  it  be  improved?  Allied 
engineers  and  field  staff  check  its 
working  performance  . . seek  pos- 
sibilities to  better  or  broaden  its 
usefulness. 

Thus  refinements,  revisions  and 
modifications  in  basic  types  of  re- 
lays come  about — as  in  the  three 
and  four  pole  "DO"  and  the 
all-purpose  double  pole  "BO 
types  described  herein.  Keeping 
pace  with  the  constant  engineering 
progress  of  manufacturers  whose 
products  require  electrical  control 
. . . anticipating  their  requirements 
. . . epitomizes  Allied’s  philosophy. 
Let  your  control  problems  become 
our  engineering  projects. 


ALLIED  CONTROL  COMPANY,  INC. 

GENERAL  OFFICES:  2 Ea.l  End  A...  lot  79th  St.)  New  Y®rk  2I'  N "d^t^Co  rfCaMtrn'oJnc. 

ptcnh.ni,.  Conn.  Chtcogo-4321  Kno.  A..nu.,  Chicago  41.  Illmon.  In  W-l™  Alh.d  Control 
1633  South  Hope  St.,  Loi  Angele*  15,  Cal.f. 
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PLUGS  “JACKS 

...for  every  known  application ! 


Built  in  accordance  with  latest  Signal  Corps  and  Navy  specifications, 
Amalgamated  Plugs  and  Jacks  are  tropicalized  to  make  them  fungus 
resistant,  waterproof  and  moistureproof  when  called  for.  Insulators  of 
these  components  are  designed  to  wthstand  extremes  of  temperatures 
for  — 67°F  to  + 167 #F,  at  humidities  up  to  100%.  We  also  specialize 
in  producing  Plugs  which  will  bear  up  under  the  high  heat  met  in 
rubber  molding  cord  sets. 

W NOTE.'  Amalgamated  Engineers  will 
y gladly  consult  with  you  on  the  design 

■/  and  development  of  Plugs  and  Jacks 

1<>r  special  applications  — present  or 
\ ^ postwar. 


wherein  both  a modified 
plug.  PL-55  and  PL-68,  are 
held  In  place  by  a phenolic 
case.  Same  specifications  as 
PL-55  and  PL-68. 


JACK  JK-26, 
N.A.F.  215284-2 


standi  60  cycle  AC  poten- 
tial of  500  volts  effective, 
applied  between  any  two 
terminals  tor  not  less  than 
two  seconds.  Meets  mini- 
mum insulation  value  of 


JACK  JK-48 

Light  duty,  two  • conductor 
Jack,  mate  to  Plug  PL-291 
and  Plug  291-A. 


PLUG  PL-54,  PL- 540, 
PL-354, 

N.A.F.  215285-2 

Short  sleeve,  two-conductor 
plug,  mate  to  Jack  JK-26. 
Same  specifications  as 


PLUG,  STYLE  "D" 

Two-conductor,  special  type  plug  for 
use  with  Neoprene  or  Buna  S molded 
cords.  Same  specifications  as  PL-55. 


AMALGAMATED  RADIO  TELEVISION  CORP. 

476  BROADWAY  • NEW  YORK  13.  N.  Y. 
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ACT l M.  SIZK 


on  the  wheel  of  an  old  “wind-jammer."  Y et  today 
one  man  easily  steers  a vessel  ten  times  the  tonnage, 
in  any  weather,  with  a wheel  about  quarter  the  size. 
Modern  engineering  has  made  this  possible. 

So  it  is  with  miniature  electronic  tubes.  They  are 
not  only  smaller,  but  thev  offer  many  other  advan- 
tages when  used  in  high-frequency  circuits.  More- 
over the  shorter  elements  of  miniatures  are  more 
rigid  and  are  less  prone  to  distortion  as  the  result 
of  vibration  or  shock. 

Manufacturers  of  radio  sets  and  other  electronic 


the  size  and  improving  the  func- 
tion of  their  new  equipment.  TUNG-SOl.  engi- 
neers will  consult  with  manufacturers  in  the 
designing  of  circuits  and  in  the  selection  of  tubes. 
Consultations  are  always  held  in  strictest  con- 
fidence. 

TUNG-SOL 

ELECTRONIC  TUBES 


TUNC-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 
AUo  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  In 
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f onant 


family  of  instrument  rectifiers 


I 


TELEVISION  SYMPOSIUM 


It’s  a distinguished  family,  this  Conant  clan  of 
instrument  rectifiers.  They  have  taken 
all  the  mystery  out  of  the  rectifier  business. 

Over  ninety  per  cent  of  all  rectifier  ’ 
requirements  are  served  by  1 2 types— 4 basic 
assemblies  in  3 series.  These  3 series  are 
the  three  members  of  the  Conant  family  shown 
above.  Special  types,  however,  can  be 
developed  as  needed,  and  you’ll  find  Conant 
ready  to  cooperate. 

Conant  rectifiers  are  available  from  stock  for 
immediate  delivery  on  priorities  of  AA5  or 
higher.  MRO,  CMP,  V3  or  MILITARY  END 
USE  classifications  are  recognized. 

If  you  have  no  priority:  File  form  WPB  547  for 
your  stock  requirements.  You’ll  be  glad  to 
know  this  Conant  family  of  rectifiers.  They’re 
doing  a great  wartime  job. 


ture  plus  the  wider  viewing  angle 
makes  direct  viewing  preferable 
for  the  size  images  that  can  be 
obtained  by  this  method,  especially 
in  the  home.  The  limits  used  in  de 
termining  the  viewing  angle  were 
the  angles  from  the  normal  at 
which  50  percent  of  the  normal 
brightness  was  received. 

The  lower  accelerating  voltage  of 
direct-viewing  tubes  simplifies  tube 
manufacture,  and  increases  tube 
life  over  the  life  of  projection 
tubes  by  a factor  of  about  two 
Spot  size  is  small  enough  for  full 
resolution  by  the  tube  of  the  trans 
mitted  525  lines  (it  was  stated  that 
this  is  not  possible  in  the  5-inch 
projection  tubes  where  great  light 
intensity  necessitates  a propor- 
tionally larger  spot). 

Direct  viewing  has  the  advantage 
that  all  the  focusing  is  done  elec 
trically,  there  is  no  optical  align 
ment  and  focusing,  and  there  is  not 
the  optical  loss  of  light  from  sur 
face  reflection  and  dust  absorption 
The  direct-viewing  system  is  sim 
pier  and  thus  cheaper,  although  it 
has  the  disadvantage  of  a curved 


& nbllument  £RectifiieM 


6500  0 STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


20  Votoy  Si*  Now  Y0H1 7,  Naw  York  2017  Grond  Am,  Kowa*  C»y  8,  Mo,  1526  Ivy  S»„  W,  Cola. 

05  £.  Gav  St~  Colombo*.  Ohio  Camp  S»^.  Dallas  2,  Taxa«  42 1 4 Country  Club  Dr.,  lorn 


600  S.  MJcNflon  Am, Chico«o  5. ML  37t  Bm^rd  N.  L.  MattojGa.  L»Port  Dw  69  brood  Si,  N.Y.4.R  V. 

1215  Harmon  PL,  MbwoopoMi  3,  Mow.  401 1 Groor  Avo,  5*.  loom.  Mo.  50  Yarmouth  *d„  Tnrmw* 


50  Yarmouth  id,  Toronto,  Canada 


viewing  screen. 


Television  Receivers 


US 


From  the  customer’s  viewpoint 
the  choice  between  direct  and 
projection  viewing  will  depend  on 
the  bulk  of  the  receiver,  especially 
for  comparable  sized  images.  The 
large  tube  necessary  for  direct 
viewing  can  be  mounted  so  as  to 
be  retractable.  Possibly  the  large 
tube  could  be  incorporated  in 
bulky  piece  of  furniture  but  this 
has  the  drawback  that  the  com 
plete  receiver  is  no  longer  a pack 
age  unit.  Projection  requires  < 
second  piece  of  furniture  the 
screen,  nevertheless  the  bulk  size 
is  less  than  with  direct  viewing 
and  there  is  the  possibility  of  using 
the  room  wall  for  the  screen. 

In  forcing  the  brightness  of  te  e 
vision-tube  images,  white  takes  on 
a hue  due  to  the  difference  in  per 
sistence  of  the  several  pigmen 
used  to  obtain  white  light  from  t c 
screen.  This  constitutes  chroma  ic 
aberration  in  the  cathode-ray  tu  e 
and  is  most  likely  to  be  encoun 
tered  in  tubes  for  projection  sys 
terns. 

| The  loss  of  highlight  brightness 
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here98  what  came  out . • • 

when  electronics  went  in 


h manufacturer  of  metal  cabinets  recent- 
ly installed  resistance  welding  with  elec- 
tronic control- — to  replace  other  forms 
of  fabrication. 

Here’s  what  came  out  of  his  fabrica- 
tion costs  in  one  year:  600  tons  of 
rleel,  lOfiOO  man-hours  of  labor,  3,000 
pounds  of  welding  rod.  The  total  saving 
amounted  to  $100,000. 

The  reasons?  Resistance  welding 
with  precision  electronic  control  per- 
"titted  use  of  lighter  gauge  stock  in 
•he  whole  structure — with  strength  and 


tolerances  maintained.  This,  in  turn, 
permitted  better-planned  shearing  that 
greatly  reduced  scrap  losses. 

Resistance  welding  control  is  but  one 
of  the  many  ways  electronics  is  serving 
industry  as  a production  tool — speeding 
fabrication,  cutting  costs,  improving 
products. 

For  full  information  on  electronic  ap- 
plications for  your  industry,  consult  your 
nearest  Westinghouse  office.  Or  write 
Westinghouse  Electric  Corporation,  P.  O. 
Box  868,  Pittsburgh  30,  Pa.  j-9ioso 


ELECTRONIC  CONTROL  for  re- 
sistance welding  equipment 
provides  accurate  control  of 
weld  time,  heat  and  timing 
sequence.  Through  the  pre- 
cision of  electronic  tubes,  ac- 
curately controlled  electric 
current  may  be  sent  stabbing 


through  metal  as  many  as 
1,800  times  per  minute. 


TUNE  IN  JOHN  CHARLES  THOMAS,  SUNDAY — 2:50  BWT,  NBC. 
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Westinghouse 

PLANTS  IN -23  CITIfS  . . . OFFICES  EVERYWHERE 


ILeCTRONIC  EQUIPMENT  FOR  INDUSTRY  AND  HOME  • ELECTRONIC  TUBES  • RADIO  *ND  TELEVISION 
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in  projection  systems  was  said  tol 
a definite  drawback,  giving  reduci 
contrast.  The  production  of 
larger  image  by  projection  than 
can  be  obtained  directly  was 
thought  undesirable  because  the 
lack  of  contrast  gives  the  impres- 
sion of  poor  definition. 

Television  Reception 

Transmission  problems  at  the 
higher  frequencies  used  for  tele- 
vision necessitate  placing  antennas 
where  the  radiation  is  available. 
Possible  means  of  increasing  cover- 
age and  improving  reception  are 
the  use  of  repeaters,  directional 
arrays  rotating  in  direction  toward 
the  station  automatically  as  that 
station  is  tuned  in  at  the  receiw- 
and — for  apartment  houses— a mul- 
tiple array  receiving  antenna  feed- 
ing a booster  amplifier  from  which 
r-f  energy  from  all  stations  is  piped 
along  coaxial  lines  to  receivers. 

Color  Television 

The  use  of  absorption  color  di&ks^ 
appears  to  be  the  most  satisfactory; 
color  system.  At  present,  rotating?* 
color  disks  synchronized  at  the  re- 
ceiver with  corresponding  disks  at 
the  transmitter  are  used,  but  the 
system  can  be  made  completely 
electronic.  Using  a 10  mc-band- 
width,  525  line,  three-color  trans- 
mission giving  25  percent  better 
horizontal  definition  than  the  pres- 
ent black  and  white  television  is 
feasible.  Disks  now  rotate  silently. 

The  loss  of  light  by  color  filter- 
ing may  be  compensated  by  using 
a black  translucent  screen.  The 
three-color  system  gives,  if  not  per- 
fect color  rendition,  at  least  a 
pleasing  effect.  Use  of  the  black 
screen  constitutes  the  addition  of 
the  black  plate  used  in  four  color 
printing.  The  black  screen  also 
makes  viewing  in  an  illuminated 
room  possible,  the  screen  being 
black  in  the  absence  of  video  il- 
lumination even  if  it  is  illuminated 
by  room  light.  A direct-viewing, 
seven-inch,  flat-faced  tube  with  a 
plastic  magnifying  lens  to  give  an 
apparent  ten-inch  image  has  been 
used.  Either  of  the  two  previously 
described  projection  systems  can 
be  used. 

During  the  question  period,  in- 
quiry was  made  concerning  the  use 


A Product  of  the  Electro -Magnetics  Division  of 


It  takes  engineering,  plus  craftsmanship, 
to  produce  a relay  like  the  Cook  Type  142. 
Like  all  Cook  relays,  the  Type  142  is  care- 
fully designed  to  the  high  standards  of 
Cook  engineering,  is  made  of  the  finest 
selection  of  materials  tested  in  our  metal- 
lurgical laboratory,  and  is  precision  man- 
ufactured with  modern  equipment  in  a 
model  plant.  However,  it  is  a relay  like 
this,  representing  almost  the  maximum 
number  of  spring  pile-ups,  wherein  the 
qualities  of  Cook  craftsmanship  are  so 
predominantly  apparent.  It  is  the  careful 
assembly,  adjusting  of  springs,  and  in- 
spection and  testing  that  produces  the 
unseen  qualities  of  Cook  relays. 

The  I ype  1 12  is  a standard  type  relay 
operating  at  48  Volts,  D.C.  Armature  is 
of  Armco  magnetic  iron,  springs  of  nickel 
silver,  with  bakelite  insulators  baked  at 
150  degrees  for  100  hours,  and  phosphor 
bronze  hearing  pin.  The  contacts  are 
palladium  and  contact  combination  con- 
sists of  1 1 Forms  "A",  and  one  each  of 
Forms  “B”,  "C"  and  "I)’'. 


UNEXCELLED  FOR  ALL 
VIBRATOR  INSTALLATIONS 


Long  experience  in  designing  and  manufac- 
turing vibrators  has  given  us  the  knowledge 
to  build  vibrators  that  are  unexcelled  for 
every  purpose. 


Manufactured  by  the 
makers  of  the  famous  RA- 
DIART  Rust  Proof  Aerials 
and  Radiart  V i p o w e r 
Units. 


Write  for  information  on 
is  toese  two  products. 
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Our  engineers,  both  before  and  during  the 
war,  have  had  wide  experience  in  develop- 
ing vibrators  to  meet  rigid  specifications. 
Their  knowledge  and  experience  have  led 
them  to  completely  engineer  each  vibrator 
— not  just  make  an  adaptation  from  some 
other  type. 

The  high  quality  and  long  life  of  RADIART 
VIBRATORS  have  been  demonstrated  in  mil- 
lions of  installations. 

Why  not  let  our  engineers  help  you  by 
designing  RADIART  VIBRATORS  AND 
VIPOWERS  for  your  specific  require- 
ments? 


Phonics  _a.9„„  ,us 


Radiart  Corporation 


3571  W.  62nd  STREET  • 

Export  Division 

25  Warren  Sc.,  New  York  7.  N.Y. 


CLEVELAND  2,  OHIO 

Canadian  Office 

455  Craig  Sc.,  W.,  Moncreal.  Canada 
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AREA  OF 
DISTRIBUTION 


The  new  amazing  Altec 
Lansing  multi-cellular  Du- 
plex Speaker  provides  up 
to  1200%  increased  area 
of  quality  sound  distri- 
bution in  the  horizontal 
plane.  Horizontally  the 
Duplex  delivers  a sixty  de- 
gree angle  of  distribution, 
or  twelve  times  the  area 
distribution  at  high  fre- 
quencies as  compared  to 
single  unit  speakers  of 
comparable  size.  Another 
reason  why  the  DUPLEX  is 
the  SPEAKER  that  REVO- 
LUTIONIZES the  methods 
of  sound  REPRODUCTION. 


SEND  FOR  BULLETINS 


1210  TAFT  BLDG,  HOLLYWOOD  28,  CALIF. 
230  WEST  57  STREET,  NEW  YORK  19,  N.  Y. 
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of  light  valves.  It  was  stated  that 
work  on  such  systems  was  being 
done  elsewhere,  but  that  definition 
and  contrast  did  not  compare  to 
that  obtainable  from  cathode-ray 
tubes.  The  light  source  can  be  as 
bright  as  needed,  (see  Projection 
Systems  for  Theater  Television, 
Electronics,  p 218,  May  1945.) 


Anti-Fade  Antenna 
System 


A description  of  an  anti-fade  an- 
tenna system  used  for  reception  of 
a station  at  Droitwich,  England  be- 
fore the  war  is  included  in  a paper 
by  P.  Adorjan,  of  Rediffusion  Ltd., 
appearing  in  the  Journal  of  the 
British  Institution  of  Radio  Engi- 
neers (9  Bedford  Square,  London, 
W.C.  1)  for  Jan-Feb,  1945.  Al- 
though the  paper  discusses  some 
of  the  engineering  aspects  of  audio- 
frequency wire  broadcasting  it  in- 
corporates the  subject  of  antennas 
in  describing  the  equipment  used 
at  remote  receiving  stations  that 
demodulate  an  r-f  signal  from  a 
central  main  station  (such  as 
Droitwich)  and  supply  local  sub- 
scribers over  an  a-f  line.  Such  wire 
broadcasting  has  been  developed  in 
Great  Britain  during  the  past  15 
years  and  by  1943  was  subscribed 
to  by  about  half  a million  license 
holders. 

For  reception  of  Droitwich,  two 
antennas  were  placed  in  a line 
pointing  in  the  direction  of  Droit- 
wich, a half-wavelength  (750  me- 
ters) apart.  Halfway  between  these 
two,  a middle  antenna  was  in- 
stalled, and  the  output  of  the  two 
outer  antennas  combined  through 
mixer  amplifiers. 

Phases  and  amplitudes  are  so  ad- 
justed that  the  direct  ray  received 
on  the  two  outer  antennas  cancels 
at  the  junction  point  of  the  two 
outer  antenna  mixer  units.  The 
output  of  such  a mixer  unit  will 
contain,  therefore,  a signal  due  to 
indirect  ray  only.  This  output  is 
then  mixed  with  the  output  of  the 
middle  antenna  unit.  Amplitudes 
and  phases  are  so  adjusted  that  the 
final  output  contains  the  signal  due 
to  direct  ray  from  the  middle  an- 
tenna only. 

The  use  of  this  system  results  in 
a satisfactory  signal  being  obtained 


WIRE,  RIBBON  and  other 
METAL  PRODUCTS 


Smaller  than  Commercial  Sizes 
Closer  than  Commercial  Tolerances 


PLATINUM  - RHODIUM  • IRIDIUM 
PALLADIUM  • RUTHENIUM 
and  ALLOYS 


Commercial  Purity  and  High  Purity 
WIRE,  SHEET,  FOIL,  TURING 
Wire  for  Resistance  Thermometers 
Rhodium  Electroplating  Solutions 
Platinum  for  Electronic  Tubes 
Rhodium  First  Surface  Mirrors 
Alloys  for  Contact  Points 
Wires  for  Detonator  Fuses 
Dental  Metals  and  Alloys 
Wires  for  Thermocouples 
Tubing  for  Ink  Devices 
Wire  for  Pirani  Gauges 
Spark  Plug  Electrodes 
Wollaston  Wire 
Duro  Palladium 


Galvanometer  Suspension  Strips 
Platinum  Covered  Grid  Wire 
Gold  Covered  Silver  Wire 
Gold  Cyanide  for  Plating 
Special  Melts  and  Alloys 
Gold  Covered  Grid  Wire 
Small  Spring  Ribbon 
Electroplated  Wires 
Ribbon,  All  Metals 
Molybdenum  Ribbon 
Tungsten  Ribbon 
Filament  Ribbon 
Filament  Wire 
Fuse  Wire 
Grid  Wire 


SINCE  1901 


44  GOLD  STREET  NEW  YORK  7 


BASE  METALS  • RARE  METALS 
PRECIOUS  METALS  and  ALLOYS 


Write  for  list  of  Products  and  Data 
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-AMD  LOTS  OF  ’EM! 


- Emponncoa  AwmbFy 

Toil  Gunner  Endowra 


'Auxiliary  Power  Plant 


Pretsure  Bulkhead* 


Engineers'  and  Pilot* 


I (Internal  Wrenching  Nut*) 


Pilot*'  Seat*  and 
Other  Furnishings 


Tonic  Door 
Wing  Panel 

(Internal  Wrenching  Nutt) 


"■'Wing  Spar  Assembly 


ELASTIC  STOP  NUTS 
ON  THE  B-29 


^ith  more  than  200  separate  electric 
Motors,  elaborate  radio  and  other 
communications  and  detecting  equip- 
men*’  landing  lights,  other  lighting  in- 
stallations and  other  related  equipment. 
Its  no  wonder  that  the  giant  Super- 
fortress, the  great  Boeing  B-29,  is  widely 
aonn  as  the  "all-electric”  plane. 

^'lil  highly  significant  that  many  of 
toe  75,000  Elastic  Self-Locking  Stop 
uts  in  a single  B-29  are  used  to 
Suarantee  tight,  trouble-free  connec- 
tl0j8  ^m^hout  the  various  electrical 
3nd  e,ectronie  installations. 

^°fr>ing  noises,  no  spotty  reception,  no 
ro  en  transmission,  no  light  failures,  no 
‘ no  fatal  defects  in  c ritical 


(Infernol  Wrenching  Nuf») 


detecting  apparatus- — not  from  loose 
nuts,  when  the  famous  red -collar  nuts  are 
used  as  they  are  on  the  Superfortress. 

Better  performance  from  better  products 
can  he  certified  when  ffred-collar  con- 
trol” is  given  both  products  and  produc- 
tion machinery,  because  Elastic  Stop 
Nuts  positively  will  not  shake  loose! 


/ ****sisP^ 

(Infernal  Wrenching  Null)  / 

Wing  looding  Edge  AMochmenl 

They  hold  their  place.  Yet  they  are  easy 
to  remove,  and  can  he  used  over  and 
over  again. 

For  firm,  hold-tight  connections  in  elec- 
trical and  electronic  equipment,  specify 
the  nut  with  the  red  collar,  the  Elastic 
Self-Locking  Stop  Nut. 


LOOK  FOR  THE  RED  COLLAR 
THE  SYMBOL  OF  SECURITY 


MADf  IN  All  SIZIS  AND  TYHS  - WITH 
THU  ADS  TO  fir  ANT  STANDAIO 

t ms  or  ioits. 


ESNA 


JLA  s t 1 c stop  nut 
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MODERN 
COIL  WINDINGS 

The  "Honeycomb"  or  Universal  Lattice  Coil  is 
still  a popular  winding  in  radio  frequency  circuits 
or  as  R.  F.  Choices. 

We  can  furnish  this  type  of  winding  on  tubes, 
dowels,  resistor  forms  and  iron  slugs  to  close 
inductance  tolerances  and  conductor  sizes  from 
#18  to  #40. 

COTO-COIL  CO.,  INC. 

COIL  SPECIALISTS  SINCE  1917 
65  PAVILION  AVE.  PROVIDENCE  5,  R.  I. 
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NOW.. .It  can  be  told... 

^RadacoR^ 

IRON  CORES 

The  LARGEST  ever  built 
helped  the  B-29  s 

accomplish  their  tasks 


RADACOR  Iron  Cores-actual  size 


RADACOR  is  the  result  of  exacting  wartime 
demands.  When  an  exceptionally  large  core 
with  precision  milling  and  extreme  electrical 
and  physical  tolerances  was  required  for 
equipment  built  into  B-29's,  only  RADACOR 
fulfilled  the  needs,  accomplishing  results 
never  achieved  before  or  since!  GENERAL 
ELECTRIC  COMPANY  built  the  antenna 
loading  units,  and  orders  followed  from 
Stewart-Warner  Corporation,  Hammarlund 
Manufacturing  Company,  Inc.,  and  Sentinel 
Radio  Corporation.  We  received  the  largest 
orders  ever  placed  for  one  type  of  Iron  Core 
within  a period  of  a few  weeks,  totaling 
almost  a half-million  dollars. 


FOR  YOUR  POSTWAR  NEEDS 


High  “Q",  high  permeability  (appr.  30)  Iron  Core* 
for  u*e  from  400  KC  to  2000  KC.  Write  us  your 
postwar  requirements  today. 


Such  acceptance  should  merit  your  consid- 
eration when  planning  the  use  of  Iron  Cores 
as  a component  of  your  radio  equipment 
Our  engineering  staff  of  core  specialists  and 
our  laboratory  facilities  are  available  for  your 
specific  requirements. 


mmn 

MAGUIRE  INDUSTRIES,  INC. 

375  FAIRFIELD  AVENUE.  STAMFORD.  CONN. 


RADACOR  Iron  Cores  ore  now  available  in  a wide  variety  of 
sizes,  shapes  and  ranges,  in  addition  to  our  complete  line  of 


electronic  cores. 


Sale*  Representatives: 

Stamford,  Conn.,  Earl  S.  Patch,  Powder  Metallurgy  Division 
New  York,  N.  Y.,  347  Madison  Ava. 

E.  J.  Frederick,  Railway  Sales  Division 
Chicago,  III.,  840  No.  Michigan  Ava. 

Ray  E.  Berg,  E.  C.  Winkenwerder,  H.  W.  KaDell 
Indianapolis,  Ind.,  108  E.  9th  St. 

pueisser  Bros.,  Lee  Hinds 
Jenkintown,  Pa.,  P.  O.  Box  244 
D.  M.  Hilliard 

Kansas  City,  Mo.,  Broadway  at  34th  St. 

E.  W.  McSrade,  J.  O.  Schmitx 
Canada,  1041  Das  Marchais  Blvd.,  Verdun,  Quebec 
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MEW 

ANGLE  CORRECTION 
CRYSTAL  EDGING 
MACHINE 


CORRECTS  "X"  AXIS  IN  MINUTES  OF  A 
DEGREE  TO  MEET  SIGNAL  CORPS  SPECIFICATIONS 


SIMPLE  - ACCURATE 
Positive  Adjustment 

Angle  odjustment  in  min- 
utes by  micrometer  reading, 
determined  by  chart.  . . 
Eliminate  complicated  ver- 
nier reading  . . . Enables 
you  to  meet  rigid  SIGNAL 
CORPS  SPECIFICATIONS  in 
minutes  of  a degree. 


* WRITE  TODAY  FOR 
DETAILS  and  PRICES 


VOLKEL  BROS 

MACHINE  WORKS 


1943  West  Manchester  - Los  Angeles  44,  Calif, 


Designers  and  Manufacturers 
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SNIP  IT,  SEAL  IT,  SHIP  IT! 

t*t  Ail- Stye  S<zy4 

Tubular  Form  — 1000  Foot  Reels 


‘SoKctd 

SPEED  VICTORY/ 


Make  quickly  in  your  own  plant  TTTE-SEAL  Cellophane  Bags  of  any 
size  that  seal  out  dust,  air,  water  and  moisture-vapor.  They  protect 
military  supplies  from  damage  in  transport  or  storage. 

Acceptable  for  Methods  I and  IA,  type  III  packaging  . . . available 
in  3,  4,  6 and  8 inch  widths  under  proper  priority  . . . 1000  feet  to  the 
reel.  Saves  stocking  large  quantities  of  special-sized  bags.  (Stock  Bags 


also  available  in  above  widths.) 

“All-Size”  Containers  and  custom  made  bags  can  be  furnished 
plain  or  printed  in  any  widths  or  lengths  desired  on  special  orders  of 
sufficient  quantity. 

Heavy  foil-lined  laminated  bags  or  tubes  meet  every  requirement  of 
Methods  I,  IA  and  II  Military  Packaging.  LOXTITE  Partitions  give  crash 

protection  to  fuses,  rations,  and  delicate  or  fragile  items. 

Reasonably  prompt  shipment  can  be  made  on  government  orders 
bearing  end  use.  A card  will  place  our  technicians  at  your  command. 
T.  M.  IUfl.  & Pot*m  app«*d  for 


TRAVER  CORPORATION 

•Pf.  ET85  • 358-368  Wait  Ontario  Stroot  • Chicago  10,  Illinois 
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. The  urgent  demand,  in  peacetime  day*,  by  the  aircraft 
and  radio  industries  for  a compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  (low  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip- 
ment for  the  armed  services. 


Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality-proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


DYNAMOTORS  • CONVERTERS 
GENERATORS 


POWER  PLANTS  • GEN-E-MOTORS 


PIDNEER  GEN-E-MOTDR 

CORPORATION 

5841-49  DICKENS  AVENUE  CHICAGO  39,  ILLINOIS 


Export  Office,  25  Warren  Street,  New  York  7,  U.S.A. 
Cable  Address:  Simontrice,  N.  Y. 


ELECTRON  MICRO-PHOTOGRAPHY  (contMl  | 

lines  are  segmented  as  is  bamboo  ' 
instead  of  unbroken  as  heretofore 
believed. 

The  development  work  carried  on 
at  the  Physics  Department  of  the 
University  of  Michigan  has  been 
supported  by  the  Evaporated  Metal 
Films  Corporation  of  Ithaca,  New 
York. 

• • • 

Three-phase  Power  From 
Single-phase  Source 

By  Robert  W.  Woods 

Academio  Dean , Union  College 
Lincoln , Nebraska 

Production  of  three-phase  power 
from  a single  phase  source  can  be 
accomplished  by  using  a 120-degree 
lead-phase  shifter,  a 120-degree 
lag-phase  shifter,  and  the  original 
unshifted  source  connected  in  the 
circuit  shown  in  Fig.  1. 

Design  Curves  and  Tables 

The  shifters  can  be  designed  so 
that  there  is  no  attenuation  of 
voltage;  or  in  the  notation  of  the 


Fig.  1 — Connection  ol  lead  and  las 
Bhutan  to  obtain  power  ior  a three- 
phase  load  from  a mtngle-pha*e  Boure* 


analytic  treatment  of  power  phase 
shifters  which  appeared  in  the 
April  1945  Electronics 
e - 120” 

tan*  = - (3)>/» 

F = i 

Because  in  that  notation  in’LC  = "• 
u>CTJ  = b,  and  oCr  = c,  it  follows 
that  equations  for  the  shifters  ate 
The  120-degree  curve  for  the 
lead  shifter 
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YOUR  SMALL 
ASSEMBLIES 


Your  difficult  small  assembly  jobs  can  be  done  quickly 
and  easily.  Use  Cherry  Blind  Rivets  the  new  one-man, 
easy-to-handle  blind  fastener.  Manufacturers  and  re- 
pairmen everywhere  are  switching  to  this  improved 
fastening  technique  — are  making  Cherry  Blind  Rivets 
standard  on  their  small  assembly  jobs. 

These  rivets  are  upset  with  a smooth,  easy  pull- 
;ng  action  exerted  by  small,  easy-to-handle  Cherry 
Rivet  guns.  They  can  be  used  on  fragile  structures. 


in  soft  or  brittle  materials,  in  all  sheet  metals,  in 
crowded  or  cramped  locations.  Cherry  Rivets  are 
installed  by  one  man  from  one  side  of  any  loca- 
tion, blind  or  not,  without  bucking.  Though  they  form 
a strong,  tight  fastener,  they  can  be  easily  and  quick- 
ly removed  with  trimmers  or  a drill. 

There  are  several  types,  sizes  and  alloys  of  Cherry 
Rivets.  Installed  rivets  are  strong  and  neat.  The  in- 
stalled cost  of  Cherry  Rivets  is  low. 


PULLING. 
^ HEAD 


STEM 


NOTCH- 


RIVET 

HEAD 


RIVET  . 
SHANK 


PLUG 
SECTION 
OF  STEM 


PREFORMED 

STEM 

.HCAO 


HOLLOW 


Tube  sockets  are  easily  installed;  firmly  held. 


O*"*  Riveting 


Time  saved  in  fastening  arm  on  record  cSanger. 


transformer  to  loudspeaker. 


- 7'"T " ■■ if- 


a 9u,ck  g/ance  at  the  many  types  and 
5 Merry  Rivets,  write  now  for  Ulus- 
,ed  Ma"ual  D-45,  Department  A- 120, 
!"Y  Rivet  Company,  231  Winston  St., 
Angeles  13,  California. 
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NARROW  BANDPASS  FILTER  UNITS 


• Like  many  of  the  problems  brought  to  the  Audio  Development 
Company,  this  one  involved  a definite  performance  improvement 
with  reductions  in  site  and  weight. 

From  an  originally  specified  maximum  weight  of  40  ox.  for 
potted  one-channel  interstage  fillers,  the  weight  of  this  ADC  five- 
channel  unit  was  reduced  to  less  than  10  ox.  per  section,  hermeti- 
cally sealed.  Volume  was  reduced  by  over  50%. 

Electrical  performance  was  improved  to  provide  a midband  gain 
of  Mil'/i  db  when  the  original  specifications  permitted  a loss 
from  0 to  6 db.  In  addition,  attenuation  characteristics  were  im- 


proved to  provide  approximately  25  db  discrimination  at  1/3  octave 
with  bandpass  il’/x  db  over  ±3%  of  mid-frequency. 

These  filters  are  available  in  single  or  multi-channel  units  for 
frequencies  from  200  cps  to  supersonic  and  carrier  range.  Frequen- 
cies lower  than  200  cps  are  available  with  some  size  increase. 
Units  can  also  be  supplied  in  combination  with  high  or  low  pass 
filters  to  permit  tone  channeling  an  voice  circuits,  thus  allowing 
several  remote  control  functions  to  be  superimposed  on  a single 
voice  circuit  without  interfering  in  any  way  with  regular  service 
■ - ~ ~ 1 We  are  ready  to  help  with  your  filter  and  trans- 

former requirements.  Why  not  consult  with  us  on 
your  specific  problem? 


THREE-PHASE  POWER  (continu'd) 


[■♦sT&rr* 

1 + 6 V3 
2 (2  + 6 V3) 


The  F = 1 curve  for  the  lead 
shifter 


{m-M'F 


6s  + 2 

4 


The  120-degree  curve  for  the  lag 
shifter  ' 

a = [2  + (6  + 2c)  V3± 

V(4  + 36)'  + 16c  (6  + e)  1/2 
The  F — 1 curve  for  the  lag 
shifter 

a*-4a*  + os(2cs  + 26c  + 6,-M)  + 
a (4c>  + 46c  + 26s)  = 

- (c*  + 26c»  + c1  (6s  + 4)  + 46c] 

For  each  value  of  6,  the  first  two 
equations  determine  a design  point 
for  the  shifter  on  an  a-c  plane.  The 


Fig.  2 — Design  curve  tor  120-degree 
lead  shifter 


locus  of  these  design  points  give® 
the  design  curve  of  Fig.  2 for  the 
120-degree,  no-attenuation  lead 
shifter.  Similarly  from  the  second 
two  equations  the  design  curve  of 
Fig.  3 is  obtained. 

Because  a/c  = u>L/r,  e/b  = r/R, 
and  a/b  = v>L/R  each  design  point 
has  associated  with  it  definite  val- 
ues of  the  above  ratios;  therefore, 
if  the  frequency  and  load  resistance 
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KEEP  that  designation  in  mind — 1 
it  when  you  redesign  a lot  oi  \ 
ratus  for  genuine  postwar  efficiency. 

It  represents  the  newest  and  best  in  laminated  elee 
insulation — a new  product  produced  with  anew  IHjre 
base — Glass  Cloth— and  a recently  perfectecN^synthel! 
resin — Melamine. 

While  retaining  the  easy  machinability  and  wor 
that  makes  rapid  production  possible,  it  offers  i—  . 
bination  many  qualities  that  previously  could  be 
separately  only  in  much  less  adaptable  insulating 
terials. 

It  has  very  high  strength — tensile,  compressive  and  flex- 
nral.  It  stands  up  to  440  degrees  Fahrenheit  for  short 
periods,  more  heat  than  any  previous  laminated  grade. 

It  also  stands  arcing  for  longer  periods. 

As  there  is  no  cellulose  in  its  composition,  it  resists  fungus 
growth  in  the  tropics.  And  moisture  absorption  is  so  low. 
and  has  so  little  effect  on  it,  that  its  stability  of  dimensions 
and  electrical  characteristics  is  equally  unusual. 

Other  materials  with  glass  fibre  bases,  and  new  and 
asaful  characteristics  are  also  now  available. 

You  will  certainly  find  use  for  it.  Remember  the  name, 

Formica  FF-55! 

Engineering  test  data  is  yours  for  the  asking. 

™l  FORMICA  INSULATING  COMPANY,  4661  SPRING  GROVE  AVENUE,  CINCINNATI  32,  OHIO 

ELKTRONICS_^«rf  jmj  fnno|p 
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HERMETICALLY  SEALED 


HERMETICALLY  SEALED  Advance  Relays 
maintain  their  original  efficiency  under  condi- 
tions that  soon  ruin  or  dangerously  impair  other 
types  of  relays.  Dust,  moisture,  oil  or  fungus  can't 
reach  the  precisely  adjusted  parts.  The  low  atmos- 
pheric pressure  of  high  altitudes  can't  cause  failure 
through  arcing  or  condensation.  That  these  relays  are 
tamper-proof  is  another  advantage.  And  basically, 
like  all  Advance  Relays,  they  have  the  stamina  to  re- 
sist the  severe  shock  and  vibration  of  battle,  as  has 
been  so  abundantly  proved  on  all  war  fronts. 

TYPE  H-1600 

Double  pole,  single  throw.  (May  be  had  in  single 
pole,  double  throw. ) Full-floating  armature  suspen- 
sion minimizes  friction  between  frame  and  armature. 
Pure  silver  contacts  are  standard,  with  palladium  or 
platinum  alloys  on  special  order.  Wiping  contacts 
insure  clean  contact  surfaces.  All  steel  parts  cadmium 
plated  to  withstand  the  200-hour  Salt  Spray  Test.  All 
brass  and  bronze  parts  nickel  plated.  All  laminated 
phenolic  parts  moisture-and-fungus-proofed.  Coil  is 
wound  with  highest  grade  enamel  wire  and  insulated 
with  100%  cellulose  acetate  with  a final  vacuum 
varnish  impregnation.  Dimensions  are:  height  of 
case  only,  2";  diameter  1-5/8”.  Mounting  screws 
and  solder  lug  terminals  project  5/16"  below  case. 

Any  Advance  Relay  can  be  furnished  in  hermeti- 
cally sealed  containers  on  special  order.  When  you 
select  Advance,  you  will  have  relays  exactly  as  you 
want  them.  Our  engineers  are  at  your  service.  Write 
today  for  full  information. 


ADVANCE  ELECTRIC  & RELAY  CO. 

1260-1262  W.  Second  Street,  Los  Angeles  26,  Calif 
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Fig.  3 — Design  curve  lor  120-degres  lag 
shifter 


R be  given,  the  values  of  L,  C,  and 
r can  be  computed  for  any  selected 
design  point.  The  transmission  ef- 
ficiency is  also  fixed  at  each  design 
point.  It  may  be  shown  that,  for 
the  lead  shifter 

pit  , .r.  , , ic  (fr,  + 2)+°i,r± 

lsfTi-d  - 1 L1  + “ 1(2“  — 1)  + bcP  4- 

[(2o  - 1)  - be  + V (a  - DPI 
[6(o-l)-2cP  J 
and  for  the  lag  shifter 

Eff,„=  1/jl  +f[l  + *X 

[[ffc  + 2 «)  (a  - 1):  + o (2  - a)  (b  + <•) 

+ c(b  + cl |-  t 

[[  [(6  + 2c)  (f=13f  + 

la  (2  - a)  (1  - a)  - (t  + c)1  (1  - »)1~] 

[a  (2  - a)  + c (6  + c)Pli*  -1 

To  show  the  corresponding  values 
of  these  various  quantities.  Table 
I and  Table  II  have  been  prepared. 

As  an  application  of  these  tables, 
let  us  design  a set  of  shifters  for 


I— Parameters  and  efficiency  of  <1'1' 


lead  shifter 

b 

a 

e 

a/b 

a/e 

0.6 

0.874 

0.002 

1.122  270.M 

0.7 

0.702 

0.023 

1.103 

30.60 

0.8 

0.722 

0.049 

0.903 

14.75 

0.9 

0.736 

0.077 

0.819 

9.66 

1.0 

0.745 

0.106 

0.746 

7.10 

1.1 

0.780 

0.130 

0.682 

5.77 

1.2 

0.751 

0.186 

0.626 

4.04 

1.3 

0.748 

0.175 

0.575 

4.27 

1.4 

0.742 

0.197 

0.630 

3.77 

1.6 

0.738 

0.216 

0.490 

3.42 

1.8 

0.725 

0.230 

0.463 

3.16 

1.7 

0.717 

0.242 

0.421 

2.96 

1.8 

0.709 

0.254 

0.394 

2.79 

1.9 

0.700 

0.283 

0.368 

2.86 

2.0 

0.880 

0.272 

0.348 

2.64 
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... you  need  Silentbloc  to  damp  vibration 


Home  equipment  should  not  start 
and  stop  with  a shudder.  Indus- 
trial machines  must  not  send  nerve- 
tensing  tremors  through  factory  floors. 
Such  vibration  impairs  smooth  opera- 
tion and  invites  wear. 

In  your  new  products,  you  can  control 
vibration  with  engineered  precision  by 
using  General  Silentbloc  Rubber  Mount- 
iogs.  Patented  Silentbloc  construction 
permits  almost  infinite  variation  in  per- 
formance to  solve  any  problem  of  vibra- 
fion,  noise  and  shock  load.  General 


engineers  will  design  a Silentbloc  mount- 
ing to  fit  your  specific  need  for  axial, 
radial  and  conical  deflections;  to  vary 
with  operating  cycles ; to  meet  any  service 
conditions. 

Silentbloc  Mountings  are  made  of  any 
metal  and  any  rubber,  in  sizes  to  carry 
loads  of  ounces  to  tons.  They  are  simple 
to  incorporate  in  designs  and  to  install. 

Silentbloc  Mountings  belong  in  your 
new-model  blueprints.  Write  for  inform- 
ative booklet.  The  General  Tire  & 
Rubber  Co.,  Dept.  192,  Wabash,  Ind. 


Patented  Silentbloc  principle 
of  elongating  and  confining 
rubber  between  metal  mem- 
bers producesa  virtually  inde- 
structible adhesion  and  uni- 
form stress, resulting  in  precise 
performance  and  long  life 


GENERAL 

SILENTBLOC 

mountings,  beari 

COUPLINGS 


Mechanical  Goods  Division,  Wabash,  Ind. 

the  GENERAL  TIRE  & RUBBER 

Makers  of  America's  Top-Quahty  Tire 
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If  she  can  feel  it  shake. 


THREE-PHASE  POWER 


(continued) 


PORTABLE  POWER  PROBLEMS 


THIS  MONTH  — BROWN-DUVEL  MOISTURE  METER 


BURCESS  INDUSTRIAL  BATTERIES  power  the  Brown-Duvel  Moisture  Tester,  made  by  Seed- 
buro  Equipment  Co.,  for  the  determination  of  moisture  content  in  grain.  And  in  thousands 
of  similar  industrial  applications  Burgess  Batteries  are  providing  the  power  for  electronic 
test  equipment.  Purchasing  agents  and  maintenance  engineers  know  they  can  get  a 
Burgess  Battery  for  every  need  from  their  local  Burgess  distributor.  For  information  on 
the  complete  line  of  dry  batteries  for  all  test  and  control  instruments,  write  for  the  name 
and  address  of  yonr  nearest  Burgess  distributor. 


ELECTRONIC  ENGINEERS  VOTEO  Burgess  Industrial  Batteries  first  choice  in  a recent  nation 
wide  survey  of  dry  battery  preferences!  If  you  need  a special  battery  for  a new  instrument 
or  a new  application  let  Burgess  engineers  solve  your  problem  with  the  correct  battery 
type.  Burgess  Battery  Company,  Freeport,  Illinois  y 


THE  JOB  AHEAD-JAPANI 

BURGESS 

BATTERIES 

VOTED  FIRST  BY  ENGINEERS 

IN  NATION-WIDE  INDUSTRIAL  BATTERY  SURVEY 


Recognized  as  the  MOST  COMPLETE  LINE  of  dry  batteries 


60  cycles  assuming  that  J2  = 200 
ohms.  There  are  available  three 
coils:  (1)  L = 0.4  henry,  r,  at  60 
cycles,  = 20  ohms;  (2)  and  (3)  L 
— 0.29  henry,  r,  at  60  cycles,  = 13 
ohms  each.  Using  the  first  coil  in 
the  lead  shifters,  we  find  that 


otL 


377  X 0.4 


= 0.754 


6ft  200 

Interpolating  in  Table  I we  ob- 
tain the  corresponding  values 

o = 0.744 
6 = 0.987 
c - 0.101 

whence 


i and 


b 

uR 


c ft 
6 


0.987 
: 377  X 200 


- 13.1s/ 


0.101  X 200 
0.987 


20  59 


The  addition  of  0.5  ohms  in  series 
with  the  20  ohms  of  the  coil  satis- 
fies this  calculated  value  of  r. 

The  second  and  third  coils  are 
to  be  used  for  the  lag  shifter. 


oil  377  X 0 295 


ft 


200 


0 5465 


Table  II — Parameters  and  efficiency  of  the 
lag  shifter 


a/b  o/e 


0.9 

0. 818 

0.014 

0.875 

37.00 

1.0 

0.566 

0.060 

0.558 

9.38 

1.1 

0.681 

0.110 

0.528 

5.28 

1.2 

0.600 

0.148 

0.600 

4.05 

1.3 

0.611 

0.188 

0.470 

3.25 

1.4 

0.619 

0.220 

0.441 

2.81 

1.8 

0.825 

0.250 

0.416 

2.50 

1.6 

0.629 

0.277 

0.393 

2.27 

1.7 

0.630 

0.301 

0.371 

2.09 

1.8 

0.631 

0.324 

0.351 

1.95 

1.9 

0.631 

0.345 

0.332 

1.83 

2.0 

0.631 

0.365 

0.315 

1.73 

c/b  H. 

0.0156  0* 
0 0800  0.878 
0.1000  0.M 

o.iNi  o.ns 

0.1446  0.680 
0.1671  O.Oi 
0.1686  0-588 

0.1731  0.640 
0.1770  0.612 
0.1600  0 « 
0.1816  0.4B 
0.1828  0.443 


Interpolating  in  Table  II  we  ob- 
tain the  corresponding  values 


a = 0.564 
b = 1.033 
c = 0.076 


and 


1/033 
377  X 200 


13  72 of 


eft  0 .076  X 200  _ ,,  7„ 

b 1.033 

The  addition  of  1.7  ohms  in  series 
with  the  13  ohms  of  the  coil  satis- 
fies this  last  value. 

Without  going  into  details  as 
outlined  in  the  previous  article,  it 
may  be  noted  that  the  voltage  rat- 
ing of  the  capacitor  should  be  at 
least  450  volts. 

Referring  again  to  the  tables  we 
see  that  the  = 0.837  and 
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3 REASONS 

why  mica-filled 

RESINOX  7934 

comes  through  under 
severest  operating  conditions 


That  rare  3-way  combination  of  Resinox  7934  properties  gives  unfail 
ing  insulation  to  vital  medium  and  high  frequency  apparatus  under 
the  severest  operating  conditions,  especially  extreme  humidity. 

Mica-filled  Resinox  7934,  based  on  a recently  developed  Monsanto 
phenol  formaldehyde  resin  is  available  now  for  molders  of  all  types 
of  war  essentialities.  Molders  have  found  that  Resinox  7934  offers 
6386  and  economy  in  molding,  far  superior  to  ordinary  mica-filled 
phenolics . . . also  that  it  is  suitable  for  both  transfer  and  com- 
pression molding. 

For  complete  information  and  technical  counsel  on  the  use  of 
this  product,  write,  wire  or  phone:  Monsanto  Chemical  Com- 
pany,  Plastics  Division,  Springfield  2,  Massachusetts. 
ttECTRONICS  — August  1945 


Ih«  broad  and  versatile  family  of  Monsanto  Plaitici 
includes  Lustron*  poiyityrenei  • Cere.*  hoof  reintanl 
thermoplastics  • Vinyl  acetals  • Nitron*  cellulose 
nitrates  • Fibostos*  cellulose  ocefales  • Resinox* 
phenolics  • Tholid*  for  impression  molding  • Resi- 
mene*  melamines  • Forms  In  which  they  are  supplied 
includes  Sheets  • Rods  • Tubes  e Molding  Com- 
pounds • Industrial  Resins  • Coating  Compound. 
Vuepak*  rigid,  transparent  packaging  materials. 

* Reg.  U.  S.  Pot.  OIF. 


Monsanto 

Plastics 

tHDUlISt.. .WHICH  *•■*» 
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THREE-PHASE  POWER 


Manross  tops  the  field  in  sensitive 
springs  for  instruments,  gauges, 
relays,  etc.  Materials  to  suit  your 
conditions  of  use — processed  to 
give  accurate,  long-lived  service. 
Sound  design— carefully  controlled 
production  in  any  quantity. 


MANROSS  L 


aitsyjtmchi 


v*t 


F.  N.  MANROSS  & SONS 

DIVISION  OF  ASSOCIATED  SPRING  CORPORATION 

BRISTOL,  CONNECTICUT 


(continued) 

Eff,„  = 0.852.  The  overall  effi- 
ciency of  power  conversion  from 
single  phase  to  three  phase  can  be 
shown  to  be 


total  1 + (1/Eff,„dl  + (1/El!  i«).  I 

which  in  this  case  gives  Eft,.,,,  = 
89  percent. 

The  required  current-carrying 
capacity  of  the  coils  can  be  calcu- 
lated from  these  efficiencies.  In 
this  case  the  coils  would  carry  ap- 
proximately 0.75  amperes. 

It  should  be  recalled  that  this 
analysis  assumes  a resistive,  linear 
load.  Possibly  the  most  frequent 
application  of  three  phase  at  60 
cycles  is  to  motors  where  the  load 
has  a reactive  component.  For 
optimum  design  in  this  application, 
it  is  necessary  to  compensate  each 
of  the  field  windings  for  its  induc- 
tive component  at  full  load.  The 
effect  of  the  shifter  on  the  pull-in 
and  pull-out  torques  as  compared 
with  operation  directly  from  a 
three-phase  line  awaits  experimen- 
tation. That  there  is  some  effect  is 
to  be  expected  because  the  start- 
ing load  differs  from  the  running 
load  in  both  effective  resistance  and 
reactance. 

This  method  of  producing  three- 
phase  power  from  a single-phase 
source  can  be  used  at  frequencies 
other  than  60  cycles ; it  is  stable  in 
operation  under  line-voltage  varia- 
tions or  amplitude  modulation  of 
the  input  voltage. 


• • • 

FILAMENT  STRESS 


Stresses  that  occur  in  the  turns  oi 
filament  are  removed  by  applyin9  a 
gas  flame  to  the  filament  while  being 
rotated  in  this  machine  at  the  Dobbs 
Ferry  plant  of  North  American  Philip* 
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PIONEER  MANUFACTURER  of  FM 
BROADCASTING  EQUIPMENT 
LEADS  AGAIN!! 


REL  announces  it  is  prepared  to  furnish  to  the  FM  broadcast  stations 
now  on  the  air,  power  converting  devices  applicable  to  transmitters 
of  any  manufacture,  which  will  furnish  one  or  three  kilowatts  output 
power  at  any  frequency  in  the  new  band  (88-  106  megacycles).  This 
device  enables  the  station  to  transmit  simultaneously,  in  addition  to 
its  old  frequency,  the  new  frequency  during  the  important  interim 
period  of  operation. 

This  device  requires  no  additional  monitoring  of  the  audio  program 
as  one  monitor  controlling  point  takes  care  of  both  frequencies. 

This  device  furnishes  you  with  a relatively  inexpensive  method  of 
operation  during  the  transition  period. 

Consult  us  immediately  for  prompt  delivery  of  your  order,  pending 
lifting  of  present  restrictions. 


PIONEER  MANUFACTURERS  OF  FM  TRANSMITTERS  EMPLOYING  ARMSTRONG  PHASE  SHIFT  MODULATION 


RADIO  ENGINEERING  LABS.,  INC. 

, N . Y. 
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NEWS  OF  THE  INDUSTRY 

Broadcast  prosperity;  JETEC  personnel;  survey  notes 
on  servicemen;  fundamental  research;  railroad  radio; 
meeting  scheduled;  Washington,  FCC,  business  news 

FCC  Places  F-M  in  88-106  Megacycle  Band 


On  June  27, 1945  the  Federal  Com- 
munications Commission  issued  re- 
port 83095  announcing  their  adop- 
tion of  alternative  No.  3,  with  cer- 
tain modifications,  for  the  much- 
discussed  band  between  42  and  108 
megacycles.  The  unexpectedly  early 
decision  was  made  because  of  the 
WPB  announcement  that  the  man- 
ufacture of  a-m,  f-m,  and  television 
transmitters  and  receivers  might 
commence  at  an  earlier  date  than 
was  originally  indicated.  The  chan- 
nel allocations  are  as  follows : 

Frtq.  Bond  PIboI  Proposed  Allocation 

42 — 44  me  Nongovernment  fixed  and  mobile 
44—  50  me  Television — Channel  No.  I 

50—  54  me  Amateur 

54 — 60  me  Television — Channel  No.  2 
60 — 66  me  Television — Channel  No.  3 
66—  72  me  Television— Channel  No.  4 

72—  76  me  Nongovernment  fixed  and  mobile 
76 — 82  me  Television — Channel  No.  5 
82—  88  me  Television— Channel  No.  6 
88 — 92  me  Noncommercial  educational  f-m 
92—106  me  F-m 
106 — 108  me  Facsimile 

This  allocation  is  essentially  the 
allocation  proposed  as  alternative 
No.  3 of  the  earlier  report,  except 
that  the  nongovernment  fixed  and 
mobile  services  have  been  moved 
from  104-108  me  to  72-76  me,  and 
f-m  and  television  have  been  ad- 
justed accordingly.  The  advantage 
of  this  change  is  that  it  makes  pos- 
sible immediately  the  use  of  all  13 
television  channels  below  300  me. 
Under  alternative  No.  3,  as  origi- 
nally proposed,  the  entire  6-me  tele- 
vision channel  between  72  and  78 
me  could  not  be  used  until  the  avi- 
ation markers  centering  on  75  me 
were  moved. 

The  nongovernment  fixed  and  mo- 
bile Services  are  not  under  the  same 
disability.  They  can  use  the  entire 
band  between  72  and  76  me  at  once 
with  the  exception  of  approximately 
0.5  me  in  the  vicinity  of  75  me  to 
protect  the  aviation  markers.  This 
shift  of  the  nongovernment  fixed 
and  mobile  services  from  104-108 
me  to  72-76  me  also  results  in  a pos- 
sible increase  in  the  number  of 
channels  available  to  these  services, 
since  a 40-kc  channel  is  adequate  in 
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the  72-76  me  portion  of  the  spec- 
trum, whereas  a 50-kc  channel  was 
proposed  in  the  104-108  me  region. 

The  FCC  will  move  with  all  pos- 
sible speed  to  revise  present  regula- 
tions and  standards  of  good  engi- 
neering practice  for  the  operation 
of  f-m,  television  and  facsimile 
broadcasting  in  the  new  allocations. 
As  soon  as  these  revised  rules  and 
standards  are  adopted  by  the  Com- 
mission, the  industry  will  have  all 
the  information  it  needs  from  a 
regulatory  standpoint  to  proceed 
with  the  planning  and  design  of 
new  receiving  sets  and  transmit- 
ters. 

When  manpower  and  materials 
again  become  available  and  condi- 
tions permit  the  resumption  of  nor- 
mal licensing  practices,  the  Com- 
mision  will  make  an  appropriate 
announcement  and  will  provide  a 
period  of  not  less  than  60  days  for 
the  filing  and  processing  of  new  ap- 
plications prior  to  taking  any  ac- 
tion on  the  420  f-m  and  119  televi- 
sion applications  now  in  its  pending 
files.  In  the  meantime,  the  Commis- 
sion’s staff  will  go  through  these  ap- 


plications and  call  for  whatever 
further  information  may  be  re-  | 
quired  due  to  the  change  in  bam 
In  the  majority  of  cases  there  will 
be  no  material  difference  in  the  dis- 
tances to  the  50  microvolt  per  meter 
contour  in  either  band. 

Chairman  Paul  A.  Porter  recom- 
mended that  f-m  receiver  manufac- 
turers build  sets  to  cover  the  entire 
band  from  88  to  108  me.  This  will 
make  possible  the  expansion  of  f-m 
in  the  event  facsimile  is  ultimately 
located  in  the  400-mc  region  and 
vacates  the  band  106-108  me.  Also, 
he  took  the  opportunity  to  point  out 
if  the  public  is  to  enjoy  the  full 
capabilities  of  f-m,  manufacturers 
must  build  receivers  which  will  re- 
ject undesired  signals  and  noise  up 
to  one  half  the  strength  of  the  de- 
sired program. 

Alternatives 

The  other  two  alternatives  for 
the  disputed  44-108  me  region, 
along  with  a tabulation  of  all  re- 
maining allocations  for  that  region 
of  the  radio  spectrum  above  25  me, 
are  given  in  the  July  1945  issue  of 
Electronics. 

In  the  FCC  hearings  there  was 
unanimity  that  alternative  No.  2 
< 68-86  me  for  f-m)  was  completely 
unfeasible. 

The  primary  objection  to  alterna- 
tive No.  1 was  the  amount  of  s 
wave  interference  which  will  re- 
sult among  f-m  stations  if  f-m  >s 
placed  in  the  50-68  me  region.  For 
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UHF  HARMONIC  FREQUENCY  GENERATOR 

PROVIDES  output  voltages  which  are  multiples  of 
10  or  40  megacycles  with  CRYSTAL-CONTROLLED 
accuracy. 

RECOMMENDED  FOR:  the  calibration  of  receivers, 
wavemeters,  or  using  internal  beat  detector  for  cali- 
bration of  oscillators  and  signal  generators. 

WRITE  FOR  FULL  DETAILS 


^^‘‘‘‘TTHF  precision 
— frequency  meter 

Completely  portable  Accuracy  0.1% 
Battery  or  AC-Operated 
Models  available  from  100  to  1500  meg- 
acycles with  2 to  1 frequency  coverage 
on  each  model.  Available  only  on 
high  priority. 
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MOTORS  for 
ELECTRONIC 
APPLICATIONS 


1/30  HP— 115  V.— 60  Cy.  — A.  C.  — 1 Ph.  1725  RPM.  C.  C.  Flange 
Mounting.  Ball  Bearing. 


Cut  shows  one  of  many  types  and  sizes  of  Ohio  Motors 
designed  for  driving  Electronic  Devices. 

RANGE 


1/100  lo  i HP.— A.C. 

1/100  to  1 HP.— D.C. 

1/100  lo  Vi  HP. — A.C.  Synchronous. 

1 lo  100  os.  it.  A.C.  Torque. 

Shell  type  motors  tor  built-in  applications  to  4 HP.— D.C.  and  to  7 Vi  HP 
— A.C. 

All  usual  voltages  and  cycles. 

What  is  your  problem? 


the  o ho  electric  MANUFACTURING  CO. 

5908  Maurice  Avenue  Cleveland  4,  Ohio 
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example,  interference  among  50-kw 
f-m  stations  at  58  me  from  spo- 
radic E transmissions  alone,  assum- 
ing a 10:1  ratio  of  desired  to  un- 
desired  signal  and  full  occupancy 
of  the  channel,  might  be  expected 
for  140  to  480  hours  per  year  at  the 
50-microvolt  contour  from  stations 
900  and  1000  miles  distant,  respec- 
tively. At  84  me,  in  contrast,  inter- 
ference under  these  conditions 
would  be  anticipated  for  only  6.5  to 
25.5  hours  per  year.  It  should  be 
noted  that  the  140-480  hours  per 
year  of  anticipated’  interference 
would  not  be  spread  out  evenly 
throughout  the  entire  year,  but 
would  be  concentrated  in  two  or 
three  summer  months. 

In  addition,  interference  from  A 
transmission  at  53  me  may  be  an- 
ticipated for  as  many  as  470  hours 
per  sunspot  cycle,  concentrated  in 
a period  of  three  years  in  the  case 
of  a suspot  cycle  the  same  as  the 
last  one,  or  interference  may  exist 
for  as  much  as  2,650  hours  per  sun- 
spot cycle  if  the  next  sunspot  cycle 
is  as  severe  as  the  highest  on  rec- 
ord. These  figures  assume  only  two 
stations  on  a channel;  more  than 
two  would  double  or  treble  the  num- 
ber of  hours  during  which  F,  in- 
terference would  be  expected  at  53 
me. 


Practical  Conditions  I 

These  interference  figures  mean,  1 
for  example,  that  a listener  tuned  I 
to  a station  which  is  carrying  the 
program  of  his  choice  may  sud- 
denly find  either  that  the  program 
to  which  he  has  been  listening  is 
being  interfered  with  by  a station 
hundreds  or  even  thousands  o 
miles  away,  or  else  that  control  of 
his  receiver  has  been  seized  alto- 
gether by  a distant  station,  com- 
pletely obliterating  the  desired 
programs  despite  anything  he  does 
to  the  tuning  controls. 

It  has  been  argued  that  the  built 
of  the  interference  anticipated  w 
be  found  in  outlying  rural  areas 
which  rely  upon  low-intensity  sig- 
nals for  their  radio  reception  an 
that  if  these  areas  be  excluded,  f-® 
service  will  be  more  than  99-Per 
cent  perfect.  The  Commission, 
however,  is  under  a statutory  du  .' 
to  make  available  to  all  the  peope 
of  the  United  States  an  efficient  na- 
tionwide radio  service.  The  Com 
mission’s  duty  is  not  fulfilled  if 1 
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for  quantity  deliveries  of 
"controlled  performance" 

LOUD  SPEAKERS 


Thirty  now  BEST  speakers, 
incorporating  every  advance  in 
speaker  design,  achieve  higher 
efficiency  at  lower  cost 
through  the  use  of  ALNtCO  5 
permanent  magnets. 


A dependable  source  of  supply  for 
quality  loud  speakers  need  not  be  a 
problem.  We  at  BEST  are  aware  of 
the  continuing  urgency  of  keeping  your 
production  lines  rolling.  Our  facilities 
are  complete  for  the  manufacture  of 
precision  coils,  transformers  and  loud 
speakers,  which  have  flowed  from  this 

plant  in  increasing  quantity  for 
almost  a quarter  of  a century. 
Whether  your  problem  be  one  of  design 
or  quantity  production,  rely  on 
BEST  to  deliver  the  goods  on  time! 


We  invite  your  inquiry 


BEST  MANUFACTURING  CO.,  INC 
‘,NtM’ss  1200  GROVE  STREET  • IRVIK6T0H  11,  A.  J. 

f'PWt  Division:  25  Warren  St..  Mew  York  17,  N.  Y.  Cable  Addr«t:  Simontrlc, . N.  Y.  All  Codes 

10n'CS-a,9„„ 


“FRAHM”  Frequency  Meters 


What  are  your  Frequency  Measuring  Requirements 


.25...60...100...400 1400  cps? 

Frahm  Frequency  Meters  in  switchboard,  miniature 
and  portable  types  are  regularly  available  for  ranges 
between  15  and  500  cycles  per  second. 

To  meet  Bpecial  requirements,  our  laboratory  has 
designed  and  built  instruments  for  measuring  fre- 
quencies as  high  as  1400  cycles.  Such,  we  find,  is  pos- 
sible by  means  of  the  same  simple  and  direct  resonant 
reed  principle,  usually  requiring  less  than  0.1  volt- 
ampere  power  input,  and  without  recourse  to  inter 
mediate  frequency  conversion  equipment.  We  believe 
that  even  higher  frequencies  are  possible. 

^ e invite  correspondence  regarding  any  frequency 
measurement  problem  in  the  audio  and  Bub-audio 
range.  For  its  solution  we  profTer  our  instruments,  our 
services  and  facilities.  In  our  30  years  of  association 
with  the  resonant  reed  principle  as  applied  to  the 
measurement  of  frequency,  we  have  been  instrumental 
in  the  solution  of  a surprising  variety  of  problems. 
Write  for  Bulletin  177 0-E  nowin  preparation. 


s 

This  instrument  was  deieloped 
for  direct  indication  of  fre- 
quencies in  the  lower  audio 
range  and  for  simultaneous 
direct  indication  of  harmonic 
components.  Called  a Har- 
monic Analyzer , it  has  un- 
usual electrical  characteristics 
and  a wide  range , with  a total 
of  288  reeds. 

V 


JAMES  G.  BIDDLE  CO.  SKjSfflVJ-E 


provision  for  f-m  service  is  such  as 
to  make  it  impossible  for  rural  I 
areas  to  enjoy  satisfactory  service. 

Various  objections  to  assigning 
the  higher  frequencies  to  f-m  have 
been  raised.  For  example,  it  has  | 
been  alleged  that  tropospheric  in- 
terference may  be  worse  in  the  vi- 
cinity of  100  me  than  in  the  50-me 
region.  The  Commission  in  its  re- 
port of  May  25,  1945,  specifically 
pointed  out  that  there  would  be 
some  difference  in  tropospheric 
propagation,  but  this  difference 
would  be  only  slight  and  that 
tropospheric  interference  at  the 
higher  frequencies  could  be  elimin- 
ated by  slightly  increasing  the  geo- 
graphical separation  between  sta- 
tions. 

Cost 

The  point  has  also  been  made  that 
equipment  for  use  in  the  vicinity  of 
100  me  will  cost  more  than  equip- 
ment for  use  in  the  vicinity  of  60 
me.  This  will  no  doubt  be  true  at 
least  temporarily,  but  competition 
should  reduce  the  differential  sub- 
stantially, and  the  Commission  be- 
lieves the  benefit  to  the  public  re- 
sulting from  an  interference-free 
service  will  more  than  outweigh  the 
slight  increase  in  initial  cost  for 
service  in  the  100-mc  region. 

Much  emphasis  was  placed  at  one 
time  on  the  presumed  hardship 
which  would  result  to  the  approxi- 
mately 400,000  persons  who  had 
purchased  f-m  receivers  before  the 
war.  Most  of  these  receivers  are 
combination  a-m/f-m  and  the  a-m 
part  of  the  receiver  will  continue  to 
be  used.  There  is  now  substantial 


At  the  right  a photographer  tain* 
directly  from  the  cathode-ray  sere®0 
record  of  the  characteristic  cutt®  o 
electron  tube  being  tested  at  th®  ® ' 
Equipment,  developed  by  engine®18  ® 
Sylvania  Electric  Products  Inc.,  sp® 
to  designers  in  a matter  of  minutes 
vital  information  which  would  require 
many  man-hours  if  done  by  convex 
tional  methods 
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EASTERN  AMPLIFIER  CORPORATION,  Dept.  g-P 
794  East  140th  St.,  New  York  54,  N.  Y. 


We  are  □ JOBBERS,  □ DEALERS,  □ A SERVICE  ORGANIZATION,  □ SOI 
SPECIALISTS.  Were  definitely  interested  in  your  post-war  line,  your  policy,  - 
proposition.  Mail  us  complete  information,  without  obligation. 


, • . 

tor  complete  information  on 
post-war  line  and  the 


COMPANY  NAME 


our  proposition 


INDIVIDUAL  TITLE 


-4N; 


Yes...the  “Lab  work  is  Complete! 


|\UR  post-war  plans,  policies  and  perfected 
line  of  Eastern  sound  equipment  have  long 


wartime  techniques  which  we  have  been  building 
into  quality  units  for  Uncle  Sam. 

For  details  and  information  please  fill  out  and 
mail  the  Coupon  today.  Eastern  Amplifier 
Corporation,  794  East  1 10th  Street,  New  York 


ago  passed  the  stage  of  draft-board  design  and 
laboratory  tests!  We’re  "in  the  groove  ”— ready  to 
go!  Based  on  our  many  years  of  experience,  the 


new  Eastern  equipment  incorporates  the  many 


54,  New  York. 


agreement  that  the  42-50  me  band 
for  which  these  receivers  were 
made  is  wholly  inadequate  and  un- 
suited to  f-m  reception.  Accord- 
ingly, no  one  today  argues  that 
postwar  f-m  should  be  degraded  to 
the  point  necessary  to  accommodate 
these  receivers.  However,  interim 
operation  in  the  present  band  from 
42  to  44  me  is  being  provided  until 
such  time  as  equipment  for  the 
higher  frequencies  is  freely  avail- 
able to  the  public  and  until  owners 
of  existing  receivers  have  had  equal 
opportunity  to  adapt  or  convert 
them  to  the  new  band.  In  this  con- 
nection, a converter  was  demon- 
strated to  the  Commission  which 
would  make  existing  f-m  receivers 
capable  of  tuning  to  the  higher  fre- 
quencies and  which  should  retail 
for  approximately  $10.00. 
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Bretton  Woods  & 

Good  Business 

Headed  by  Ralph  E.  Flanders  of 
Jones  and  Lamson  Machine  Co„  a 
so-called  Business  and  Industry 
Committee  for  Bretton  Woods  is 
supporting  those  agreements  as  a 
basis  for  postwar  prosperity 
through  international  trade.  One 
of  a special  series  of  reports  issued 
by  the  committee  deals  with  the  ef 
feet  of  Bretton  Woods  on  the  elec 
tronics  industry.  Copies  can  be  ob 
tained  from  the  committee  head 
quarters  in  the  Roosevelt  Hote 
New  York  17,  N.  Y. 


Electronics  in  a Saxophone 
Factory 

Vacuum  tube  applications  involv- 
ing a number  of  different  factory 
operations  at  the  plant  of  C.  G. 
Conn  Ltd.  were  recently  described 
by  director  of  engineering  research 
E.  L.  Kent  at  a Cedar  Rapids,  Iowa, 
section  meeting  of  IRE. 

Summarized,  the  uses  included- 
a smoke  alarm  control  system 
which  used  a phototube  to  reduce 
the  bias  on  a blocking  oscillator  and 
allow  a tone  to  be  heard  which  rose 
in  pitch  as  the  smoke  intensified,  a 
dynamic  balancing  unit  for  gy’r0 
rotors  which  utilized  an  electronic 
wattmeter  with  a reference  signal 
from  a phototube  applied  to  one 
section  while  the  vibration  signal 
entered  the  other  input  terminals, 
a device  for  measuring  speed  of 


THE  NEW  BRUSH 
ROUGH-FINISH  MEASURING 
PICKUP  AND  DRIVE  HEAD 

A perfect  complement  for  the  Brush  Surface 
Analyzer  is  the  new  Rough-Finish  Measuring 
Head.  Developed  to  meet  the  growing  need 
for  the  checking  of  rougher  surface  finishes 
and  waviness,  it  accurately  measures  irregu- 
larities from  100  to  3,000  microinches, 
peak  to  valley. 

This  new  Pickup  (Model  BL-101)  and  Drive 
Head  (Model  BL-102),  when  used  with  the 
Brush  Surface  Analyzer,  extend  its  usefulness 
and  range  of  measurement  from  1 to  3,000 
microinches. 

Write  today  for  descriptive  literature 
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THE  BRUSH  DEVELOPMENT  COMPANY 


HAROLD  E.  EDGERTON 


Antennas  play  a highly  important  part  in  Radar  as  well  as  communica- 
tions. Like  the  bat’s  ear,  they  should  be  designed  to  fit  the  needs  of  a 
particular  situation.  We  at  the  Workshop  have  been  manufacturing 
antennas  to  meet  the  most  exacting  electrical  and  mechanical  specifica- 
tions. Our  facilities  include  electronic  test  equipment  for  measuring 
antenna  gain,  pattern,  and  impedance,  enabling  us  to  fill  nearly  any 
antenna  need. 

If  you  have  an  antenna  problem  in  the  very  high,  ultra  high,  or  micro- 
wave frequencies,  whether  it  be  for  war  today,  or  peace  tomorrow, 

IroP  us  a line  — we  are  anxious  to  serve  you. 
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The  WORKSHOP 
ASSOCIATES 

FOR  thi  iuctronic  industry 

NEEDHAM  STREET  • NEWTON  HIGHLANDS  61.  MASS 
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For  mare  than  10  years 

we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe- 
cialists as  well.  Consult  us  on  your  “crystal 
problems”. 

☆ 

PETERSEN  RADIO  CO. 

Council  Bluffs,  Iowa 

CKrSTALS  EXCLUSIVELY  SINCE  1934 


see  them,  yet— 


"PERFECT  IN  EVERY  DETAIL" 


Invaluable  in  the  field  of  electronics,  radio  and  fine  instruments 
are  these  "UNBRAKO”  SOCKET  SET  SCREWS— now  made  in 
such  extremely  small  sizes  that  you  can  hardly  see  them. 

The  knurled  cup-point  of  this  unique  ’’UNBRAKO"  Socket  Set 
Screw  digs  in,  holds  tight— makes  it  a Sell-Locker.  Vibration  posi- 
tively will  not  loosen  it,  yet  it  is  easily  removed  with  a wrench 
and  may  be  used  over  and  over  again. 

Sizes  from  #0  to  1"  diameter — all  commercial  lengths. 

Where  the  Knurled  Cup  Point  "Unbrako”  cannot  be  used,  use 
our  Knurled  Thread  "Unbrako” — also  a Self-Locker  regardless  of 
the  style  of  point. 

Write  for  the  Catalog  of  "Unbrako"  Socket  Screw  Products. 


Knurling  of  Socket 
Screws  originated 
with  "Unbrako" 
years  ago. 


STANDARD  PRESSED  STEEL  CO 

JENKINTOWN,  PA.  BOX  596 

Branches:  Boston  • Detroit  • Indianapolis  • Chicago  e St.  Louis 

OVKR  40  YEARS  IN  BUSINESS 


• San  Franc'sco 


superchargers,  which  accommo- 
dated magnetic,  electrostatic  or 
photoelectric  pickups  with  fre- 
quency dividers  which  were  used 
to  drive  a synchronous  motor 
powering  the  final  Kollsman  tach- 
ometer; a unit  to  determine  the 
bearing  loading  in  gyro  flight  in- 
struments which  measured  the 
speed  of  the  rotor,  its  negative 
acceleration  when  coasting,  and 
vibration  when  rotating  at  high 
speed ; and  a chromatic  strobo- 
scope which  measured  speed  or  fre- 
quency of  various  pieces  of  equip- 
ment, by  converting  the  alternating 
quantity  to  be  measured  into  an 
audio  signal  which  was  fed  to  a dis- 
charge tube  producing  flashes  of 
light  to  illuminate  a series  of 
stroboscopic  disks  rotating  at  vari- 
ous speeds. 


The  Broadcast  Business 

Final  figures  from  FCC  show  that 
the  836  standard  broadcast  stations 
reporting  had  a 1944  income  of 
368,888,110;  47  percent  above  1943 
and  126  percent  over  1942.  Average 
income  per  station  rose  from  $36,- 
488  in  1942  to  $66,948  in  1943  to 
$82,402  in  1944.  j 

In  the  power  category  from  1 to 
2J  kw,  137  commercial  broadcast 
stations  of  the  nation’s  162  had  net 
time  sales  for  1944  which  were  41 
percent  above  1943.  All  but  two  re- 
ported increases.  In  the  bracket 
between  6 and  20  kw,  191  of  the 
nation’s  225  standard  broadcast  sta- 
tions netted  an  increase  of  28  per- 
cent, with  increases  by  all.  For  383 
of  the  446  standard  broadcast  sta- 
tions operating  between  200  and 
600  watts  of  power,  the  increase 
was  40  percent  over  corresponding 
figures  the  year  before. 

JETEC  Chairmen 

Preliminary  organization  of  the 
Joint  Electron  Tube  Engineering 
Council,  cooperatively  sponsored  by 
RMA  and  NEMA,  results  in  ap- 
pointment of  the  following  commit- 
tee chairmen:  pool  tubes,  D.  E. 
Marshall  Westinghouse  Electric; 
high-vacuum  power  tubes,  K.  C. 
DeWalt,  General  Electric;  cathode- 
ray  tubes,  Irving  Lempert,  Allen  B. 

Du  Mont  Laboratories ; vacuum 
sealed  devices,  M.  A.  Acheson,  Syl- 
vania  Electric  Products;  receiving 
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FOR  ALL  PROBLEMS  OF  RECONVERSION 


Utilities,  manufacturers  and  maintenance 
contractors  will  find,  within  the  broad 
Weston  line,  instruments  specifically 
suited  to  all  problems  of  electrical  recon- 
version . . . whether  they  involve  quick 
repairs,  rewiring  for  heavier  loads,  reloca- 
tion of  equipment,  new  testing  stands  or 


laboratory  installations,  improved  light- 
ing, as  well  as  for  all  electrical  and  elec- 
tronic maintenance  needs.  Literature,  or 
engineering  cooperation  on  any  instrument 
problem,  is  freely  offered.  Weston 
Electrical  Instrument  Corporation,  618 
Frelinghuysen  Avenue,  Newark  5,  N.  J. 


?2 


(MODEL  785)  INDUSTRIAL  CIRCUIT  TESTER 
. . . the  most  versotile  portable  tester  for 
laboratories,  and  plant  maintenance, 
where  an  ultra-sensitive  instrument  is  re- 
quired. Provides  27  AC  and  DC  voltage. 
AC  and  DC  current,  and  resistance  ranges, 
(dc  sensitivity  20,000  ohms  per  volt.) 


(MODEL  796)  INSULATION  TESTER  . . . 
a direct-reading  self-contained  resis- 
tance tester  that  eliminates  hand 
cranking.  Tests  up  to  200  megohms  at 
test  potential  of  350  to  500  volts  dc., 
current  at  terminals  only  a few  micro- 
amperes. Ranges  0-20-200  megohms, 
full  scale  . . . 0-.5-5  center  scale. 


(MODEL  697)  VOLT-OHM-MILLIAM- 
METER 

. . . combines  a selection  of  AC  and 
DC  voltage,  direct  current,  and  re- 
sistance ranges  in  a pocket-size 
meter.  Ideal  for  maintenance  testing 
and  inspection  needs. 


(MODEL  633)  AC  CLAMP  AMMETER 
. . . for  quick,  easy  current  measure- 
ments on  insulated  or  non-insulated 
conductors.  The  clamping  jaws  are 
simply  clamped  around  the  con- 
ductor, and  readings  taken.  Circuits 
are  never  disturbed.  A real  time 
saver  in  electrical  maintenance. 


(MODEL  703)  SIGHT  METER 
. . . direct-reading,  pocket  size 
meter  calibrated  to  measure 
light  values  in  foot-candles, 
or  by  seeing  tasks.  Equipped 
with  the  WESTON  VISCOR* 
filter,  it  measures  all  light 
values  direct,  without  correc- 
tion factors. 


PANEL  AND  SWITCHBOARD  IN- 
STRUMENTS . . . available  for  all 
AC  and  DC  requirements,  in  all 
types,  sizes  and  ranges.  The  com- 
plete line  is  fully  described  in  the 
WESTON  Panel  Instrument  bulletin. 
Send  for  your  copy. 


(MODEL  430)  AC  AND  DC  TEST  IN- 
STRUMENTS . . . combine  depend- 
ability, ruggedness,  compactness 
and  scale  readability.  Equipped  with 
hand  calibrated,  mirror  scales 
Available  for  AC  and  DC  require- 
ments, and  as  DC  and  single-phase 
AC  Wattmeters. 
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Follansbee 


electrical  sheets 


and  strip 

for  every  requirement 


Ml 


FOR  YOUR  DESIGNERS 


3U- 


—Silicon  steels  which  possess 
the  precise  magnetic  character- 
istics desired  for  specific  electri- 
cal and  electronic  applications. 


FOR  YOUR  PRODUCTION  MEN 


—Electrical  Sheets  or  Strip  which 
meet  high  standards  of  punching 
quality,  surface  finish,  gauge  and 
space  factor. 


K © 


FOR  YOUR  CUSTOMERS 


tubes,  A.  K.  Wright,  Tung-Sol 
Lamp  Works;  phototubes,  A M. 
Glover,  RCA,  Lancaster;  gas  tubes, 
S.  B.  Ingram,  Bell  Telephone  Labs.; 
type  designations,  R.  S.  Buro&p, 
RCA;  mechanical  standardisation, 
E.  F.  Peterson  General  Electric; 
packaging,  R.  S.  Bolan,  Raytheon 
Mfg. ; and  sampling  procedure,  S. 
W.  Horrocks,  RCA,  Lancaster. 
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Drafting  Standards 


At  the  request  of  WPB,  the  Amer- 
ican Standards  Association  (ASA) 
is  working  on  a series  of  American 
War  standards  for  drawing  and 
drafting  room  practice.  The  ob- 
jective is  to  correlate  techniques  of 
the  Army  and  Navy  with  those  of 
industry  and  should  result  in  great 
economies.  One  large  company  re- 
ports that  it  has  more  than  a dozen 
engineers  presently  working  on  the 
complicated  problem  of  setting  up 
drafting  standards  between  subcon- 
tractors and  divisions  of  its  own 
organization. 

Scope  of  the  work  will  include 
civil,  mechanical,  electrical,  areo- 
nautical,  and  marine  engineering 
and  will  cover  abbreviations; 
methods  of  indicating  and  specify- 
ing threads;  methods  of  lettering; 
forms  and  sizes  of  drawings; 
graphical,  diagrammatic,  and  sche- 
matic symbols;  methods  of  indicat- 
] ing  and  specifying  materials  and 
finishes;  methods  of  dimensioning 
; numbering,  and  indicating  toler- 


— Silicon  steels  which  function 
properly,  which  lend  themselves 
to  smooth  production,  make  an 
important  contribution  to  your 
manufacture  of  products  that 
perform  as  designed . . . and  which 
thus  win  the  favor  of  customers. 


Ersatz  Activities 


★ When  placing  your  next  order  for  Electrical  Sheets 
or  Strip,  check  with  Follansbee  ...for  years  a leader  in  this  field. 


FOLLANSBEE  STEEL  CORPORATION 


Many  strategic  materials  have 
been  supplanted  by  substitutes  de- 
vised and  developed  by  the  U.  S. 
Army  Signal  Corps,  according  to  a 
recent  announcement.  Some  of 
these  include:  low  grade  mica  for 
low  voltage  capacitors,  plastic  in- 
sulation for  wires,  magnesium  for 
chassis  and  antenna  masts,  p'88' 
ticized  ceramics  as  a mica  substi 
tute  in  capacitors,  glass  for  insu- 
lators, rubber  substitutes  for  vibra- 
tion isolators,  and  meteorologies 

balloons. 


GENERAL  OFFICES  * PITTSBURGH  30.  FA. 

Salts  Offsets—  New  York.  Philadelphia,  Rochester.  Cleveland.  Detroit 
Milwaukee.  Salts  A gents — Chicago,  Indianapolis,  St.  Louis,  Kansas  City 
Nashville.  Houston,  Los  Angeles,  San  Francisco.  Seattle;  Toronto  and 
Montreal.  Canada.  Plants—  Follansbee,  W.  Va.  and  Toronto,  Ohio 


Chile  Station 

Station  CB114,  shortly  to  go  on 


alloy  blooms  a billets,  sheets  a strip  • cold  rolled  carbon  sheets  a strip 

__  POLISHED  BLUE  SHEETS  • ELECTRICAL  SHEETS  B STRIP  . SEAMLESS  TERNE  ROLL  ROOFING 


the  air  with  the  Andes'  as  a back 
drop,  will  be  the  first  long-wave 
broadcast  station  to  reach  throug  - 
out  the  curving  2600-ftii.  length  o 
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Avoid  Moisture  Damage 
in  Over-Seas  Packages 


Simply  pul  a few  small  bags  at  Jay  Cee 
Silica  Gel,  like  the  ones  above,  inside  your 
container  . . . wrap  or  seal  tightly  . . . and 
ship  over-seas  without  fear  of  damage  from 
in-the-package"  moisture.  Jay  Cee  Silica 
Gel  is  an  ideal  drying  agent  . . . has  amai- 
power  to  absorb  atmospheric  moisture. 
Thus  the  air  inside  of  containers  is  kept 
absolutely  dry  and  delicate  metal  parts  are 
Protected  from  rust  and  corrosion. 

Jay  Cee  Silica  Gel  is  also  used  in  pack- 


ages of  foods,  fabrics,  chemicals,  and  other 
products.  Moreover,  it  has  wide  application 
in  the  air  conditioning,  refrigeration,  and 
chemical  industries.  Jay  Cee  Silica  Gel  is 
clear  white;  passes  a rigid  section  test;  meets 
exacting  Government  specifications;  is  strict- 
ly a quality  product. 

JOBBERS  WANTED  — There  are  excellent 
opportunities  for  jobbers  to  build  profitable 
business  on  Jay  Cee  Silica  Gel  in  a few 
territories.  Write  for  details. 


•KHIIT  CHEMICALS,  LTD.,  INDUSTRY  AVENUE,  JOLIET,  ILLINOIS 


SILICA  GEL 
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No.  71100.  Push  button  single 
pole  normally  open.  Rating  — 
60  watts.  Mounting  — threaded 
bushing. 


No.  71500.  Rotary  type  single 
pole  with  10  ohm  variable 
series  resistor.  Screw  mounting. 


No.  71510.  Push-pull  type  sin- 
gle pole  single  throw.  Rating  — 
30  watts.  Mounting  — threaded 
bushing. 


Here  is  a representative  group  of  the  extensive  line  of  R-B-M  electric 
control  accessories . . . push  button,  rotary,  and  toggle  switches;  slow 

make-and-break  contacts now-  available  for  general  purpose  low- 

voltage  applications.  Maximum  rating,  32  volts,  A.  C.  and  D.  C.  For 
complete  specifications,  write  Department  A-8 


R-B-M  Manufacturing  Company 

D i v i s i o n o f 

Ess e x Wire  Corfu u a t i on 

Logansport,  Indiana 


MANUAL  AND  MAGNETIC  ELECTRIC  CONTROLS FOR 

AUTOMOTIVE.  INDUSTRIAL.  COMMUNICATION  AND  ELECTRONIC  USE 


Chile  from  Arica  to  Punta  Arenas. 

Designed  to  operate  with  50  kw 
of  power,  the  station  was  planned 
and  built  by  Corporation  de  Radio 
de  Chile,  manufacturing  subsidiary 
of  RCA  in  Santiago. 

Coverage  is  possible  through  the 
use  of  a special-type  directional  an- 
tenna and  an  elaborate  ground  sys- 
tem which  act  in  concert  to  produce 
an  unmodulated  carrier  power  of 
almost  140  kw  to  the  north  and 
south.  Frequency,  as  signified  by 
the  figures  in  its  call  letters,  is  1140 
kc.  Seven  miles  from  downtown 
Santiago,  the  transmitter  is  fed 
from  studios  in  the  city  itself. 


Electronic  Education 


A $5  MILLION  program  for  a Com- 
munications Institute  of  Arts  and 
Sciences  has  been  approved  by  the 
Trustees  of  Western  Reserve  Uni- 
versity. To  be  located  in  Cleveland, 
Ohio,  the  building  has  already  been 
designed.  Costing  $2  million  it  will 
cover  almost  an  acre  of  ground,  be 
three  stories  high,  and  be  on  a more 
elaborate  scale  than  any  theater  in 
existence. 

Big- Voice  Anniversary 

The  year  1945  marks  the  30th  an- 
niversary of  the  electro-dynamic 
loudspeaker  and  the  public  address 
system  both  devised  by  Edward  S. 
Pridham  and  P.  L.  Jensen,  a couple 
of  engineers  working  on  a new 
wireless  system.  It  was  by  accident 
that  a special  model  of  a wire  gal- 
vanometer they  were  working  on 
turned  into  a moving-coil  telephone 
receiver-,  and  another  chance  ex- 
periment performed  by  adding  to 
this  unit  the  horn  from  an  Edison 
phonograph  produced  the  first  loud- 
speaker — immediately  christened 
Magnavox  as  the  basis  for  the  pres- 
ent company  of  the  same  name.  This 
first  unit  transmitted  music  and 
speech  heard  41  miles  away. 

Service  Orchids 
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By  and  large,  according  to  a re-  - 
cent  survey,  the  radio  repairmen  o 
the  country  have  been  doing  a good 
job. 

Executed  for  Sylvania  Electric 
Products,  the  investigation  re- 
vealed that  there  are  approximately 
24,700  radio  service  establishments 
in  the  United  States,  employing  60,- 
000  people  with  specialized  skills. 
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NATIONAL  RECEIVERS  ARE  THE  EARS  OF  THE  FLEET 


HRO 


NATIONAL  COMPANY 


NC-200 


MALDEN 


"‘tionai  receivers  are  in  service  throughout  the  world 

«owcs- Au,.* 

, Google 


Digitized  by  ’ 


Covers  resistance  range 
of  1 ohm  to  999,999  ohms. 

★ 

Each  decade  dissipates 
up  to  225  watts.  Green- 
ohms  (wire-wound  cem- 
ent-coated power  resis- 
tors) used  throughout. 
Glass-insulated  wiring. 


Six  decade  switches  on 
sloping  panel. 


Maximum  current  per 
decade:  5,  1.5,  .5,  .15,  .05 
and  .005  amp. 

★ 

Attractive  frosted-gray- 
metal  case.  Etched  black- 
and-aluminum  panel. 
Dual  binding  posts  for 
left-  and  right-hand  duty. 


★ This  Clarostat  Power  Resistor 
Decade  Box  is  definitely  in  a class  by 
itself.  There's  nothing  else  just  like 
it. 


Here  is  a power  resistor  decade 
box.  That  means  the  introduction 
of  the  correct  resistance  value  into 
any  circuit  or  for  any  application,  for 
use  under  actual  working  condi- 
tions, at  the  mere  twist  of  the  knobs. 
The  resistance  providing  the  correct 
operating  conditions  is  then  read  di- 
rectly off  the  dials. 


Grille  at  bottom,  and 
louvres  at  side  for  ade- 
quate ventilation.  Baffle 
plate  protects  switch 
mechanism  against  in- 
ternal heat. 


No  calculations  required.  No 
guesswork.  No  time-consuming  rou- 
tine. The  Clarostat  Power  Resistor 
Decade  Box  pays  for  itself  in  short 
order. 


13"  long,  8I/2 " deep,  5%" 
high.  Weight,  11  lbs. 


★ Literature  on  request. 
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capable  in  over  90  percent  of  the 
cases  of  modifying  circuits  due  to 
wartime  scarcities.  Nine  out  of  ten 
changes  were  reported  to  be  suc- 
cessful. 

Specifically,  it  was  discovered 
that  about  40  percent  of  all  radio 
repairs  can  be  made  with  either 
tubes  alone,  with  mechanical  or 
electrical  parts  alone,  or  labor 
alone ; 3G  percent  requiring  two  of 
these  factors;  17  percent  requir- 
ing three,  and  only  7 percent  re- 
quiring four.  Stated  in  other 
words,  52  percent  of  all  repair  jobs 
require  tubes,  63  percent  require 
electrical  parts,  and  31  percent  re- 
quire mechanical  parts. 

Servicemen  contacted  pointed  out 
that  sets  failed  through  the  fault 
of  seven  specific  components  in  this 
order ; tubes,  capacitors,  power  sup- 
plies, tuning  systems,  i-f  coils,  r-f 
coils  and  filters.  Interestingly 
enough,  although  tubes  led  the  list, 
humidity,  which  does  not  affect 
them  seriously,  was  cited  as  a ma- 
jor cause  for  radio  servicing  in  an 
average  of  44  percent  of  sets  need- 
ing attention.  Regional  variations 
in  the  importance  of  humidity  ran 
as  follows:  Pacific  States  22  per- 
cent; East  North  Central  States, 

28  percent;  South  Atlantic  States  ^ 
61  percent,  and  Gulf  States  67  per- 
cent. 

Prewar,  radio  repair  outlets  sold 
30  million  tubes  annually,  but  most 
of  the  servicemen  feel  there  were 
too  many  types  required  and  for  ^ 
this  problem  they  blame  the  set 
manufacturers.  While  54  percent  a 
of  all  servicemen  stock  250  tube  - 
types,  38  percent  stock  300,  and  20 
percent  stock  at  least  400;  94  pei- 


Department  store  executives  irom  major 
stores  oi  the  Gimbel  Brothers  chain 
watch  camera  scenes  on  the  monitor 
board  at  General  Electric's  television 
station  WRGB.  The  store  people  were 
inspecting  facilities  with  an  eye  to 
training  of  sales  personnel  and  tor 
employee  entertainment  as  well  as  or 
use  as  an  advertising  medium 
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.COMPARE  GRAPHITE’S  COEFFICIENT  OF  EXPANSION! 


The  coefficient  of  expansion  of  "National 
High  Purity  Graphite  is  approximately 
one  half  that  of  the  next  best  electronic-tube 
anode  materials.  This  coefficient  is  virtually 
constant  up  through  temperatures  far  in 
excess  of  a tube’s  peak  operating  range. 

The  relatively  low  coefficient  of  expan- 
sion of  "National”  graphite  anodes  assures 
greater  stability  of  form  at  maximum  tube 
temperatures. 

Furthermore,  because  graphite  anodes 
carry  off  heat  rapidly,  other  tube  compo- 
nents are  far  less  apt  to  warp  or  change 


their  positional  relationship.  And  the 
anodes  themselves,  even  when  of  large  area, 
are  safe  from  local  overheating. 

The  newest  grades  of  "National  Elec- 
tronic Graphite  possess  much  greater 
strength,  finer  grain  structure,  smoother 
machined  or  machinable  surfaces,  in  addi- 
tion to  greatly  increased  erosion  resistance. 

We  welcome  the  opportunity  to  discuss 
with  engineers  and  manufacturers  the  many 
advantages  of  "National  Electronic 
Graphite  for  both  small  and  large  tube 
components. 


The  word  "National”  is  a registered  trade-mark  of 
National  Carbon  Company,  Inc. 

Gt's  get  the  Jap— and  get  it  over! 

*Br  UNITED  STATES  WAIT  BONDS  * 


NATIONAL  CARBON  COMPANY,  INC. 

Unit  of  Union  Carbide  and  Carbon  Corporation 

tnn 

General  Offices:  30  East  42nd  Street,  New  York  17,  N.  Y. 

Division  Sales  Offices:  Atlanta,  Chicago,  Dallas,  Kansas  City. 
New  York,  Pittsburgh,  San  Francisco 
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Weighs  less  than  an  ounce  . . . 
but  releases  the  whole  world  of 


Glorious  Recoded  Music! 


NO  fully  satisfactory  recorded  sound  can  issue  from  a 
radio-phonograph  speaker  unless  it  is  "picked  up" 
with  the  utmost  accuracy  . . . the  truest  fidelity  ...  by  the 
tiny,  sensitive,  featherweight  pickup— the  true  heart  of 
record  reproduction. 


That  is  why  so  many  makers  of  the  highest  quality  radio- 

phonograph  combinations  build  Webster  Electric  Pickups 

into  their  original  equipment.  Webster  Electric  Crystal 

\ 

Pickups— backed  by  vast  engineering  experience  and 
skill  in  the  field  of  sound  reproduction— possess  remark- 
able range,  precise  balance  for  the  right  needle  pressure, 
light  weight,  most  modern  styling  . . . The  most  critical 
music  lovers  appreciate  the  rich  tonal  color,  the  delicacy 
of  shading,  the  utter  faithfulness  of  reproduction  which 
Webster  Electric  Pickups  give. 


You  will  want  to  know  all  about  Webster  Electric  Pickups, 
and  how  they  can  be  of  value  in  the  development  of  your  new 
products  and  equipment.  W rite  us  for  full  information  today. 


Ul's  All  Back  I He  Attack 
Buy  Extra  War  Bonds 


( Licensed  under  patents  o]  the  Brush 
Development  Company ) 


websterBelectric 


K>tlM.  Wltcisiln.  U.S.*.  » l»t»bll«Md  ISOS  • tip»ft  P*»t.:  t > I^Oth^trMU^  Csblt  *ddim  "ASUS"  Ntw  Tort  City 


"Where  Quality  is  a Responsibility  and  fair  Dealing  an  Obligation" 


cent  said  there  should  be  fewer.  89 
percent  thought  there  should  be  less 
•than  200,  79  percent  less  than  150, 
and  65  percent  thought  100  would 
be  enough. 

The  average  serviceman  was 
shown  to  stock  2.8  brands  of  tubes, 
distributed  in  this  order  of  impor- 
tance: RCA,  Sylvania,  Phileo,  I 

Tung-Sol,  National  Union  and  Ray- 
theon. 58  percent  stated  that  qual- 
ity and  performance  were  the  prime 
reason  for  brand  preference.  Be- 
tween glass  and  metal  types,  75 
percent  preferred  the  former. 

Phonograph  Upsurge 

Around  Chicago,  investigator 
working  for  the  Tribune  uncovera 
a big  postwar  demand  for  phono 
graphs  and  radio-phonograph  com- 
binations. 

With  the  objective  of  antici- 
pating postwar  demand  among  the 
2,232,363  urban  families  in  the 
area,  the  survey  reveals  purchases 
of  7.1  percent  or  158,498  units  dur- 
ing the  first  postwar  year.  Ex- 
tended at  an  average  unit  price  of 
$224.73  this  represents  a dollar 
volume  of  $35,619,266.  Figures, 
which  are  being  used  by  John 
Meek  Industries  to  plan  their  post- 
war radio-phonograph  production, 
also  show  that  87.7  percent  of  the 
local  owners  of  radios  did  not  have 
phonograph  facilities. 

Foresters  and  Relay  Sites 

Forest  Service  personnel  will  co- 
operate with  FCC  in  determination 
of  factors  affecting  the  selection  of 
radio  relay  station  sites.  Working 
on  the  assumption  that  applications 
for  sites  will  be  received  in  increas- 
ing numbers,  the  two  government 
agencies  have  established  a joint 
procedure. 

This  will  take  the  form  of  (D 
examining  the  site  to  determine 
whether  its  occupancy  can  be  au- 
thorized without  conflict  with  the 
national  forest  or  public  interest. 
(2)  indicating- that  such  a permit 
would  be  contingent  upon  FCC  sta- 
tion-approval; (3)  making  a re- 
port on  site  and  other  similarly  use- 
ful available  spots  in  the  general 
vicinity;  and  (4)  transmitting 
memoranda  to  FCC  which  will  aid 
in  the  action  to  be  taken. 

Final  permit  will  be  given  on  the 
basis  of  conformity  with  regula- 
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No  matter  what  the  Frequency 

BE  SURE  YOU’RE  ON  IT! 

The  postwar  Browning  Frequency  Meter,  like  pre- 
war and  wartime  models,  will  assure  you  of  meeting 
FCC  requirements. 

Like  its  popular  predecessors,  it  will  be  a boon  to 
amateur,  police,  aircraft  and  other  mobile  services. 


Continued,  whole-hearted  devotion  of  all  Brown- 
ing resources  and  facilities  to  war  service  demands 
prevents  any  ^unveiling^  of  the  new  Browning  Fre- 
quency Meter  at  this  time. 

When  it  does  come,  it  w ill  reflect  the  expressed 
desires  of  many  who  have  written  11s  about  it.  It  will 

be  exactly  what  you  want. 

You’ll  be  glad  you  waited  for  it! 


LABORATORIES,  INCORPORATED 
WINCHESTER,  MASSACHUSETTS 


H.ECTRI 
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HANOVIA 

HERMETICALLY  SEALED 

R.  F.  CHOKES 


[ill 


1 1 


IN 


MILLI- 

HENRIES 


AVAILABLE  IN  ABOVE  TWO  FORMS 
RATED  AT  125  M.A.  FOR  ALL  SIZES 

Complete  information  on  these  and 
other  Hanovia  Chokes  on  request. 

HANOVIA 

CHEMICAL  & MANUFACTURING  CO. 

Industrial  Division 

Dept.  E-l 5 Newark  5,  N.  J. 


8 


*/  SEE  IT  CLEARLY,  GENTLEMEN. . . COILS . . . COILS. . . COILS 

...IT  IS  ALBION  THAT  CAN  SNIP  ALL  YOU  NEEV. " 


SUPER-QUALITY  coils  at  reasonable  prices 

More  and  more  every  day,  the  industry  is  turning  to  Albion 
for  fast,  quality  and  quantity  production  of  coils,  chokes, 
and  transformers.  That’s  because  here  you  benefit  from 
^heatable  combination  of  management  "know  how/ 
skilled  workmanship,  streamlined  facilities,  and  central 
Vt:  location.  Your  requirements  will  be  given  prompt  and 

^oughtful  attention. 

Il>^  ^ECTRONICS  — August  1945 


ALBION 

COIh  COMPANY 

ALBION,  ILLINOIS 

R.  F.  AND  TRANSMITTING  COILS  AND  CHOKES, 
|.  F.  transformers 
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of  individual  modifica- 


tions. Many  of  these 
designs  are  complete  and 
available — others  for 


new  equipment  can 
readily  be  developed. 


ELECTRICAL 

Series  or  shunt  wound 
High  starting  torque 
Low  starting  current 
High  efficiency 
Low  RF  interference 
Unidirectional  or  reversible 
Armature  and  field  windings 
varnish  impregnated  and  baked 


MECHANICAL 

Low  weight  factor 
Unusual  compactness 
Completely  enclosed 
Base  or  flange  mounting 
Laminated  field  poles 
Precision  ball  bearings 
Segment-built  commutator 
Permanent  end  play  adjustment 


2300  FRAME  MOTORS 

2318 

Series 

2310 

Shunt 

Watts  Output,  Int. 

(max.) 

160 

50 

Torque  at  6000  RPM 

(in.  oz.) 

40 

10 

Torque  at  3800  RPM 

(in.  oz.) 

57 

_ 

Lock  Torque 

(in.  oz.) 

120 

14 

Volts  Input 

(min.) 

5 

5 

Volts  Input 

(max.) 

no 

28 

Temperature  Rise 

(int.) 

50°C 

50°C 

Diameter 

2%' 

2%' 

Length  less  shaft 

4%' 

2 H" 

Shaft  Dia. 

(max.) 

.312* 

.312* 

(lbs.) 

2.4 

E DCS  ©IS  DrSCSo  1501  W.  Congress  St.,  Chicago, 


DYNAMOTORS  • D.  C.  MOTORS  • POWER  PLANTS  • CONVERTERS 


Export:  Ad  Aunema.  89  Broad  St..  New  York.  U.  S.  A.  Cable:  Auricma,  New  Vorfc 
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LONG  SCALE,  WIDE  RANGE  VOLT-OHM-MILUAMMETER 


DOUBLE  SENSITIVITY 
D.  C.  VOLT  RANGES 
0-1.25-5-25-125-500-2500  Volts, 

at  20,000  ohms  per  volt  for  greater  accuracy  on 
Television  and  other  high  resistance  D.C.  circuits. 
0-2.5-10-50-250-1000-5000  Volts, 
at  10,000  ohms  per  volt. 

A.  C.  VOLT  RANGES 
0-2.5-10-50-250- 1000-5000  Volts, 
at  10,000  ohms  per  volt. 

OHM-MEGOHMS 

0-400  ohms  (60  ohms  center  scale) 

0-50,000  ohms  (300  ohms  center  scale) 

0-10  megohms  (60,000  ohms  center  scale) 

direct  beading  output  level  decibel 
ranges 

-30  to  +3,  +15,  +29,  +43,  +55,  +69  DB 

temperature  compensated  circuit  for 

ALL  CURRENT  RANGES  D.C. MICROAMPERES 
0-50  Microamperes,  at  250  M.V. 


D.  C.  MILLIAMPERES 

0-1-10-100-1000  Milliamperes,  at  250  M.V. 

D.  C.  AMPERES 

0-10  Amperes,  at  250  M.V. 

OUTPUT  READINGS 

Condenser  in  series  with  A-C.  Volts  for  output 
readings. 

ATTRACTIVE  COMPACT  CASE 

Size  ■ 2 W"  x 5^"  x 6".  A readily  portable,  completely 
i^&ted,  black,  molded  case,  with  strap  handle 
A suitable  black,  leather  carrying  case  (No.  629) 
also  available,  with  strap  handle. 

LONG  5“  SCALE  ARC  . 

For  greater  reading  accuracy  on  the  Triplett 
RED  • DOT  Lifetime  Guaranteed  meter. 

SIMPLIFIED  SWITCHING  CIRCUIT 

Greater  ease  in  changing  ranges. 


• ...to-  fadt 

XI 


Write  for  descriptive  folder  giving  full  technical  details 


Triplett 
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Electronic  Winding  Co.  has . developed 


allow  room  for  expected  expansUM 
during-  the  next  20  years.  The  coi  ^ 
pany  has  about  twenty  other  latx 
atories,  but  these  are  for  develo 
mental  and  product  research. 

MEETINGS  TO  COME 

No  Conference.  Due  to  existii 
restrictions  and  difficulties  ca 
nected  with  travel,  the  second  a 
nual  National  Electronics  Confe 
ence,  originally  planned  for  194 
will  not  be  held.  Present  intentioi 
are  that  the  next  conference  v 
be  in  Chicago  during  the  first  0 
tober  following  the  end  of  trav 
restrictions  but  permitting  the  a 
rangement  of  a suitable  prograi 

Ocr.  2;  Society  for  Measuremek 
AND  Control  (New  Jersey),  Ail 
Operated  Control  and  Industrii 
Application,  by  E.  R.  Huckman;  Ei 
sex  House,  Newark,  N.  J.;  H.  i 
Close,  secretary,  831  Dixie  Law 
Plainfield,  N.  J. 

Oct.  18-20;  Optical  Society  of! 
America,  Thirtieth  Annual  Meet-* 
ing;  Hotel  Pennsylvania,  New 
York,*  N.  Y. ; Arthur  C.  Hardy,  sec- 1 
retary,  Massachusetts  Institute  of  • 
Technology,  Cambridge  39,  Mass. 

WASHINGTON  NEWS 


special  high  quality  coils  for  Ultra  High 
Frequency  work.  Development  of  our 
coils  has  kept  pace  constantly  with  the 
development  of  high  frequency  commu- 
nications equipment  and  out  of  our  in- 
tensive war  experience  will  come  a new 
and  finer  product  ready^to  do  a new 
ond  finer  job  on  the  rapidly  expanding 
frontiers  of  radio  communications. 


^leetwm^RutdlH^  Zo. 


5031  BROADWAY 
CHICAGO  40,  IU. 


★ ★ manufacturers  of  extra 

QUALITY  COILS  FOR  PRECISION 
COMMUNICATIONS  EQUIPMENT 


Naval  Research.  Under  direct 
supervision  of  Naval  Secretary  For- 
restal,  a new  office  of  Research  and 
Inventions  has  been  formed  to 
guide  postwar  Navy  research  activ- 
ities. Electronic  research  is  to  be 
coordinated  through  the  design 
branch  of  the  electrical  division  of 
the  bureau  of  ships  and  the  equip- 
ment branch  with  research  projects 
farmed  out  to  colleges  and  univer- 
sities on  the  basis  of  adaptability. 

Broadcast  Construction.  Amend- 
ment of  Limitation  Order  L-41  Al- 
lows without  special  WPB  permis- 
sion broadcast  construction  jobs  in 
amounts  not  exceeding  $1000.  A 
previous  $200  ceiling  existed. 

X-ray  Equipment.  Restrictions 
have  been  lifted  from  the  shipment 
of  X-ray  equipment  for  civilian 
purposes  by  revocation  of  Limita- 
tion Order  L-206.  Affected  equip- 
ment includes  power  units;  radio- 
graphic,  fluoroscopic,  and  therapy 
tables;  photo-fluorographic  units, 
cassette  changers ; and  tube  stands. 
Because  production  of  most  items 
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accepts  nothing  less  than 

.Perfection— 


AND  REACTOK5  nave  uc  CTreatest  Navy  which  demands  and 

Hr  forward  march  of  the  worlds  greatest  x>avy 

accepts  nothing  less  than  perfection  of  all  its  per 

sonnel  and  resources. 


The  construction  employed  in  the  unit  1 ustrate 
will  meet  present  government  specifications  ’"tor^ 
any  branch  of  the  armed  services.  KENYON  S mg 
standard  of  quality  has  been  diligently  maintaine 
to  insure  a product  of  perfection. 


Designs  available  employ  both  glass-to-metal 
and  steatite-to-metal  sealed  terminals. 


Overall  dimensions  and  mounting  dimensions  con 
form  to  the  KENYON  T-line  case  except  that  y 

the  mounting  is  single  ended  at  top  or  bot-  C 

tom.  It  may  be  necessary  to  increase  case  tbbmark  of 

height. 


JR 


Manufac- 
tured for  the 
Navy  to  their 
specifications 

RE  I3A  553  B 


excellengb 


Inquiries  invited.  Write  for  our  new  1945  illustrated  catalogue 


KENYON  TRANSFORMER  CO.,  Inc. 


840  BARRY  STREET 
NEW  YORK,  U.  S.  A. 
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QiMAosUeed  ACCURACY 


Due  to  design  characteristics  and  close  control  of  manufacturing 
processes,  Burlington  instruments  embody  the  following  ad- 
vantages: 

PERMANENCE  CALIBRATION  * ■ • AQ  DC  Instruments  employ  Alnlco 
magnets  which  are  known  to  be  more  highly  resistant  to  shock,  heat,  vibration, 
and  stray  fields  than  any  other  magnetic  material, 

FREEDOM  FROM  STICKING  • ■ ■ Clearances  for  all  moving  parts  are  such 
that  the  results  oi  entrance  o{  small  particles  as  encountered  in  field  service  are 
reduced  to  a minimum. 

STABILITY  OF  OPERATION  . . . . All  Instruments  are  "NORMALIZED" 
after  assembly  to  eliminate  "sere  shift"  and  other  calibration  errors  due  to  ageing. 

Exceptionally  high  torque  to  weight  ftrtlo  of' control  springs  to  moving  element 
insures  minimum  error  under  conditions  oi  shock,  vibration,  and  other  rough  usage. 

Alignment  of  lewels  and  magnet  core  piece  is  such  that  the  center  lines  of  these 
parts  coincide  within  plus  or  minus  M2”.  The  design  of  the  brass  movement  frame 
and  components  is  such  that  mechanical  tolerances  are  reduced  to  a minimum  in 
assembly.  As  a result  lewel  and  pivot  wear  Is  uniform  which  reduces  "frictional 
torque"  of  the  moving  coil. 

An  series  resistors  and  coils  are  heat  treated  and  impregnated  after  mtanclna 
to  insure  stability  and  long  life.  wrapping 

AU  ranges  AC  S DC  are  available  in  2W.  9 Vi"  and  4 Vi"  rises,  both  sou  are 
and  round.  Hush  mounting.  ’ 

Engineering  service  furnished  tor  specialized  applications. 

No  obligation.  Write  today  tor  further  information. 


BURLINGTON  INSTRUMENT  CO. 

100  FOURTH  STREET 


BURLINGTON,  IOWA 





PANEL  INSTRUMENTS  e VOLTAGE  REG 
ULATORS  • AUTOMATIC  SYNCHRO- 
NIZERS • FREQUENCY  REGULATORS 

^ / 
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requires  six  to  twelve  months, 
equipment  will  not  become  ge 
erally  available  before  that  leng 
of  time,  but  production  plarnm 
can  be  more  efficiently  execute 
according  to  WPB. 

Block  and  Film  Mica.  Pei 
work  incident  to  the  use  of 
grades  of  block  and  film  mica 
being  eliminated  but  without 
removal  of  fabricating  restrictioi 
according  to  plans  of  WPB. 
ernment  stockpiles  of  high-grai 
and  large-size  mica  must  contini 
to  be  reserved  for  milil 
demands,  but  it  is  pointed  out 
mica  is  available  from  domesti 
mines  and  certain  foreign  coi 
tries,  and  that  users  should  exploi 
the  possibilities  of  obtaining 
mineral  from  these  sources  ral 
than  from  government  stocks. 

Industry  Reconversion.  Ai 
pointments  by  the  Committee 
Period  One  (CPO)  have  beenmai 
to  establish  reconversion  chairmen! 
to  facilitate  the  changeover  froi«| 
■military  to  civilian  production.  In|l 
the  communications  division,  thi 
reconversion  officer  is  Maynard  A.! 
Cook,  whose  responsibility  will 
cover  telephone  and  telegraph  i 
equipment,  non-electronic  military 
communication  equipment,  and 
radio  headsets.  In  the  radio  and 
radar  division,  M.  E.  Earns  is  the 
reconversion  officer  covering 
vacuum  tube  machinery,  trans- 
formers, capacitors,  cable,  micro- 
phones, loudspeakers,  resistors, 
tube  sockets,  vibrators,  test  equip- 
ment, tubes,  intercommunication 

equipment,  instruments,  sound 
systems,  radio  hardware,  switches, 
repair  parts,  transmitters,  re- 
ceivers,  and  electronic  heating 
generators.  Control  valves,  regu- 
lators and  industrial  and  commer- 
cial instruments  come  in  the 
province  of  E.  A.  Capelle. 


-a 


FCC  ACTS 


permit 
■ station 


To  da  ihl< 

Conjunct  developmental 
Investigate  multiple*  f-m  «P* ' 
AO,  A4,  .nd  special 
(f-m),  «nd  3-kvs  powtt- 

Ohio  Conitruct  development*! 

|.ms«.e«ch,A0 
emission  (f-m),  end  1 -kw  P° 

lncse.se  powe.  to  10 

c,  Ky.  tmiuion;  change  i^Bugnc* 

45.5  Me  to  assigned  to#*** 
«nd  change  transmitter- 

t Change  classification 

ti,  Ohio  posary  class  S •*P*"m*"U' 

/pgorf  IMS- ELECTRONICS 


Digitized  by 


Goo<  [e 


Single  Bolt  Assembly  on  model  mcl  lever  switches 

SPEEDS  CHASSIS-TO-PANEL  ASSEMBLY  ON  ELECTRONIC  & COMMUNICATIONS  EQUIPMENT 


This  exclusive*  General  Control  Company  feature 
means  savings  in  time  and  labor  during  original 
assembly  and  at  any  time  that  maintenance,  rewiring,  etc. 
is  required.  Consider  the  convenience  of  this  feature 
when  build-ups  must  be  assembled  to  a frame  that  is 
hined  among  other  units  on  the  back  of  the  control 
paneL  During  assembly  of  equipment,  the  Model  MCL 
tan  be  wired  where  it  is  most  convenient — the  control 
lever  can  be  mounted  anywhere  on  the  panel  where  it  is 
most  convenient  for  the  operator — there  is  no  need  to 


GENERAL 

CONTROL 

COMPANY 


I®  StNItis  FiaM  M BOSTON  34.  MASS. 

electronics  „« 


compromise. 


The  "Midget”  Model  MCM  also  has  the  single  bolt 
assembly  feature.  This  unusual  lever  switch  weights 
only  3i  ounces  with  12  contact  springs. 


All  General  Control  Company  lever  switches  have 
unlimited  contact  possibilities;  all  parts  are  non-corro- 
sive; all  have  easy,  positive  roller  action,  regardless  of 
number  or  arrangement  of  contacts  on  each  side  of 

switch.  , PATENT  No.  2,351,236 

"Midaet"  MODEL  MCM  has  it  too!! 
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V*  A.C  VOLTS 


MODEL  300 
ELECTRONIC 
VOLTMETER 


ACCESSORIES 

MODEL  220  DECADE  AMPLIFIER 
MODEL  402  MULTIPUER 


Since  its  development  in  1935  the  Ballantine 
Electronic  AC  Voltmeter  is  the  only  instrument  of 
its  kind  with  a Simplified  Logarithmic  Scale. 


The  important  feature  of  logarithmic  scale  in- 
dication in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1 as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi- 
range instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  'within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 
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AUTOMATIC  ELECTRIC’S  CLASS  “B”  RELAY 

All  six  of  the  features  you  want— perfectly  combined  in  one  unit— 
that’s  what  you  get  in  this  new  relay.  It  meets  all  purposes,  in 
widely  varied  applications,  without  compromising  with  the  most 
exacting  requirements.  For  in  the  Class  "B’  relay.  Automatic  Elec- 
tric has  combined  the  features  you  need —all  of  them,  and  each  in 
greatest  measure. 

tmhpmmdmni  twin  contact*  hr  dopondMo  contact  ^ )^300  vofh  DC^od 

ckZr. . . . .Mclo*  o^ootk  circuit  hr  <~d  7 r - ■■  T^T 

5*  ctMtocf  proJno. . . onho.  ormalvr.  taring  230  voh,  AC, 

hTloag  waaroZhrmvor.  codithn.  . . . c«w> act  al"  *Wd‘"®  eOW'  W'“"  ’P*^ 

The  Class  "I"  relay,  and  Many  others,  ore  shown  ie  Catalog  4071.  Write  today  for  yoer  copy. 


AUTOMATIC^  ELECTRIC 

AUTOMATIC  ELECTRIC  SALES  CORPORATION 

1033  WEST  VAN  BURIN  STREET 


CHICAGO  7,  ILLINOIS 


if 

i 


U ea-ada:  AUTOMATIC  ELECTRIC  (CANADA  LIMITED,  TORONTO 

parts  and  assemblies  for  every  electrical  control  need 

electronics ms 
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FISHER-PIERCE 


SAVE  CONTACT 
WEAR 


• A controlling  current  of  .000006 
amperes  provides  operation  of  a 2 
ampere  load  on  115  volts  60  cycles. 

• A supply  circuit  (115  volts  60 
cycles)  furnishes  only  3 watts  of 
stand-by  power.  No  power  t is  re- 
quired from  the  controlling  circuit  — 
only  the  closure  of  a loop  to  permit  the  passage  of  6 
microamperes  from  an  internal  6 volt  source.  A built-in 
transformer  isolates  this  controlling  circuit  from  line  and 
ground. 


Model  2212 


Interior  View 


Send  usyour  control  problem 
and  ask  for  Bulletin  4510 

ISHER-PIERCE 

COMPANY 

62  CEYLON  ST..  BOSTON  21,  MASS. 


• Load  contacts  are  S.P.D.T.  with  pilot  lamp  for  115 
volts  on  the  N.O.  contact,  showing  action  of  the  relay  even 
when  the  cover  is  closed.  Load  relay  is  of  the  plug-in  type, 
permitting  easy  change 
when  unusual  loads  require 
special  load  contacts.  Con- 
servative design  insures  ex- 
tremely long  tube  life. 


• Rugged  steel  box  with 
hinged  cover  is  fitted  with  a 
hanger  and  equipped  with 
adequate  knock-outs. 


increased  export  business;  and  in  i 
the  Echophone  line  of  products  in-  . 
eluding  commercial  and  citizens 
radio  communication  equipment. 

Gothabd  Mfg.  Co.,  Springfield,  III, 
is  building  a modem  daylight  plant 
including  engineering  and  research 
as  well  as  manufacturing  facilities 
for  pilot  light  assemblies. 

Woodward  and  Keel,  Washington, 

D.  C.,  has  been  dissolved  as  a con- 
sulting engineering  firm.  Prac- 
tice will  be  continued  under  the  • 
name  of  John  J.  Keel  at  648  Earle 
Building,  Washington  4,  D.  C. 

Solar  Mfg.  Corp.,  New  York,  N.  Y„ 
purchases  a modern  factory  build- 
ing at  North  Bergen,  N.  J.  It  is 
designated  as  Plant  Number  4 and 
postwar  it  will  become  the  com- 
pany’s main  eastern  plant  The 
company,  more  than  two-thirds  of 
whose  prewar  production  went 
into  radio  receiving  and  trans- 
mitting apparatus,  expects  the 
postwar  ratio  to  drop  to  approxi- 
mately 50  percent  radio  compo- 
nents with  the  other  50  percent 
going  into  business  machines, 
safety  devices,  hearing  aids,  and 
similar  products. 

Allen  B.  Dumont  Laboratories, 
Passaic,  N.  J.,  have  the  assignment 
of  a patent  by  Dr.  Thomas  T.  Gold- 
smith, covering  a system  where  in- 
coming negative  television  signals 
are  photographed  on  positive  film 
by  motion  picture  camera  for 
immediate  subsequent  projection  in 
theatres. 

Raytheon  Mfg..  Co.,  Waltham, 
Mass,  is  planning  the  erection  of  a 
television  and  f-m  broadcasting 
station  in  Prospect  Hill  Park,  one 
of  the  highest  points  in  metropoli- 
tan Boston. 

Canadian  Marconi  Co.,  Montreal, 
Canada,  is  supplying  a new  three- 
way  police  radio  system  to  the 
town  of  Montreal  West.  Operating 
on  f-m,  the  system  permits  two- 
way  communication  between  head- 
quarters and  cruiser  cars  a® 
between  cars. 

Selenium  Corp.  of  America,  L°s 
Angeles,  Calif.,  is  the  newest  mem- 
ber of  the  Los  Angeles  Counci, 
West  Coast  Electronics  Manufac- 
turers’ Association. 

Grenby  Mfg.  Co.,  Plainville,  Conn, 
and  Allen  D.  Cardwell  Mfg.  Corp. 
Brooklyn,  N.  Y.,  consolidate.  Ia- 
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is  this  What  You  Want? 


SORENSEN  CAN  MEET  YOUR  DELIVERY  DATE  DN  LIGHT 
WEIGHT  350-2400  CYCLE  VARIADLE  VOLTAGE  CONTROLS. 


How  fast  do  you  noed  them?  Sorensen  & Company 
takes  pride  in  their  record  of  meeting  or  beating 
delivery  dates.  You  name  the  date  — we'll  start 
shipping. 

The  tingle  phase  500  V A Variable  Voltage  Auto 
Transformer  is  designed  for  an  input  of  115  volts: 
output  0-130  volts.  350-2400  cycle,  maximum  3.85 
amperes,  rated  3 amperes.  Continuous  duty,  single 
phase  without  air  blast  cooL  With  50  C.F.M.  air 
blast  with  an  ambient  of  plus  50  degrees  centigrade 
the  single  phase  unit  is  capable  of  1.2  K.V.A. 
Wright  of  the  single  phase  unit  is  1.85  lbs. 

r The  three  phase  1.5  K.V.A.  Variable  Voltage  Auto 
Transformer  is  designed  for  an  input  of  208  volts 
T”  connected:  output  0-235  volts.  350—2400  cycle 
;,  j maximum  3.85  amperes.  Continuous  duty,  three 
phase,  without  air  blast  cool. 

With  100  C.F.M.  air  blast  .with  an  ambient  of  plus 
f 50  degrees  centigrade  the  three  phase  unit  is  co- 
s' PoMe  of  3.5  K.VJL  Weight  of  the  three  phase  unit 
» 5.4  lbs. 

Tk*  «l»qle  phase  1.5  K.V.A.  Variable  Voltage  Auto 


Transformer  is  designed  for  an  input  of  115  volts: 
output  0-130  volts.  350-2400  cycle  maximum  11.5 
amperes,  rated  9 amperes.  Continuous  duty,  single 
phase,  without  air  blast  cool. 


With  100  C.F.M.  air  blast  with  an  ambient  of  pl«* 
50  degrees  centigrade  the  single  phase  unit  is  ca- 
pable of  4.5  K.V.A.  Weight  of  the  single  phase  unit 

is  3.85  lbs. 


he  three  phase  4.5  K.V.A.  Variable  Voltage  Auto 
Vansformer  is  designed  for  an  input  of  208  volts 
Y"  connected:  output  0-235  volts.  350-2400  cycl«» 
naximum  11.5  amperes,  rated  9 amperes.  Con- 
Inuous  duty,  three  phase,  without  air  blast  cool. 
iVith  150  C.F.M.  air  blast  with  an  ambient  of  plus 
i0  degrees  centigrade  the  three  phase  unit  is  ca- 
ckle of  10  K.V.A.  Weight  of  the  three  phase  unit 


a a iu* 


111  of  the  above  units  were  designed  for  crir-bome 
Iqripment.  They  are  built  with  class  "B"  insula- 
ion,  a new  commutator  forming  process  is  employed 
hat  eliminates  the  necessity  of  reducing  copper 
irea  on  the  commutator  face. 


; SORENSEN  & 

i AIRBORNE  ELECTRONICS 

J ELECTRONICS— >0J0rf  19  45 


COMPANY 

. STAMFORD,  CONN. 
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As  necessary  to  perfect 
Amplifier  performance  as 
the  fourth  leg  to  a dog! 

You  can't  have  perfect  performance  in  amplifying  or  other 
speech  transmission  without  Icnowing  the  efficiency  and  per- 
formance of  each  unit  in  the  installation 

With  a Variaten  Gain  Set  you  can  (1)  measure  the  total 
amplification  of  an  amplifier;  (2)  measure  the  gain  at  all  fre- 
quencies to  determine  whether  there  is  discrimination  against 
any  part  of  the  frequency  spectrum;  (3)  measure  the  power 
output  of  any  amplifier;  (4)  measure  frequency  response  of 
transmission  lines  in  absolute  quantities;  (3)  check  all  control 
equipment— in  fact,  quickly  make  a quantitative  analysis  of  any 
part  of  the  audio  frequency  spectrum. 

Unvarying  accuracy  is  all-important.  Variaten  Gain  Set,  Type 
1901-B  (shown  above)  has  a flat  frequency  characteristic  of  0 
to  20  kilocycles,  and  leakage  is  guaranteed  to  be  lest  than 
1/lOth  db.  (Measurements  have  been  made  at  frequencies  as 
high  as  100  kilocycles  with  practically  no  error.) 

Variaten  Gain  Set  1901-B  is  equipped  with  both  send  and 
receive  impedance  matching  controls  for  both  Straight  T and 
Balanced  H circuits.  This  dependably  accurate  instrument  can 
be  supplied  with  either  one  or  two  meters. 

Write  today  for  complete  data  on  Type  1901-B  and  other 
Variaten  Gain  Sets. 


Other  Variaten  products — 
Attenuators,  Mixers,  Resis- 
tors, Matching  Pads  and  other 
precision  sound  equipment 
meet  the  most  exacting  speci- 
fications. Catalog  on  request . 


CINEMA  ENGINEERING  CO. 

Established  1935  « Burbank  « Califnr„;„ 


dividual  corporate  identity  ad 
present  management  will  be  con 
tinued,  bringing  together  com 
plementary  engineering,  researcl 
and  manufacturing  facilities  ii 
both  the  electronic  and  mechanics 
fields.  ’’ 

Wire  Recorder  Development 
Corp.  is  the  name  of  a newly  or- 
ganized offshoot  of  Armour  Re- 
search Foundation  of  Illinois  In- 
stitute of  Technology.  The  new  cor- 
poration will  take  over  all  commer- 
cial functions  related  to  manufac- 
ture of  wire  recorders. 

Standard  Electrical  Products 
Co.,  Dayton,  Ohio,  is  again  engaged 
in  manufacture  of  transformers, 
control  devices,  and  relays  for  air- 
borne radio  and  radar  operation. 
Full  production  is  expected  to  com- 
mence in  a short  period. 

Air-Track  Mpg.  Corp.  is  sold  by 
the  parent  company,  F.  L.  Jacobs 
Co.,  Detroit,  Mich.,  to  Robert  I. 
Sarbacher  and  Robert  H.  Bailey. 
Manufacture  of  electronic  gear  will 
continue. 


PEBSONNEL 

Albert  S.  Eisenstein  gets  one  of  . 
five  Frank  B.  Jewett  fellowships 
for  research  in  physical  sciences  • 
for  the  year  1945.  Dr.  Eisenstein, 
who  is  at  present  a member  of  the 
Radiation  Laboratory  staff  at  Cam- 
bridge, receives  a stipend  of  $3,000 
while  a further  honorarium  goes  to 
the  institution  where  his  research 
is  done. 

George  L. -Beers  is  appointed  as- 
sistant director  of  engineering  in 
charge  of  advance  development  in 


the  RCA  Victor  Division  of  Radio 
Corp.  of  America.  He  was  previ- 
ously on  the  engineering  adminis- 
trative staff. 

George  Milne  is  appointed  director 
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YOURS.. .IN  THIS  CONVENIENT  FEE  FOLDER 


PLASTIC  CONTROL  GRIPS 


IONICS  — 


Plastic  Manufacturers 

incorporated 

STAMFORD,  CONNECTICUT 

MOLD  MAKING  • INJECTION  & TRANSFER  MOLDING  • COMPLETE  ASSEMBLY 
R«preo«n/(rfivex;  DETROIT  2-805-06  Now  C.nF.r  Bldg.  • LOS  ANGELES  35  1440  So.  R°  ,r'‘on 

CANADA-A.  * M.  Accexxori.x  Lid,  19  M.llnda  S*..l,  Tcron,o:  .405  Bixhop  Slr..l,  Mongol 
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Our  handy-reference  Folder  is  designed  to  be  a useful 
port  of  your  plastics  source  file.  It  contains  information  on  the 
facilities  ef  our  organization  for  plastics  engineering,  designing, 
molding  and  assembly,  and  includes  examples  of  plastics  appli- 
cations that  may  have  a relationship  to  your  peacetime  products. 
The  Folder  is  free,  on  request. 

Plastics  should  be  reappraised  now  in  the  light  of  im- 
proved methods  and  materials  that  have  been  tested  in  extensive 
wartime  applications.  To  help  you  in  your  consideration  of  plas- 
hes, send  for  our  Folder  File.  And  call  on  us  early  in  the  design 
*tage  of  your  products.  This  assures  the  fullest  benefit  from  our 

SIT  j|  molding  experience,  and  the  most  practical  advan- 
U tages  from  plastics. 

» » Write  now  for  Folder  File  E8 


PLASTIC  WHEELS  for  Many  Use* 


PLASTICS  AND  METALS  COMBINED 


i: 


S 

* 
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CO-AXIAL 

CONNECTORS 


• ALIGNMENT 
TOOLS 

• SPECIAL 
EQUIPMENT 

• WAVE  GUIDES 

For  CompUte  Details 

Write  for  Catalog 


Hints  Kumoiiics 


372  CLASSON  AVE. 
BROOKLYN  5,  N.  Y. 


P 


of  technical  operations  for 
Blue  Network  of  American  Brotdl 
casting  Co.  He  waa  formerly  chi^l 
engineer. 


E. 


W.  D’Arcy  goes  to  the  post  jjjj 


M 


chief  engineer  at  DeVry  Corp.  HI 
was  previously  research  engineel 
at  Essanay  Film  Corp.  and  has  beel 
with  DeVry  in  a similar  capacity) 
since  1940. 

C.  B.  Jolliffe,  chief  engineer  oil 
RCA  Victor  Division,  Radio  Corp 
of  America,  becomes  vice  presides! 


in  charge  of  RCA  Laboratories.  Hti 
succeeds  to  this  post  Otto  S, 
Schairer  who  becomes  consultant 
and  advisor. 

Frank  Marx,  former  head  of  the 
technical  advisory  group  in  the 
Blue  Network  of  American  Broad- 
casting Co.  becomes  director  of 
general  engineering. 

N.  F.  Shofstall  is  appointed  de- 
signing engineer  of  the  receiver 
division  in  the  General  Electric 
Company’s  electronics  department 


He  has  been  serving  as  chief  broad- 
cast receiver  engineer,  responsible 
for  technical  designs  of  domestic 
and  export  broadcast  receivers 

J.  Z.  Millar,  Colonel,  U.  S.  Army 
Signal  Corps,  is  appointed  radio 
research  engineer  for  Western  Un- 
ion Telegraph  Co.,  New  York,  N.  ' 
He  was  previously  in  the  electronics 
division  of  the  same  company. 

Scott  Helt  is  made  supervising 
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splicing 

terminal 


(CRAFT -MARINE  PRODUCTS  INC. 

1-53  NORTH  FOURTH  ST.,  HARRISBURG.  PENNA. 

anad a:  David  C.  Orrock.  1405  Bishop  St..  Montreal.  Que- 
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for  speedy  assembly 

ON  THE  PRODUCTION  LINE- 


FOR  SPEEDY  MAINTENANCE 

IN  THE  FIELD 


USE  THROUGHOUT  IN  THE  MANU- 
FACTURE OF  WIRING  SYSTEMS; 
HARNESSES,  COMPONENTS,  ETC. 


ASSEMBLY  LINE  ECONOMY  ^ 6Q 

The  AMP  Knife-Disconnect  Splicing  Ter- 
minal is  easy  to  put  into  an  assembly  — — 

line,  tor  no  skill  is  required  even  by  un- 
trained  workers  to  install  AMP  solder-  QUICK  POSITIVI 
loss  terminals.  (Many  plants  are  already  UKjlL  INTENT 
set  up  and  are  producing  new  equip- 
ment using  these  modern  quick  dis- 
connect  terminals,  thereby  eliminating  Jkl  ft  1 
retraining  of  workers  to  unfamiliar  obso-  ■■ 
lete  methods.) 

THE  AMP  Splicing  Terminal  uses  identical 

ends,  perfectly  engaged.  Just  crimp  the 

AMP  Splicing  Terminal  on  the  wire  and  it’s  ready  to  be 

attached  to  any  other  AMP  Splicing  Terminal  or  similarly 

designed  AMPintegral  stamping.  When  the  two  identical 


ONf  SPI/CF  END  TO  THE  WIRE 


TERMINALS  WITH  OH  WITHOUT  INSULATION  SUPPORT 
PRE* INSULATION  OR  CORROSION  PROOFING 


ONLY  2 PARTS! 
BOTH  IDENTICAL 


QUICK  POSITIVE  SPLICE,  STAYS  TOGETHER 
UNTIL  INTENTIONALLY  TAKEN  APART 

fl(f  SOLDER- 


enc*s  are  engaged,  slip  insulation  sleev- 
ing over  the  joint  and  you've  a connec- 
tion giving  maximum  electrical  and 
mechanical  performance. 

QUICK  CONNECTION  AND 

Ijfex  DISCONNECTION  FOR  MAINTENANCE 

There  is  no  need  to  remove  equipment 
fT5!  housings,  unscrew  binding  posts,  or  cut 

,CAt  wires  to  remove  or  repair  equipment  — 

. merely  place  AMP  Knife-Disconnect 

Splicing  Terminals  at-the  right  spots  for 
easy  servicing.  Then  it  is  a simple  matter 
STAYS  TOGETHER  to  disconnect  the  wire  or  wires  and  lift 
TAKEN  APART  ou|  the  part  or  work  on  a cold  circuit. 

f Here  is  maintenance  lowered  to  its  irre- 
Opf ducible  minimum. 

^,-yaT.jiiBlU  Design  quick  disconnection  into  electri- 

cal equipment  with  the  AMP  Splicing 
Terminal.  It  works  for  you  all  the  way 
down  to  the  service  man. 

Write  today  for  samples  of  AMP  Splicing  Terminals  — 
wire  sizes  from  22  to  8 inclusive. 

SEND  FOR  BULLETIN  3IA 


THE  OTHER  A PART  OF  THE  EQUIPMENT 

THIS  END  MAY  BE  AN  ADAPTOR  PART  OR 
AN  INTEGRAL  PART  OF  THE  EQUIPMENT 
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NATIONAL  RESEARCH  CORPORATION 

hum  ii,  mu in,  i.u. 


For  full  particulars  send  for 
bulletin  G-3. 


A1 1 ill <i t roil  Gauge  Type  d10  *c»u  m . » »°  *«  -.  * - « •*>  ,o  '"“-i 

Preliminary  Calibration  Scale 


1 micron  to  10  millimeters  . A single  gauge  giving  continuous  linear  indi- 
cation of  pressure  in  three  ranges:  1-100 
microns;  1-1000  microns  and  1-10  millimeters. 

instantaneous  response  . .The  Alphatron  utilizes  the  ionization  effect  of 

alpha  particles.  This  new  principle  enables  in- 
stantaneous response  to  pressure  change  and 
thus  avoids  lag  in  readings. 

undamaged  by  atmospheric 

pressure  The  flow  of  alpha  particles  is  produced  from 

a sealed  radium  source.  There  is  no  fdament  to 
burn  out,  and  the  gauge  is  unaffected  by  ex- 
posure to  atmospheric  pressure. 

simple  calibration  for  dif- 
ferent gases The  graph  above  shows  that  the  Alphatron 

has  linear  reactions  to  pressure  throughout  its 
entire  range.  Calibrated  for  dry  air  the  stand- 
ard Alphatron  may  be  used  directly  for  other 
gases  by  means  of  calibration  factors.  Excel- 
lent for  use  with  systems  containing  water 
vapor  and  for  leak  detecting. 

specifications Control  box:  size  12H"  x 9V\  x 93A", 

weight  20  lbs.,  finish  grey  and  black  crackle 
with  red  trim;  gauge  (including  first  stage 
amplifier);  size,  12'  x 3"  0.  D.,  weight  5 lbs., 
finish  natural;  cables:  10  feet  special  10  con- 
ductor; power  110  volts.  60  cycle,  A.  C„  1 
ampere;  calibration  as  shipped:  dry  air;  ship- 
ping weight;  approximately  27  lbs. 


Raymond  M.  Wilmotte.  He  will 
ultimately  be  identified  with  a new 
department  for  industrial  elec- 
tronics within  the  firm. 

Daniel  W.  Gellerup  returns  to  the 
staff  of  the  Milwaukee  Journal 
Radio  Stations,  WTMJ  and  WMFM 
as  broadcast  technical  supervisor. 
He  has  been  on  leave  to  the  Na- 
tional Defense  Research  Council, 
Columbia  University,  assigned  to 
the  Bureau  of  Ships,  U.  S.  Navy. 

E.  N.  Wendell,  long-time  member 
of  the  engineering  staff  at  Inter- 
national Telephone  & Telegrap 
Corp.,  New  York,  N.  Y.  takes 
charge  of  the  radio  division  of  F 
eral  Telephone  & Radio  Corp. 
Among  his  former  activities  was 
the  development  of  instrumen 
landing  systems  for  CAA. 

Jack  Davis  becomes  chief  engineer  ^ 
of  the  auto  radio  division,  Galvin 
Mfg.  Corp.,  Chicago,  HI. 


engineer  for  Studio  A at  the  Du  L- 
Mont  television  station,  WABD,  L 
New  York,  N.  Y.  f 


Dr.  Lorenzo  Emo,  specialist  in  ar- 
tificial radioactivity,  joins  the  staff 
of  Battelle  Memorial  Institute,  Co- 
lumbus, Ohio,  where  he  will  be  en- 
gaged in  research  on  industrial 
physics. 

Don  C.  McRae  returns  to  Eastern 
Air  Lines  as  superintendent  of  _ 
communications.  He  has  been  sen-  _ 
j ing  with  the  Armed  Forces  since! 
May,  1942.  I 


Raul  de  Mars,  still  on  active  duty 
as  lieutenant  commander  in  the 
Navy,  joins  the  consulting  firm  of 


In  Vacuum  Gauges  • • • its  the  new 


MALLORY  VIBRAPACK 

Provides  Dependable  Plate  Power 
for  Portable  Electronic  Equipment 


Operating  characteristics  of  Mallory  Vihrapack  VP-552 


Wherever  dependable  high  voltage  is  required  from  a 
low  voltage  DC  source,  Vibrapacks*  are  built  to  deliver 
lomically  over  a long  life.  Vibrapacks  are  used  success- 
ors, transmitters,  PA  systems,  direction  finders  and 
>olice  cars,  aircraft,  automobiles,  farms,  boats,  in  mili- 
ouse  service  . . . wherever  a source  of  commercial  AC 


Features  of  Mallory  Standard  Vibrapacks  include : 

Nominal  input  voltages  of  6.  12  and  32  volts  DC. 

Nominal  output  voltages  from  125  to  tOO. 

Models  available  with  switch  for  four  output  voltages  in  approximate 
gteps. 

All  standard  Vibrapacks  are  equipped  with  new  Mallory  Hermeticall) 
Vibrators  for  top  performance  in  extremes  of  atmospheric  pressure  or  m 


rapacks  are  available  that  will  deliver  up  to  60  watts  doa 
Vibrators  and  Vibrapacks  at  your  nearest  Mallory  Dist 
re,  or  write  us  today. 

?d  from  manufacturers  for  Vibrators  and  V ibrapacks  for  use  in  orig 

R.  MALLORY  & CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


NEW  PRODUCTS 

Month  after  month,  manufacturers  de- 
velop new  materials,  new  components, 
new  assemblies,  new  measuring  equip- 
ment; issue  new  technical  bulletins,  and 
new  catalogs 


Vacuum  Tube  Frequency 
Meter 

M(»EL  39-VTF  vacuum  tube  fre- 
quency meter  is  manufactured  by 
J-B-T  Instruments,  Inc.,  441  Chapel 
St.,  New  Haven  8,  Conn.,  and  is  de- 
signed to  provide  the  maximum  de- 
gree of  accuracy  in  measuring  fre- 
quencies located  in  the  400,  800, 
1200,  1600,  2400  and  3600-cycle 
bands.  A special  multivibrator  cir- 
cuit in  the  unit  divides  the  incom- 
ing frequency  by  2,  3,  4,  6 and  9. 
The  resulting  frequency  is  meas- 
ured by  a standard  vibrating  reed 
frequency  meter.  Measurements  in 
the  above-mentioned  bands  are 


include  2-6N7  multivibrators,  1-6N7 
input,  1-6J5  buffer,  1-6V6  ampli- 
fier, and  1-6X5  rectifier.  The  unit 
is  housed  in  an  8x10x8  cabinet 
with  a sloping  panel. 


Positioner 


i 


i Q 


i 


rated  0.25  percent  accuracy  or  bet- 
ter, independent  of  line  voltage. 
This  accuracy  is  maintained  and  no 
calibration  or  standardization  is 
ever  required.  No  initial  stabiliza- 
tion period  is  required,  and  no  pro- 
tection is  needed  against  accidental 
frequencies  above  the  range  being 
measured.  Characteristics  of  Series 
A of  this  instrument  are:  Fre- 

quency ranges:  Basic  range  380- 
420  cycles.  Multiplier  switch  per- 
mits use  in  ranges  of  2,  3,  4,  6 and  9 
times  the  fundamental  range ; input 
sensitivity  500,000  ohms;  voltage 
range  100-350  volts;  power  con- 
sumption approximately  25  watts 
at  115  volts,  60  cycles;  tubes  used 
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A SERVO-OFEKATED  variable  voltage 
transformer,  manufactured  by  Su- 
perior Electric  Co.,  Bristol,  Conn., 
was  developed  to  fill  the  need  for  ac- 
curately controlling  the  plate  power 
to  a number  of  preset  levels  in  di- 
electric heating  apparatus.  In  this 
application  it  was  desired  to  use  an 
r-f  generator  to  heat  in  sequence  a 
number  of  mold  preforms,  each  re- 
quiring a different  power  level.  A 
control  circuit  is  alternately  con- 
nected to  one  of  four  controls  which 
causes  the  output  voltage  of  a mo- 
tor-operated Powerstat  variable 
transformer  to  increase  from  zero 
to  a voltage  indicated  by  the  control 
dial.  Connection  to  another  control 
or  resetting  of  the  control  in  the 
circuit  causes  a corresponding 
change  to  take  place  in  the  Power- 
tat  output  voltage.  The  circuit  is 
arranged  so  that  this  change  of 
voltage  is  accomplished  either  by 
reducing  to  zero  voltage  and  in- 


creasing to  the  new  value  or  by 
continuous  change  to  the  new  value 
without  reducing  to  zero. 

The  apparatus  consists  of  a 
motor-operated  Powerstat  variable 
transformer  and  remote  positioning 
elements  which  are  bridge  con- 
nected. The  output  of  this  bridge  is 
connected  to  a thyratron  relay  as- 
sembly which  energizes  the  Power- 
stat driving  motor  until  balance  is 
reached. 

Any  Powerstat  variable-voltage 
transformer  from  i to  100  kva  may 
operate  with  this  Seco  remote  posi 
tioner. 


Frequency  Compensated 
Instruments 

Weston  Electrical  Instrument 
Corp.,  of  617  Frelinghuysen  Ave., 
Newark  5,  N.  J.  announces  that 
their  a-c  electrical  measuring  in- 
struments can  now  be  furnished 
with  special  forms  of  compensation 


to  maintain  their  accuracy  over  fre- 
quency ranges  of  from  25  to  3000 
cycles.  Instruments  are  furnished 
as  ammeters,  voltmeters  and  watt- 
meters in  both  the  portable  and 
switchboard  types,  flat  compensated 
up  to  1000,  2000  and  3000  cycles. 


Crystal  Unit 

Bliley  Electric  Co.,  Erie,  Pa.,  an- 
nounces a new  low-frequency  crys 
tal  unit  (designated  FM-6)  tha 
will  maintain  its  frequency  within 
narrow  limits.  The  equipment  uti- 
lizes a resonant  pin  assembly.  e 
steel  pins  are  mechanically  reso 
nant  to  the  crystal  frequency  oi 
some  multiple  of  that  frequency  so 
that  any  damping  effect  of  e 
clamping  pins  is  negligible.  The  in 
ternal  assembly  is  protected  againsi 
moisture  and  humidity  by  means  o 
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A Ftw  Typical  Rockbestos  Constructions  that 
assort  long-lasting,  dependable  Performance: 


ROCKBESTOS  FIREWALL  RADIO  HOOKUP  WIRE 

The  first  lightweight,  small  diameter,  flame-resistant 
hookup  wire  designed  in  19S7  and  widely  used  since  in 
airborne  and  ground  communications  systems,  elec- 
tronic devices,  instruments  and  apparatus.  Operating 
temperature  ranges  from  1*5»  C to  minus  50  C 
Also  with  tinned  copper  shielding  braidand  twisted 
pair  or  tripled  construction.  Sizes  No.  St  to  4 A\VG  in 
1000  volt  rating,  and  No.  12,  14, 16  AWG  in  3000  volt. 


ROCKBESTOS  TYPE  CA  LEAD  WIRE 

Has  high  dielectric  strength  and  moisture  resistnn«  for 
use  where  heat  and  humidity  are  encountered.  No.  *0 
to  8 AWG  solid  or  stranded  copper,  monel  or  nickel 
conductors  insulated  with  synthetic  tape  and  various 
thicknesses  of  felted  asbestos  finished  in  black,  white 
or  colors  for  coding  purposes.  Also  with  All-Asbestos 
insulation  only,  where  high  moisture  resistance  is  not 
required. 


ROCKBESTOS  THERMOSTAT  CONTROL  WIRE  N 
A multi-conductor  control  wire  for  low  voltage  inter- 
communicating, signal  and  temperature  control  sys- 
tems. Its  life-time  heatproof  and  fireproof  insulation 
and  rugged  abrasion-resisting  steel  armor  will  you 
trouble-proof  circuits.  Sizes  No.  14,  16  and  18  A\M«  >n 
two  to  six  conductors  with  .0125*',  .025  or  (for  llo 
volt  service)  .081’*  of  felted  asbestos  insulation  and  steel 


ROCKBESTOS  A.V.C.  600  VOLT  MOTOR  LEAD  CABLE 
(National  Electrical  Code,  Type  AVA— max.  operating 
temp.  110°  C.) 

Heatproof,  fireproof,  greaseproof  and  oilproof,  this 
cable  will  not  dry  out  and  crack,  won’t  burn  or  carry 
flame,  and  will  remain  permanently  flexible.  For  coil 
connections,  motor  and  transformer  leads  where  over- 
loads, extreme  heat  and  fire  hazards  are  encountered. 
Sizes  No.  18  AWG  to  1,000,000  CM  insulated  with  two 
walls  of  felted  asbestos  and  a high-dielectric  varnished 
cambric  insert,  with  a heavy  asbestos  braid  overall. 

A few  of  the  IBS  different  wires,  cables,  and  cords  designed 
for  severe  or  unusual  operating  conditions  by  Rockbestos. 
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One  of  the  easiest  low-cost  methods  of  keeping  ‘on  the 
ball’  in  the  race  for  product  acceptance  is  to  give  a little 
extra  consideration  to  the  selection  of  the  carted  wire  for 
your  particular  application.  Don’t  pick  it  by  size,  rating, 
appearance  and  price-insist  on  lasting  performance  under 
any  and  all  conditions  and  you’ll  build  a reputation  for 
dependability  that  will  bring  increased  sales. 

A little  wire  can  make  your  product  look  pretty  bad  if 
it  fails  to  stand  up  in  service,  and  savings  of  a few  cents  or 
dollars  won’t  mean  much  if  your  customers  aren’t  satisfied. 
A few  avoidable  trouble-starters  are  mentioned  above- 
others  not  to  be  overlooked  are  excess  voltage  drop  in- 
adequate current  carrying  capacity,  and  the  burrs  and  tight 
bends  that  may  abrade  the  insulation  during  installat.on. 

Let  us  help  you  protect  your  product’s  performance  with 
permanently  inflated  wires,  cables  and  cords  resistant  to 
heat!  flame,  moisture,  oil,  grease,  corrosive  fumes  or 
alkalies  125  different  constructions  to  select  from  and 
£Sstos  Research  will  gladly  work  up  a “special”  to 
meet  your  specific  requirements  if  a standard  won  t do.  For 
SnLing  assistance  and  samples,  write  the  nearest 
district  office  or: 

ROCKBESTOS  products  corporation 

426  NICOtt  SHUT,  NEW  HAVEN  «,  CONN. 
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CALCULATOR 


GENERAL  ELECTRIC 


a captive  gasket  seal.  The  unit  is 
designed  for  such  applications  as 
frequency  standards,  timers,  meas- 
uring equipment,  frequency  meters, 
carrier  current  and  other  applica- 
tions where  an  accurate  source  of 
low  frequency  is  required. 


GET  THE  HELP  OF 
EXPERTS  ON 

SHOP  TOOLS  & 
EQUIPMENT 


Calculator 

Allied  Radio  Corp.,  833  W.  Jack- 
son  Blvd.,  Chicago  7,  111.,  has  re- 
leased a new  parallel-resistance  and 
series-capacitance  calculator  which 
is  essentially  a slide-rule  device,  de- 
signed to  provide  a rapid  and  ac- 


SHOP  and  tool 
room  prob- 
lems can  be 
solved  with  ut- 
most speed  and 
efficiency  with 
the  aid  of  W-J 
production  engi- 
neers. This  staff 
of  long  experi- 
enced experts  is 
qualified  to  ad- 
vise you  not  only 
on  standard 
methods  and  ma- 
chinery but  also 
o n remarkable 
new  techniques 
and  equipment. 
Among  a long 
list  of  fine  pro- 
duction items, 
W-J  has  in  stock 
ready  for  imme- 
diate delivery 
such  products  as 
Die-less  duplicat- 
ing tools,  drills, 
blowers,  saws, 
grinders,  shop 
boxes,  tool  tend- 
ers, and  many 
wonder  - working 
electronic  de- 
vices. Let  us  dem- 
onstrate their  ap- 
plication, or  mail 
the  coupon  for 
detailed  informa- 
tion. 


curate  means  of  determining  the 
reciprocal  of  the  sum  of  two  recip- 
rocals as  expressed  by  the  formula 
1/x  = 1/a  + 1/b.  A single  setting 
of  the  slide  automatically  aligns  all 
pairs  of  a and  b values  which  will 
satisfy  the  equation  for  any  given 
value  of  x.  The  calculator  indicates 
the  numerous  pairs  of  resistors 
which  may  be  connected  in  parallel, 
or  capacitors  in  series  to  provide 
any  required  resistance  or  capaci- 
tance value.  It  is  priced  at  25  cents. 


Voltage  Control  Unit 

Superior  Electric  Co.,  Bristol, 
Conn,  announces  a new,  compact 
and  portable  source  of  variable  a-c 
voltage,  designated  as  Voltbox.  By 


SEND  FDR 
THIS  NEW 
BUYER'S 
GUIDE 


STATi 


simply  connecting  the  unit  to  a 
single-phase  outlet,  an  output  vari- 
able from  zero  to  above  line  voltage 
can  be  obtained.  Accurate  voltage 
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Make  them  anywhere  you  like... 
BRUNING  Black  and  White  Prints! 


• No  special  room -no  special  set-up -is  needed  to 
make  these  easier-to-read  Bruning  Black  and  White 
Prints.  With  the  Bruning  75-159-B  Volumatic  Printer 
Developer,  for  instance,  you  can  make  BW  Prints  in 
your  drafting  room-engineering  department-or  pri- 
vate office.  No  plumbing— because  BW  Prints  require 
no  washing  and  are  delivered  ready  for  use. 

Bruning  BW  Prints  give  you  exact  positive  repro- 
ductions of  your  tracings— black  on  white.  That  s why 
notes  and  corrections  show  up  so  much  more  clearly 
on  a BW  Print  than  on  a blue  print . . . why  BW  Prints 
save  time  and  trouble  in  reading  and  checking.  Re- 
member, there  is'  up-to-date  Bruning  Printing  and 
Developing  equipment  for  every  need— no  matter  how 
large  or  how  small  the  quantity  of  prints  you  produce. 
Send  for  our  free  new  booklet  showing  how  and  why 
BW  Prints  can  save  you  time  and  money. 


On  the  75-J59-B  Volumatic  Printer-Developer , BW 
Print s can  be  made  on  sheets  cut  to  the  exact  size  of 
your  tracings  to  save  trimming  and  svaste,  ®r  /™» 

\7l  st  “kfyou  prefer.  A ^^dTtilTh  BW 

also  tor  large-volume  roll  slock  production.  The  BW 
enced  Persons  quickly  learn  to  make  BW  Prints. 


CHARLES 

NEW  YORK 
Atlanta 
Kansas  City 
St.  Louis 


1 


BRUNING  COMPANY,  INC. 

Sinco  1897 
CHICAGO 


Boston 
Milwaukee 
San  Francisco 


Detroit 

Newark 

Seattle 
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The  28000-29000  Series 
Variable  Air  Capacitors 

"Designed  for  Application,"  double 
bearings,  steatite  end  plates,  cad- 
mium or  silver  plated  brass  plates. 
Single  or  double  section  .022"  or 
.066"  air  gap.  End  plate  size:  1 9/  16" 
x 1 11/16".  Rotor  plate  radius:  Va" . 
Shaft  lock,  rear  shaft  extension,  spe- 
cial mounting  brackets,  etc.,  to  meet 
your  requirements.  The  28000  series 
has  semi-circular  rotor  plate  shape. 
The  29000  series  has  approximately 
straight  frequency  line  rotor  plate 
shape. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAl|4  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


setting  to  1 percent  is  assured  by 
an  easily  read  voltmeter  displayed 
on  the  face  of  the  Voltbox.  Over- 
loading is  prevented  by  the  use  of 
a circuit  breaker  which  also  serves 
as  an  “on-off”  switch.  Model 
U-1000  (the  letter  U designates 
unregulated)  operates  from  a 115- 
volt  line  to  deliver  an  output  vari- 
able from  zero  to  135  volts  at  7.5 
amp,  while  Model  U-800  has  twice 
the  voltage  rating  and  an  output 
current  of  3.0  amp.  For  line  volt- 
ages which  fluctuate  to  the  extent 
that  it  is  impossible  to  set  and 
hold  the  voltage  to  a prescribed 
value,  regulated  Voltboxes  (Type 
R-500)  are  available.  This  unit  is 
similar  to  the.  unregulated  types 
except  that  a voltage  stabilizer  is 
included  in  the  unit.  R-500  oper- 
ates on  115-volt  lines  with  a maxi- 
mum output  of  500  va. 


Universal  Meter  Scales 


Thermoplastic  Material 


GOULD-MOODYI 


Professional  Quality 


“HC”  universal  meter  scales  are 
used  when  converting  0-1  milliamp 
or  more  sensitive  meters  into  multi- 
meters reading  a-c  or  d-c  volts, 
ohms  from  one  hundredth  of  an 
ohm  to  infinity  and  milliamperes  in 
a sufficient  number  of  ranges  to  sat- 
isfy any  electrical  measurement 
purpose.  These  scales  are  repro- 
ductions of  individual  precision 
calibrations  and  are  made  in  four 
types  for  each  of  three  different 
meters:  Weston  (Model  301), 

Jewell  (Pattern  88)  and  Triplett 
(Model  321),  making  12  different 
scales  in  all.  They  are  reproduced 
on  white  and  platinum  Bristol 
board.  Plain  milliammeter  scales, 
made  only  for  Weston  Model  301 
meters,  are  available  in  the  follow- 
ing ranges:  0-25,  0.50,  0-100  and 
0.300  milliamp,  dc.  Each  scale  sells 
for  25  cents.  R.  E.  Nebel  Labora- 
tory, 1104  Lincoln  Place,  Brooklyn, 
N.  Y. 


Seal  1 


ALUMINUM 
INSTANTANEOUS 
RECORDING  BLANKS 


Monsanto  Chemical  Co.,  St.  Louis 
4,  Mo.,  has  begun  volume  produc- 
tion for  the  military  of  Styramic 
HT,  a new  thermoplastic  which 
holds  its  shape  and  strength  at  rela- 
tively high  temperatures  (distor- 
tion point  is  236  deg.)  and  which 
has  high  insulating  qualities.  The 
material  is  easily  molded. 


Technological  advancements 
brought  about  by  our  wartime 
assignments  provide  critical  en- 
gineers with  "Black  Seal"  blanks 
of  improved  cutting  and  repro- 
duction qualities  plus  more 
satisfactory  play-back  life. 


Rapid  Deliveries  to 

Broadcasting  Stations 
Recording  Studios 
Motion  Picture  Sound  Studios 
Schools  and  Colleges 
Governmental  Agencies 


Old  Aluminum  Blanks  Recoated  with 
“ Black  Seal"  Formula  on  Short  Notice 


395  BROADWAY.  NEW  YORK  13,  N.  Y 
Cable  Address:  Recordisc,  New  York.  N.  Y. 
Export  Dept:  Royal  National  Company,  Inc. 
89  Broad  Street,  New  York 
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KAYGREY  me 
insulator 


KAYGREY  formed 


PABRICATED  PASTS  used  to  Insulate 
l capacitor*,  loudspeakers.  antenna  systems 
cod  other  radio  components  are  now  "in 
wo,*t"  in  Rogers'  (abricating  division.  The 
radio  industry  has  seen  that  it  can  advan- 
tageously use  Rogers- Bold — and  can  have 
Sogers  lorm.  draw,  pundh,  bend  and  shape 
S***  tough,  high-dielectric  materials.  Rogers 
designs  and  produces  the  necessary  dies  in 
**  0WB  tool  and  die  shop.  The  Sogers  "you 
eame  it  well  make  it"  slogan  applies  to 
•Pedal  lahrtratlng  as  well  as  to  special 
hhrous  and  plastic  materials.  And  it  applies 
now. 
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To  learn  more,  check  and  modi: 

□ Send  me  the  ROGERS  EXHIBIT  BOX.  con- 
taining fabricated  parts  and  samples 
of  Rogers- Bor d. 

□ Hare  a Rogers  representative  bring 
samples  and  fabricated  parts. 

□ We  are  enclosing  blueprint  for  sug- 
gwrtions  and  quotation. 

NAME  AND  TITLE. 


ADDRESS 

ROGERS  CORPORATION 

Formerly 

The  Rogers  Paper  Manufacturing  Co. 

107  Mill  St.  Manchester,  Conn. 


•DUBOK  ROOBBS  • BOBD 

Purified,  non -cotton,  colluloeo  libers 
havs  now  boon  wot -laminated  into 
a now  high-strength,  high-dielectric 
material  with  the  lowest  extractlblee 
ever.  Data  on  thin  eloctricjd 
ing  surprise  are  contained  in  This  is 
Durok”  Write  lor  it. 
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DURO  motor 
slot  cell 


rjsi 


DUROK  capacitor 
can  liner 


BAYRU  packing 
list  protector 


parts  fabricated 

BY  ROGERS 


It  is  impossible  for  delicate  instruments  such  as  those  used  on  c 
planes,  radios,  or  in  the  electronic  field  to  take  jars,  jolts,  shocks, 
and  vibration  and  still  maintain  their  accuracy  or  function  efficiently  j 
for  any  length  of  time. 

Harris  Mounts  cradle,  cushion  and  protect  instruments  by  absorb- 
ing up  to  90  per  cent  of  this  "rough  going"  which  is  the  death  f 
knell  to  sensitive  precision  made-instruments. 

Harris  mounts  are  rugged,  yet,  extremely  light  in  weight.  They  are  f 
made  in  accordance  with  Army-Navy  standards  to  suit  any  combi- 
nation of  weight,  frequency,  deflection,  or  operating  condition  and  j 
come  in  plate  and  cup  form.  Send  in  for  free  Bulletin  Series  1022,  b 
giving  complete  data  on  Harris  Mounts. 

Our  engineers,  long  experienced  in  the  field 
of  engineered  vibration  control,  will  gladly 
work  on  your  problem  with  your  engineers. 

Just  drop  us  a line. 


PRODUCTS  COMPAN 

CLEVELAND  4 , OHIO,  U.  S.  A. 
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• What  do  we  have  in  common?  What  does  the  earth 
have  that  I can  claim,  too?  It’s  a permanency  of  energy 
content  that  staggers  the  imagination!  Although  learned 
scientists  have  been  arguing  for  years  on  the  subject, 
"How  old  is  the  earth  and  how  long  will  it  last?”,  they 
all  talk  in  figures  that  sound  like  the  public  debt.  What- 
ever it  is,  it’s  a long,  long  time  that  the  earth  has  existed 
and  will  last  and,  mysteriously.  I’ll  last  just  as  long. 
Unless  abused  or  used  as  I shouldn’t  be,  my  energy  con- 
tent will  never  lessen  no  matter  how  long  I am  asked 
to  provide  a magnetic  flux. 


Permanency  of  energy  content  is  a good  reason  for  all 
designers  of  apparatus  requiring  a magnetic  flux  to  make 
use  of  the  permanent  magnet . . . More  about  permanent 
magnets  is  given  in  our  booklet,  PERMANENT  MAG- 
NET DESIGN.  Why  not  send  for  a copy? 


STAMFORD,  CONNECT-' it. 
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ROUND  AND  FLAT 
WIRE  SPRINGS 


in  nos 

CUPS  HOOKS  * BENDS 
UGHT  ITAMPINGS 


UNIFORMITY 
CLOSE  TOLERANCES? 

At  the  Reliable  plant,  our  method  of  scientific  quality  control  is 
based  upon  mathematically  determined  uniform  frequencies  of 
dimensional  deviations.  If  this  sounds  complex,  well,  perhaps  it  is — 
but  it's  the  system  that  safeguards  Reliable  Springs,  so  that  fidelity 
to  specifications,  within  given  tolerances,  actually  approaches  the 
absolute.  Load  factors,  dimensions,  squareness  of  ends,  and  other  characteris- 
tics are  rigidly  controlled  by  statistical  sampling.  This  painstaking  inspection 
and  testing  process  reduces  to  a safe  formula  the  hazards  to  which  all  spring 
production  is  naturally  subject.  The  final  result  is  uniform,  dependable  spring 
performance. 

Reliable  makes  all  types  of  springs  of  round  or  square  wire,  or  strip,  as  well  as 
wire  forms  and  light  stampings.  Reliable  service  to  manufacturers  is  kept  at  a 
high  level  by  an  easily  accessible  and  elastic  organization  of  engineers  and 
spring  makers,  always  alert  to  your  individual  demands. 

Advise  is  of  year  requirements.  Catalog  44  sent  on  request. 

THE  RELIABLE  SPRING  & WIRE  FORMS  CO. 

Clmlaid  »,  Ohio  • *uprei«n*a«y»i  Is  Priaclpal  CMe« 


summon  aid  from  a point  1000  miles 
or  more  distant.  The  equipment  in- 
cludes a self-contained  power  gen- 
erator (which  replaces  storage  bat- 
teries), and  two-way  radiotele- 
graph and  radiotelephone  facilities. 
The  equipment  automatically  trans- 
mits SOS  ahd  radio  direction  finder 
signals.  Radiomarine  Corp.,  75 
Varick  St.,  New  York,  N.  Y. 

Improved  Converter  Line 

Among  the  war  application  de- 
velopments which  have  been 
adopted  for  all  units  are  the  new, 
special  brass  alloy  slip  rings  with 
which  Carter  Motor  Co.,  1608  Mil- 
waukee Ave.,  Chicago,  111.,  has  now 
equipped  all  units  in  its  dc  to  ac 
converter  line.  Output  of  the  units 
has  been  increased  from  150-watt 
capacity  to  a 225-watt  capacity. 


Battery  Receptacle 

A NEW  THREE-CONTACT  battery  re- 
ceptacle conforming  to  Army-Navy 
Specifications  AN2552  has  been  re- 
leased by  Cannon  Electric  Develop- 
ment Co.,  3209  Humboldt  St.,  bos 
Angeles,  Calif.  The  fitting  mates 
with  any  standard  AN2561  plug> 
and  is  adaptable  to  aircraft  start- 
ing equipment  and  other  uses.  Four 
combinations  are  available. 


Lifeboat  Radio 

New  lifeboat  radio  equipment, 
complete  with  helium  - filled 
balloon  which  supports  the  antenna, 
is  shown  here  being  demonstrated 
by  cadet  midshipmen  of  the  U.  S. 
Merchant  Marine  Academy.  By  re- 
leasing the  balloon  to  the  300-foot 
limit  of  the  antenna  wire,  the  crew 
of  an  abandoned  ship  is  able  to 
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For  Measuring  Frequencies  Between  30  and  3,000 Me 


The  new  G-R  Type  720-A  Heterodyne  Fre- 
quency Meter  has  all  the  operating  conven- 
iences of  a broadcast-band  type  instrument, 
with  a range  of  30  to  3,000  Me.  Heterodyne 
methods  offer  several  advantages  over  the 
conventional  resonant  type  of  meter.  The 
fundamental  frequency  can  be  low  enough  to 
insure  stability  difficult,  or  impossible,  to 
obtain  with  the  resonant-circuit  instrument. 
The  heterodyne  meter  has  much  greater  sen- 
sitivity and  consequently  requires  much 
less  r-f  power  to  operate. 

. The  fundamental  frequency  of  this  new 
instrument  is  continuously  variable  between 
100  and  200  Me.  Frequencies  above  and 
below  this  range  are  measured  by  the  use 
of  harmonics.  The  tuning  element  is  a butter- 
fly circuit  with  rotor  ball-bearings  and  no 
sliding  contacts.  The  fundamental  range  is 
direct-reading  in  megacycles  with  a dial  scale- 
length  of  15  inches.  One  division  of  the 
auxiliary  dial  corresponds  to  a frequency 
change  of  100  parts  per  million. 


The  built-in  detector  is  a silicon  crystal 
Type  1N21B.  Usually  no  auxiliary  pick-up 
is  needed  except  when  frequencies  above 
1,000  Me  are  being  measured  it  may  be  neces- 
sary to  adjust  the  input  antenna  which  is 
mounted  on  the  front  panel. 

A three-stage  amplifier  is  provided  to  pro- 
duce indication  on  the  panel  meter  when 
strong  signals  are  received.  Audible  beats 
are  simultaneously  heard  in  the  small  speaker 
mounted  behind  the  panel.  A jack  is  provided 
for  plugging  in  headphones  for  weak  beat 
notes. 

The  complete  instrument  is  self-contained. 
Its  price,  with  batteries  and  spare  crystal  is 
$250.00.  At  present  this  meter  is  available 
only  for  top-priority  war  orders.  Reservation 
orders  for  future  delivery,  however,  are  being 
accepted. 

For  complete  information  see  the  G-R 
EXPERIMENTER  for  July,  1945. 


GENERAL  RADIO  COMPANY  Massachusetts 

90  West  St.,  New  York  S S20  S.  Michigan  Ave.,  Chicago  5 1000  N.  Seward  St.,  Los  Angeles  38 


Ionics  194S 


Digitized  by 


Google 


305 


YOU  CAN'T  GO  WRONG 


Remote  Tuner 

Model  no.  EP6  is  a remote  tuning 
attachment  for  practical  re- 
mote control  for  communica- 
tion receivers. , The  . attach- 
ment gives  the  operator  pre- 
cise and  perfect  control  once  the 
receiver  has  been  tuned  to  the  ap- 
proximate frequency. 

Illustrated  is  the  front  view  of 
control  panel  carrying  a line  ampli- 
fier, loudspeaker  and  voltage-regu- 
lated power  supply  for  remote 
tuner  operated  from  110  volts,  60 
cycle.  Units  for  other  voltages  and 
frequencies  are  available  on  special 
order.  The  frequency  of  the  remote 


* BUY  WAR  BONDS  * 


KESTER  SOLDER  COMPANY 


4204  WRIGHTWOOD  AVENUE,  CHICAGO  39,  ILL 


Eastern  Plant:  Newark,  N.J.  Canadian  Plant:  Brantford,  Ont 


KESTER 


KESTER  FLUX 

_ _ Wester  makes  the  RIGHT  Flux  for  every  kind  of  solder-bond. 

Delicate  dfp-soldered  electrical  connections,  sweating  operations,  various 
..L,  all  demand  a different  and  correct  flux  if  they  are  to  be 
p«manent*  Mid'  resist  shock,  vibration,  bending,  contraction,  and  expansion 
without  failure ! 

. Because  for  46  years  Kester  has  pioneered  in  the  field  of  solder  and  flux. 
Kester  engineers  and  technicians  have  laboratory-tested  a vast  range  of 
ftaesfo?  every  possible  requirement.  You  can’t  go  wrong  with  Kester 

flux. 

. Because  you  can  consult  Kester  engineers  at  any  time  for  practical,  experi- 
enced  help  They’ll  gladly  suggest  the  right  flux  to  protect  your  product.  A 
fetter  today  will  bring  expert  Kester  assistance— with  no  obligation. 


A— On-Off  Switch 
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lattf  fewer  Switch 
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receiver  is  adjusted  by  a tuning 
control  (c)  which  varies  the  capaci- 
tance of  a small  capacitor  connected 
across  the  oscillator  capacitor  o 
the  receiver.  The  band  spread  con- 
trol and  voltage-regulated  power 
supply  (b)  adjusts  the  width  of  the 
band  covered  by  a 300-deg  rotation 
of  the  tuning  control.  (A  band 
width  of  40  kc  is  considered  sui- 
ficient  to  take  care  of  frequency 
drift  in  either  the  receiver  or  W 
transmitter  or  to  tune  out  other  1 - 
terfering  stations  if  possible, 
standard  two-wire  telephone  loop, 
not  exceeding  3000  ohms, 
used  to  connect  the  remote  con 
panel  with  the  receiver  tuning  uni 
One  pair  carries  the  remote  con- 
trol voltage  and  the  audio  sign 
The  amplifier  is  supplied  wittt 
500-ohm  input.  Special  eqiuP® 
is  available  for  longer  Imes-  , 
on-off  switch  is  designated  by 
(d)  is  the  volume  control,  W 
phono  jack,  and  (f)  the  P*t 
A 4-page  bulletin  from  Elec 
Products  Co.,  Ltd.,  673  Homer  St, 
Vancouver,  B.  C.  describes  1 
and  contains  data  on  Mod 
tuner. 
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Terminal  jacks  for  war- 
needed  radios  — screw- 
machined  from  rod  stock 
—were  lagging  behind  other  parts. 
Expediters  called  on  Scovill  to  break 
bottleneck. 

Scovill  did  just  that  by  shifting  to 
gh-speed  stamping  of  sheet  metal, 
is  change  in  technique  stepped  up 
production  greatly  . . . cut  down  on 
^P’  always  a problem  in  screw 
Machine  operations  . . . turned  out 
eminently  satisfactory  work  . . . low- 


. . . and  disconnected  a tie-up 

ered  costs  by  a substantial  margin. 

Scovill  Electronents* 
may  also  save  time  and  money  for  you 
Maybe  your  small  electronic  com- 
ponents or  large  assemblies  can  bene- 
fit from  Scovill’s  versatility  in  forging, 
drawing,  stamping,  heading,  or 
machining  all  kinds  of  metals  and 
ScovilPs  impartiality  in  choosing  the 
one  method  that  will  make  your 
Electronents*  faster  and  better  for 
less.  For  further  details  of  ScovilPs 
designing  service  and  manufacturing 


ability,  send  for  literature.  Use  the 
coupon  below  and  mail  it  today. 

‘Electronents  = Electronic  Components 


MANUFACTURING  COMPANY 

WATERBURY  91,  CONN. 

. J 


Kn<^  me  * f™  copy  of  "Masters  of  Metal  ” booklet  de- 
annl;™-^°Ur  fac**'ties.  I am  interested  in  the  ELECTRONENT* 
Wucauons  checked. 


n»  , □ Dials 

'rV  nr?0rdChanSer8  □ Escutcheons 

* □ Jacks 

•?.  aCondensers  □ Lug, 

0ther  application, 


f 


□ Panels 

□ Sockets 

□ Stampings  (misc.) 

□ Tubes 


SCOVILL  MANUFACTURING  COMPANY 

Electronic  Division 

22  Mill  Street,  Waterbury  91,  Connecticut 

Name  

Company 

Address  
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Tube  Sockets 

A NEW  SERIES  of  transit 
receiving  tube  sockets  n 
Mykroy  (a  mica  ceramic! 
ation  which  will  not  cari 
otherwise  deteriorate  in  1 
or  electric  arcs  and  flasho 
elude  standard  4,  5, 6 anc 
types,  octal  and  loctal  s 
and  7 prong  acorn  sockets, 
high-voltage  rectifier  socl 
improved  heavy-duty  "50 
Sockets  are  produced  by 


sion  molding  and  are  of 
construction  featuring  spr 
phor  bronze  contacts  am 
the  sockets  so  that  they 
and  non-turning.  An  8-p» 
tin  (No.  104)  entitled 
Parts  and  Accessories  1 
tronic,  Radio  and  Radai 
contains  complete  informi 
illustrations  of  sockets,  tt 
and  accessories.  Write  f 
Mechanics,  Inc.,  70-88  Clift 
Clifton,  N.  J. 


your  requirements  . . . police,  airline  or 
mobile,  ground  to  air,  base  to  branch, 
field  . . . ERCO  provides  complete  service 
design,  manufacture  and  installation  of 
ment  that  is  engineered  specifically  to 
meet  YOUR  needs.  We  invite 
your  inquiry. 


SL  has  a maximum  res; 
megohm  and  measures 
Both  resistors  are  furm 
standard  tolerance  of  i 
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Fiberglas  Tying  Cords,  ranging 
in  size  from  1/64"  to  are  an 
important  part  of  the  complete 
line  of  Fiberglas  Electrical  Insu- 
lation Materials.  They  are  being 
widely  used  for  all  types  of  tying 
purposes  on  electrical  equipment, 
or  where  high  strength  tension 
member  is  required. 

Universally  adaptable  Fiberglas 
Cords  provide  all  of  the  advan- 
tages inherent  in  Fiberglas,  such 
as : heat,  moisture,  acid  resistance, 
and  exceptionally  high  tensile 
strength-to-sizeratio.  F orexample, 
the  minimum  breaking  strength 
of  1/32"  Fiberglas  Cord,  number 
EC5-1,  is  66  lbs.,  that  of  %*  cord, 
number  EC5-8-T,  is  274  lbs. 

Does  many  Jobs . . . Better 

Fiberglas  Tying  Cords  are  widely 
used  for  banding  field  coils; 

for  wrapping  string  bands  on 
small  armatures;  for  protect- 
wg  front  of  the  commutator 
V-ring  from  flashovers  on  mo- 
tors; as  banding,  on  the  V-ring 
extensions  on  some  d-c  equip- 
ment; as  filling,  in  winding  cer- 
tain coils;  for  reset  strings;  and 
for  tying  slot  insulation  in  place. 
It  is  also  used  to  lash  ends  of  coils 
ln  ,ar?e  motors  and  generators, 
and  to  hold  spacer  blocks  in  place. 


In  general,  Fiberglas  Cords  are 
from  three  to  five  times  as  strong 
as  ordinary  electrical  twines. 
Therefore,  Fiberglas  Cords, small- 
er in  size  than  cords  of  other  ma- 
terials, can  be  used  for  many 
applications. 

Treated  or  Untreated 

Treated  cord  is  used  primarily  for 
its  increased  knot  strength  and 
abrasion  resistance.  For  general 
applications  in  the  construction 
or  repair  of  electrical  equipment, 
the  treated  cord  is  preferred. 
Where  space  is  to  be  filled,  re- 
gardless of  strength  requirements, 
the  untreated  cord  is  frequently 
used. 

Complete  Information 

The  new  Fiberglas  catalog  EL44-7 
gives  performance  and  applica- 
tion data  of  interest  to  anyone 

concerned  with  electrical  insula- 
tion— also  facts  about  Fiberglas 
Tapes,  Fiberglas-Insulated  Wire 
and  Cable,  Fiberglas-Mica  com- 
binations and  other  Fiberglas- 
base  Materials.  Write  for  a copy 
today,  and  ask  for  the  name  of  me 
supplier  located  nearest  to  you. 

Ou/ens-Coming  Fiberglas  Cor- 
poration, 1860  Nicholas  Building, 
Toledo  1,  Ohio. 

In  Canada,  Fiberglas  Canada  Ltd., 
Oshawa,  Ontario. 


Fiberglas 


•T.  M.  Reg.  U.  S.  P»t.  Ofi. 


FUCmiCAl  INSULATION  MATERIALS 


. *' ' 


on 


o 


Used  moit  frequently  became  of 
iti  high  strength-to-size  ratio — or 
ihown  In  thi«  stator  tying  appli- 
cation. 


There  is  a 

FIBERGLAS 

Insulation  Material 
for  every  need 


Fiberglas  Tying  Cords  are  avail- 
able in  sires  from  1/64"  to 
in  1/64"  increments. 


Fiberglas  Tying  Cords  are  wide- 
ly used  for  banding  commutator 
leads,  and  over  V-ring  extensions. 


Write  for  catalog  EL  44-7,  today. 


Each  distributor  of  Hberglos-base  Insu- 
lation Materials  bos  bis  own  source  of 
supply,  since  Owens-Coming  Fiberglas 
Carp,  does  not  process  tbese  mat trials. 
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PAN-ELect  ronics  LAB  oratories,  Inc. 


500  Spring  St.,  IN.  W.,  Atlanta,  Georgia 


An*  T9«-  ELECTRONICS 


Here's  the  Heart 

of  Postwar  Radio 


Crystal-clear  reception  is  a requisite  feature  to  the  American 
public  in  its  postwar  radio  sets.  And  crystal  control,  as  you 
know,  is  a positive  and  dependable  answer  to  avoidance  of 
strays,  static  and  other  undesirable  signal. 

Pan-El  is  ready  now  to  work  with  any  radio,  fm  or  other 
electronic  device  manufacturer  who  knows  the  importance 
of  engineering  crystal  control  into  his  postwar  circuits.  Our 
stair  of  Electronic  Engineers,  veterans  now,  is  always  at  your 
service,  and  eager  to  help  you  take  full  advantage  of  the 
quality  our  crystals  can  bring  to  your  apparatus.  We  are  in 
quantity  production  even  of  the  most  difficult  types. 


Ionization  Gage 


Precision-Televac  ultra  vacuum 
gage,  designated  as  type  E-31,  is 
the  result  of  years  of  research. 
Electrical  leakage  is  completely 
eliminated  and,  when  used  with  a 
moderately  high-speed  pumping 
system,  the  gage  outgasses  itself. 
Filament  is  automatically  protected 
before  and  during  operation,  since 
current  will  not  enter  filament  be- 


fore pressure  of  1 micron  has  been 
established  and  turns  off  automat- 
ically if  pressure  rises  above  1 mi- 
cron. Gages  are  interchangeable 
without  recalibration  and  are  guar- 
anteed for  1000  hours.  Bulletin  No. 
450-R  illustrates  and  describes  a 
complete  line  of  Televac  precision 
instruments.  Precision  Scientific 
Co.,  1750  N.  Springfield  Ave.,  Chi- 
cago 47,  111. 

Recording  Galvanometer 

This  galvanometer  utilizes  a S-in. 
long  tapered  recording  pen  whic 
• actuated  by  a permanent  magn 
penmotor.  The  pen  is  Pyre*  tippe 
and  records  directly  in  ink  ( 
moving  paper  chart)  the  press  • 

vibrations,  strains,  currents  ana 
voltages  of  frequencies  from  U.c. 
120  cps.  It  has  no  overshoot  P 
70  cps  at  a maximum  swing  amp  - 
tude  of  20  mm  each  side  of  cen 
line.  Frequency  response  is  tla 
70  cps,  accurate  to  120  cps.  T 
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START  to  FINISH  insures  AEROVOX 


for  measuring  ca- 
senes  resistance,  leakage  and 
characteristics  of  elecirolylics. 


Obtaining  the  characteristics  of  aluminum  foil 
samples  in  order  to  insure  uniform  Aerovox 
quality  of  each  unit  throughout  production. 


CAPACITOR 


• Inspection -especially  when  backed  by  critical 
instrumentation- insures  Aerovox  Capacitor  Crafts- 
manship. 

With  Aerovox  elecirolylics.  for  example,  produc- 
on  is  checked  from  start  to  finish  — from  the  pre- 
caecinng  of  each  constituent  material  used  in  the 
p™<luction  of  electrolylics,  to  the  checking  of  com- 
aderUti10*18  *°r  ®lectrical  amd  physical  char- 

®®cau*®  °I  fhe  extra-critical  inspection  standards, 
st  oi  the  lest  equipment  is  designed  by  Aerovox 


engineers  and  built  in  their  own  engineering  labo- 
ratories. Hundreds  of  such  exclusive  Aerovox  in- 
struments are  in  daily  use  on  the  production  line 
— instruments  seldom  seen  outside  a laboratory  — 
mounting  guard  at  every  step  from  raw  material  to 
finished  product. 

• • • 

It  is  such  outstanding  inspection  routine,  along 
with  skilled  and  conscientious  workmanship,  plus 
engineering  judgment,  that  accounts  for  that  widely 
recognized  Aerovox  Capacitor  Craftsmanship. 


• Literature  on  request. 


1 


-N,  NEW  BEDFORD.  MASS.,  U.  5.  A. 

—rl:  13  E-  NEW  You*  1 6.  N.  Y.  • Cable:  ARLAB' 
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INDIVIDUALLY  TESTED 

Sales  Offices  In  All  Principal  Cities 
In  Canada:  AEROVOX  CANADA  LTD.,  Hamilton.  Ont 
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Seasoned  people  — 
not  "Pearl  Harbor 
babies"  — are  in  our 
production  army.  For 
war  or  peace,  Super 
Electric  transformers 
and  radio  coils  are 
controlled  by  the 
same  high  quality 
standards. 


power  supply  with  voltage  regu- 
lator to  adjust  for  normal  suppb 
variations.  Specifications  are. 
range  -20  to  +20  vu  meter  read- 
ing; extreme  range  —40  to  +23  vu, 
including  full  meter  scale;  stand- 
ard reference  level  1 mw  into  60 
ohms ; variation  with  frequency  i* 
rated  less  than  0.2  db  between  30 
and  15,000  cycles.  The  unit  » 
mounted  on  a panel  for  use  in  stand- 
ard relay  rack.  The  Daven  Co.,  191 
Central  Ave.,  Newark,  N.  J. 


Component  Aid 
For  manufacturers  of  capacitors, 
can  liners  are  available  which  are 
fabricated  with  scores,  punches  and 
slits  to  the  exact  specifications  ot 
the  manufacturer.  Liners  are  avail- 


Super  Electric 
Products  Corp. 


1057  Summit  Av„  Jersey  City.N.  I. 

Transformers  for:  Power  • Audio  Frequency  • luminous  Tubes 


able  in  various  insulating  ' 
including  drawtex,  hitex,  *)eam' 
kraft,  kraftage,  fish  paP**8’  . 

Howard  J.  Moore  Co.,  108 
Row,  New  York  7,  N.  Y. 
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the  chart.  Impedance  of  penmotor 
is  1500  ohms.  Maximum  sensitivity 
is  1.1  mm  per  volt,  1.6  mm  per  ma, 
21  volts  full  scale.  Overall  dimen- 
sions of  the  unit  are  5x4x11  in. 
The  Brush  Development  Co.,  3405 
Perkins  Ave.,  Cleveland  14,  Ohio. 


Volume  Level  Indicator 

Although  designed  primarily  for 
use  across  balanced  lines,  this  in- 
strument (designated  as  Type  920 
for  low-level  indication)  will  also 
permit  either  side  of  bridged  lines 
to  be  grounded.  The  unit  utilizes 
a copper-oxide  type  indicating 
meter  adjusted  for  deliberate 
pointer  action,  a meter  zero-adjust- 
ing control  and  a heavy-duty  metei 
range  control  variable  in  steps  of 
2 vu,  100  to  130  volt,  60-cycle  a-c 
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RECORD  CHANGERS 


will  have 


FEWER  MOVING  PARTS 


Awarded  to  the  J.  f.  Seeburg  Corpora- 
tion  for  outstanding  production  of  woi 


FOR  POST-WAR  REQUIREMENTS 


40  YEARS  OF  EXPERIENCE  AT  YOUR  SERVICE 


. and  makes  it  with  a high <*e9' 

‘cooperation  bom  olour  concent 

^etogwartWB  rigid  requueme 

from  raw  stock  to  completed  rten 

Le  enrbraces  every  iacibtylo.pl 
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BACK  THE  ATTACK  - - BUY  MORE  WAR  B' 


GOOD  MEDICINE 

for  your  control  or  protection  problems 


KLIXON  Snap-Acting  CONTROLS 


A quick,  clean  “break”  or  a solid  “make  . . . that  s what  you 
get  when  you  use  Klixon  Snap-Acting  Controls  in  such  applications 
as  motor  and  transformer  overheat  protection,  electrical  circuit 
overload  protection,  thermal  time  delays  or  temperature  control 
for  radio  equipment.  These  small,  compact,  lightweight  controls 
operate  surely  and  accurately  no  matter  how  often  they  operate. 
Because  they  have  no  toggles,  or  other  complicated  parts,  they  give 
foolproof  control  or  protection  even  under  vibration,  shock,  motion 
or  altitude.  They  are  available  in  a wide  range  of  standard  types 
with  ratings  to  meet  practically  all  requirements  . . . and  in  sizes 
that  can  easily  be  incorporated  into  most  mechanical  design  plans. 

Our  engineers  will  gladly  help  you  with  your  control  or  protec- 
tion problems.  Write  for  their  services  today. 

SPENCER  THERMOSTAT  COMPANY  • atuiboro,  massachusitts 


Type  C-7220  Precision  Snap 
Switch  12  amps.  30  Volts  D.  C.» 
125  Volts  A.  C. 


Type  C-2851  Thermostat.  For 
such  use  as  Roughing  Controls  on 
Outer  Crystal  Ovens. 


Type  ER  Series.  Ambient  Compen- 
sated Time  Delay  Relays. 


Type  B-3120  Thermostat  and 
Heater, Crystal  Dew  Point  Control. 


l 

1 


1 


c , Type  C-6363 
Switch  Circuit  Breaker 


t C-4351  Thermostat.  Used 
rube  Warming,  Tube  Cooling. 
\i  Limit  Controls,  etc. 


Type  RT  Thermostat.  Adjustable 
Temperature  Control. 
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is  the  verdict  of  radio 
engineers  who  have 
specified  Blaw-Knox 
Vertical  Radiators  and 
Antennas  for  an  imposing 
number  of  important 
stations  employing  * 

AM,  FM  and  VHF. 


ALSO,  Blaw-Knox  has  sup- 
i plied  Towers  for  Direc- 
tional Radio  Beacons  to  guide 
all  air  transport  service  in 
the  United  States,  as  well  as 
military  electronic  develop- 
ments still  on  the  restricted 
lists  . . . For  strict  adherence 
to  your  specifications  plus 
wide  experience  in  structural 
design  and  fabrication,  you 
can  count  on  Blaw-Knox  to 
complete  a contract  which 
will  prove  "more  than 
satisfactory.” 


Dual  Channel  Oscilloscope 

One  of  the  features  of  this  oscil- 
loscope is  that  it  is  possible  to  ob- 
serve two  separate  phenomena  on 
the  same  cathode-ray  tube  screen 
simultaneously  without  the  use  of 
an  electronic  switch.  Two  separate 
channels  feed  into  a single  5-in. 
cathode-ray  tube.  Both  beams  on 
100  per  cent  of  the  time  result  in 
a maximum  brightness  of  trace. 


Intermodulation  is  minimized  by 
the  use  of  two  channels  which  are 
isolated  from  each  other.  The  in- 
strument (Model  E-2G)  can  be  sup- 
plied with  a cathode-ray  tube  hav- 
ing screens  of  medium  persistence 
green  (PI),  long  persistence  green 
(P2),  white  (P4),  and  short  per- 
sistence blue  (P5  or  Pll).  Elec- 
tronic Tube  Corp.,  1200  E.  Mermaid 
Ave.,  Philadelphia  18,  Pa. 


New  Tubes 

Three  manufacturers  announce 
tubes  as  follows : 

Chatham  Electronics,  475  Wash- 
ington St.,  Newark  2,  N.  J.  Type 
3B28  inert  gas-filled  rectifier  tube 
is  rugged  and  is  designed  to  operate 
over  wide  variations  of  ambient 
temperature  without  the  use  of  tem- 
perature control  devices.  Ratings 


BLAW-KNOX  DIVISION 

of  Blaw-Knox  Company 
2077  FARMERS  BANK  BLDG. 


MW 


are:  Peak  inverse  voltage  10,000 
volts,  peak  plate  current  1.0  amp, 
average  plate  current  0.250  amp, 
tube  voltage  drop  10  volts.  Fila- 
ment current  is  5.0  amp  at  2.5  volts. 
At  500  cycles  or  less,  the  peak  in- 
verse voltage  rating  is  6,500  volts 
at  2 amp  peak  plate  current,  0.5 
amp  average  plate  current.  Base  is 
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Many  types  of  reinforced  plastics  are  called  plastics  because  the 
plastic  coating  or  covering  bulks  larger  than  the  base.  Holliston 
Processed  Cloths  differ  from  the  usual  conception  of  plastics  because 
the  base  usually  bulks  larger  than  the  resin  and  because  the  plastic 
and  structural  materials  are  not  laminated  or  combined,  but  are  made 
integral  through  impregnating  or  inter-mesh  filling.  However,  in  mo- 
dernity, utility  and  effect,  Holliston  Processed  Cloths  are  special  pur- 
pose plastics  and  should  be  valued  as  such,  even  though  bought  by 
the  yard  instead  of  by  the  piece  or  pound. 

of  Holti, ton  Processed  Cloths  os  "flexible  plastics"  They  range  in  weight  from  tissue-thincombrics 
to  coorse,  rugged  burlop,  and  possess  special  functional  and  or  decorative  characteristics.  They  may 
folded,  creased,  sewn  or  cemented.  Consider  them  as  a possible  solution  of  materials  problems  ,n 
POltwar  planning. 

Consult  our  Research  Department. 

The  HOLLISTON  MILLS,  Inc. 

Processors  of  Cloth  for  Special  Purposes 

NORWOOD,  MASSACHUSETTS 

Sales  Agents  in  Principal  Cities 


Cloth  Bound 

A doth  bound  book  b bound  to  bo 
kept  — bind  your 

CATALOG  — SALES  MANUAL  — 
INSTRUCTION  BOOK,  ETC. 
in  HOLLISTON  Book  Cloth  — dur- 
able, impressive,  hard-to-soil,  easy- 
to-deon. 

Write  for  samples. 

Consult  your  printer. 


SPECIAL  FINISH 

HOU.ISTON  special  finish  dofhs  meet 
special  needs  — 

TRACING  CIO  TH  — PHOTO 
CLOTH  _ RUBBER  (PROCESSING) 
CIOTH  _ BOOK  CLOTH  — 
SHADE  CLOTH  — SIGN  CIOTH 
— TAG  CLOTH. 

Cloth  combined  with  special  com- 
pounds,  filled,  impregnated,  coated 
to  form  a material  with  charac- 
teristics of  a plastic  ond  the  flexible 
strength  of  o woven  fobric. 
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★ Jet  propulsion  promises  great 
things  for  aviation — today  and  tomorrow. 

Years  of  research  and  experimenta- 
tion are  behind  jet  planes,  which  embody 
the  latest  advancements  in  aircraft  engines. 

Naturally,  only  materials  with  the 
demonstrated  ability  to  meet  the  rigorous  demands  of 
modern  aircraft  applications  are  used.  We  take  pride  in  the 
fact  that  C.M.H.  Stainless  Steel  Bellows,  both  small  and 
extra  large,  are  being  used  in  jet  propulsion  engines.  For 
C.M.H.  is  making  sure  that  its  products  are  keeping 
pace  with  the  changing  needs  of  aviation  . . . and 
other  industries  as  well.  Write  the  Chicago  Metal  Hose 
Corporation  today  for  Form  SS  B 2 on  which  to 
submit  your  bellows  requirements.  It  will  save  you  time  . . . 
assure  more  accurate  transmittal  of  essential  data. 


medium  4-pin  bayonet  type.  Top 
cap. 

Amperex  Electronic  Corp.,  79 
Washington  St.,  Erooklyn  1,  N.  Y. 
Type  283  transmitting  tube  de- 
signed for  use  as  class  C oscillator 
or  amplifier  or  for  generating  r-f 
power  at  frequencies  up  to  30  Me. 
Filament  voltage  is  rated  24  volts; 


current  70  amp;  thermionic  emis- 
sion 16  amp;  amplification  factor 
52;  direct  interelectrode  capaci- 
tance : grid  to  plate  24  ggf,  grid  to 
filament  22  ggf,  plate  to  filament 
1.5  ggf. 

Taylor  Tubes,  Inc.,  2312  Waban- 
sia  Ave.,  Chicago,  111.  Type  822-S 
high-power  triode  with  a frequency 
application  limitation  of  30  Me.  The 
tube  is  designed  for  peak  perform- 
ance in  all  r-f  services,  diathermy 
and  class  B audio.  It  may  also  be 
used  in  induction-heating  applica- 
tions. Electrical  characteristics  are; 


Filament  10  volts  at  4 amp ; ampli- 
fication factor  30;  plate  dissipation 
200  watts.  Interelectrode  capaci- 
ties: grid  to  plate  13.5  ggf,  grid 
to  filament  8.4  ggf ; plate  to  filament 
2.1  ggf.  Maximum  overall  length 
is  9 in.  Plate  dissipation  150  watts, 
power  output  600  watts,  driving 
power  17  watts. 


OUTSTANDING  FEATURES  OF  C.M.H.  STAINLESS  STEEL  BELLOWS 

• Highly  resistant  to  hoot. 

• Corrosion  resistance  of  18-8  Austenitic  Stainless  Steel. 

• Pressure-tight  for  searching  liquids  and  gases. 

• Have  the  strength  for  high-pressure  service. 

• Uni-metal  assemblies  ...  do  away  with  the  hazards  of  solder. 


Flexible  Metal  Hose  for  Every  Industrial  Use 


II 


CHICAGO  fflETRL  HOSE  Corporation 

I I ■ ■ 1 mRVUIOOD.  ILLINOIS 


mflVLUOOD,  ILLINOIS 

.Plants!  Maywood  and  Elgin,  IN. 


Multi-band  Cathode-Ray  Tube 

Type  5RP  (designation  assigned  by 
RMA)  multi-band  cathode-ray  tube 
is  of  the  hot-cathode,  permanently- 
sealed,  high-vacuum  type  and  is  for 
use  in  ultra-rapid  writing  rates. 
Subdivision  of  the  intensifier  ele- 
ment provides  a controlled  gradient 
allowing  a total  accelerating  poten- 
tial of  17,500  volts  to  be  employed 
with  only  slightly  reduced  deflec- 
tion sensitivity.  The  tube  permits 
recording  at  writing  rates  in  excess 
of  2500  km/sec  (using  a 35-mm 
camera  with  an  f 1.9  lens)  corre- 
sponding to  sine-wave  transients  a 
40  Me.  Allen  B.  DuMont  Laos., 
Inc.,  2 Main  Ave.,  Passaic,  N.  J- 
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Particularly  sensitive  to 
blue  and  violet  light.  KMA 
spectral  aenaitivity  desig- 
nation  S-4.  5- Pin  baae  in- 
terchangeable with  other 
similar  tubes. 


Rectifier  designed  to  meet 
rigid  Army  and  Navy  apec- 
ificationa.  Incorporatea 
numerous  improvements 

insuring  efficiency,  rugged- 
ness and  long-life. 


4 


Grid  control  Rectifier 
(Thyratron)  especially 
suited  for  industrial  use, 
such  as  handling  primary 

currents  of  small  resistance 
welders — motor  control, etc. 


CE-23f»  is  a half  wave  Ar- 
gon-filled Rectifier  with 
screw  base,  sturdily  con- 
structed for  long,  depend- 
able service. 


Cetron  Rectifiers  are  available  in  gas  and  mercury  filled,  both  full 
and  half  wave  types  in  a wide  range  of  ratings. 

Cetron  Phototubes  are  produced  by  us  to  take  care  of  almost 
every  situation  . . . over  50  types,  both  blue  and  red  sensitivity. 

Continental's  long  experience  and  careful  production  methods 
insure  you  the  utmost  in  satisfaction  from  all  the  many  types  of 
tubes  we  make.  Write  for  complete  catalog. 


CHICAGO  OFFICE.  188  W.  Randolph  Street 
NEW  YORK  OFFICE,  285  West  14th  Street 
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ALL  CIRCUITS  OF  THE 
LTECH  WIND  TUNNEL 


About:  Measuring  dials  recording 
forces  and  momenu  through 
control  panel  of  Cannon  Connec- 
tors. Ltft:  Special  Cannon  Con- 
nector for  portable  control  and 
recording  unit.  Below:  Cannon 
Plugs  used  on  measuring  and  re- 
cording machines  designed  and 
installed  by  International  Busi- 
ness Machines  Corporation. 


TRIC 


l Angeles  31,  California 

ring  Office: 

•d, Toronto 

our  Local  Telephone  Book 
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Coaxial  Cable  Grooving  Tool 

Illustrated  is  a coaxial  cable 
grooving  tool  which  is  designed  to 
expedite  the  work  of  radio  engi- 
neers and  maintenance  men.  It 
makes  better  soldered  splices  in 
5-in.  coaxial  cable  and  can  also  be 
used  to  make  strong  soldered  joints 
on  5-in.  diameter  tubes  used  in 
plumbing,  heating  and  refrigera- 


tion. Easy  and  fast  to  operate,  the 
tool  makes  spun-in  grooves  in  the 
splicing  sleeve  that  grip  the  outer 
conductor  firmly.  This  operation 
makes  a secure  joint  and  prevents 
the  solder  from  entering  the  cable. 
Easily  replaceable  cutting  wheels 
are  used  to  cut  the  outer  conductor. 
Andrew  Co.,  363  East  76th  St, 
Chicago  19,  111. 

Selenium  Rectifiers 

Type  K selenium  rectifiers  which 
do  not  show  any  effects  of  salt  spray 
after  100  hours  of  operation  at  50 
deg  C are  announced  by  Selenium 

Corp.  of  America,  1719  W.  P>c0 
™ , x a nr  Poiif  The 


manufacturer  has  used  a new 
method  of  assembly  and  coating 
technique.  The  new  coating  pro- 
tects the  selenium  barrier  layer 
from  within  and  preserves  its  recti- 
fying properties  indefinitely, 
also  protects  the  barrier  layer  from 
exterior  attacks  by  salt  spray, 
fungi,  mercury  vapor  and  other 


War  Restricted  Developments 
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in  TELEVISO  Series  200A 
Vacuum  Tube  Voltmeter 


TELEVISO,  pioneering  in  the  production  of  measuring  appa- 
ratus for  the  SONIC  to  UHF  SPECTRUM,  has  specialized  in  build- 
ing dependable  Vacuum  Tube  Voltmeters. 


A necessity  wherever  dependable  voltage  measurements  within 
the  range  of  7 cps  to  500  megacycles  are  required — the  Televiso 
Series  200A  VT  Voltmeter  is  highly  accurate  and  stable. 


FEATURES: 


SUPERSENSITIVE  RANGE — the  lowest  readable  voltage  is  .05  volts  on  a maximum 
scale  range  of  .5  volt. 


FIVE  VOLTAGE  RANGES — .5,  2,  15,  50,  150 — spread  full  scale  on  a 41/*"  meter 
dial  for  easy  reading.  Accuracy  of  readings  are  2%  full  scale;  middle  scale  accu- 
racy is  5%  or  better. 


PROBE  CONSTRUCTION— detachable  probe  to  eliminate  cable  wear;  easily  dis- 
mantled for  tube  replacement  or  for  soldering  to  tube  terminals  for  measurements  in 
the  250-500  MC  region;  flat  Vi"  wide  brass  terminals  connect  to  input  to  make  easy 
soldering  to  test  or  work  piece;  for  low  frequency  work  up  to  100  MC,  removable 
banana  plugs  are  spaced  %"  center  to  center  for  use  with  standard  jacks. 


MECHANICAL  CONSTRUCTION — of  aluminum  throughout;  panel  and  cabinet 
are  lA"  thick  (cabinet  is  dural.)  ; sub-chassis  is  Vs"  and  spaced  off  the  panel  by  studs 
to  simplify  servicing;  all  components  are  fastened  to  sub-chassis. 


ELECTRICAL  CONSTRUCTION  AND  CIRCUIT— Series  200A  utilizes  the  finest 
components  throughout  and  carries  a two  year  guarantee.  The  circuit  is  a stable 
plate  circuit  rectifier.  No  diode  input  tube  is  used.  The  plate  circuit  rectifier  type 
makes  available  higher  input  impedance  at  all  frequencies.  No  shortening  of  input 
probe  is  required  for  zero  adjustments.  All  zero  adjustments  are  made  once  and 
remain  constant.  A panel  adjuster  is  available  to  make  the  unit  usable  without  heat- 
ing up  time.  All  filament  and  plate  voltages  are  transformer  and  tube  regulated. 


BUILT-IN  CALIBRATION  VOLTAGE— All  units  have  a jack  which  produces  a 
constant  6.3  volts  for  standardizing.  This  is  the  regulated  filament  voltage.  The 
sensitivity  can  be  adjusted  without  tools  in  the  event  tubes  are  replaced  in  the  field. 
The  Series  200A  will  operate  satisfactorily  from  any  source  of  voltage  from  95  to 
130  volts  ac.  Line  voltage  surges  are  not  observable  during  use. 


SIZE— 14"H  x 9Vz"W  x 7%"D.  Guaranteed  2 years.  Price  $170.00  F.O.B.  Chicago. 


corrosive  fumes.  Recent  tests  by 
the  manufacturer  consisted  of  a 3- 
min  spraying  of  the  selenium  recti- 
fiers with  a 20  percent  salt  solution 
at  55  deg  C,  followed  by  a 3-min  air 
blast  at  55  deg  C,  the  cycle  being 
repeated  continuously  throughout 
the  entire  100-hr  test.  A strong 
ultra  violet  light  was  continuously 
played  on  the  rectifiers  during  the 
length  of  the  test.  Results  showed 
no  corrosion  nor  variation  in  elec- 
trical characteristics.  The  illustra- 
tion shows  the  rectifiers  suspended 
in  a salt-spray  testing  tank. 


Medium-Duty  Power 
Switches 


CENTRALAB’S  new  “J”  switch  series 
for  power  applications  for  trans- 
mitters are  in  production  and  will 
be  available  from  stock,  in  one  to 
five  sections,  with  shorting  or  non- 
shorting type  contacts.  In  addition 
to  complete  units,  sections  and  in- 
dexes will  be  available  separately 
for  individual  assembly  in  any  de- 


■ 
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sired  combination.  All  units  will 
furnished  with  adjustable  stops  for 
limiting  the  desired  number  of  P°' 
sitions.  Switches  will  have  single- 
hole bushing  mounting,  with  tie- 
rod  extensions  to  act  as  locating 
keys  and  for  additional  support  in 
mounting.  Bulletin  No.  185  is  aval  - 
able.  900  E.  Keefe  Ave.,  Milwaukee 
1,  Wis. 


\ftC 

7466  IRVING  PARK  ROAD  CHICAGO  34,  ILLINOIS  f 
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Vacuum  Tube  Voltmeter 

A new,  completely  universal  vac- 
uum-tube volt-ohm-milliammeter  is 

announced  by  McMurdo  Silver  o., 
1240  Main  St.,  Hatford,  Conm  in 
instrument  is  called  “Vomax  a 
has  12  d-c  voltage  ranges  («• 
through  3000  volts)  at  input  resis- 
tances of  50  and  125  megohms, 
a-c  voltage  ranges  cover 
through  1200  volts,  all  at  6.  me 
ohms  and  8/x/j.f  input  loading, 
of  these  ranges  are  calibrated 
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through  +50  db  for  power  output 
measurements.  Six  d-c  ranges  fa- 
cilitate measurements  from  50  mi- 


croamperes through  12  amperes. 
Six  zero-left  resistances  ranges 
cover  0.2  ohms  through  2000 
, megohms.  The  a-c  response  is  flat 
to  5 per  cent  over  the  range  of  20 
cycles  to  above  100  Me.  One  zero- 
set  knob  serves  for  all  ranges  and 
I need  be  set  but  once  for  all  39 
I ranges.  The  instrument  has  only 
live  different  scales  on  the  48-in. 
meter.  All  circuits  are  dual-tube, 
automatically  balanced  against  line 
voltage  variation  and  tube  aging. 
A removable  diode  r-f  probe  is  used 
in  the  instrument. 


Limits  Bridge 

Model  81  low-kange  limits  bridge 
is  self-contained  and  is  one  of  a 
series  of  units  for  the  rapid  com- 
parison of  large  quantities  of  resist- 
ors having  comparable  values.  It 
is  manufactured  by  Associated  Re- 
search, Inc.,  231  S.  Green  St., 
Chicago  7,  111.  The  unit  is  capable 
of  testing  resistance  values  up  to 
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2000  pieces  an  hour,  and  any  item 
at  offers  ohmic  resistance  to  flow 
0 current  can  be  tested.  The  in- 
s rument  is  battery  operated  and 
Mtremely  flexible.  The  overall  ad- 

noonle  range  is  from  ’•  ohm  t0 
’ ohms.  Sensitivity  control 
ange  is  from  plus  or  minus  I pgr 
' n to  p[U8  or  mjnu8  iq  per  cent. 

*.  “nit  measures  8x8x12  in.  and 
Weikhs  18  lb. 
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ANOTHER 
SPECIAL  BY 
PROGRESSIVE 
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..  .««US  BUY  KOBE  WAR  BONDS 


Other  important  features  include: — 

1.  Compensated  for  ambient  temperature 
changes  from  —40  to  110  F. 

2.  Contact  ratings  up  to  115V-10a  AC. 

3.  Hermetically  sealed  — not  affected  by  al- 
titude, moisture  or  other  climate  changes  . . . 
Explosion-proof. 

4.  Octal  radio  base  for  easy  replacement. 
N5.  Compact,  light,  rugged,  inexpensive. 

6.  Circuits  available:  SPST  Normally  Open; 
SPST  Normally  Closed. 

WHAT'S  YOUR  PROBLEM?  Send  for  "Spe- 
cial Problem  Sheet"  and  Descriptive 
Bulletin. 


AMPERITE  CO. 


561  BROADWAY 
NEW  YORK  12,  N.  Y. 


* 

with 

porcelain 

heater 


In  Canada:  Atlas  Radio  Corp., 
560  King  St.  W„  Toronto 


with  heater  wound 
directly  on  blode 
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I Fluorescent  Tube  Achieve- 
D ment 

Lamp  engineers  who  developed  the 
circle  of  light  known  as  the  circline 
fluorescent  tube  topped  off  their 
achievement  by  making  both  ends 
meet  with  a 4-pin  plastic  base  (at 
top  of  lamp.)  The  new  base  is 


INVESTIGATE 


'Hetv  *?e<rfu>ie4 

added  to 

KURMAN  RELAYS 


Microphone 
Hummer 
Type  Z-7200 


74e  Ttieti  - 'fcttouut 


KURMAN  SENSITIVE  RELAY 


the  first  to  dcmonttrafe  the  superior  magnetic  prop- 
erties of  hydrogen-annealed  nickel  alloy  1 5 years  ago 
— again  introduces  an  outstanding  new  feature:— 

CHATTERLESS  OPERATION 

— obtained  through  cushioning  of  contacts  in  on 
energy  absorbing  material.  This  feature  enables  keying 
up  to  150  words  p.  m.  Mica  insulation  of  the  armature 
makes  the  relay  suitable  for  keying  50  m.  c.  RF  signals. 


25  YEARS' EXPERIENCE, 

a thoroughly  competent  staff  of 
Development  and  Design  Engi- 
neers, and  complete  manufactur- 
ing facilities  are  of  your  service 
when  you  submit  your  Relay 
problems  to  us. 


Write  for  details  on: 
KURMAN  LINE  OF  RELAYS 
KURMAN  VIBRATOR  CONVERTERS 
KURMAN  MICROPHONE  HUMMERS 


For  trouble-free 
operation  in  any 
climate  and  at  any 
desired  altitude, 

HERMETICALLY  SEALED 

relays  are  available,  either  of  plug- 
in type  or  equipped  with  solder  lugs. 
Some  of  these  relays  take  as  little 
space  as  2"  x l'/T  dia.,  and  have  up 
to  10  amps  current  capacity  due  to 
the  special  atmosphere  introduced  info 
the  container  under  pressure. 


KiiRmfln 


ELECTRIC 
C O. 


35-18  37th  STREET  • LONG  ISLAND  CITY  I,  N.  Y 


Wavd  \o  Gel? 


: Hmm  h*  w 


$ Harrison  usually  Has  for  Immediate  de-  * 
? livery , appropriate  stocks  of  critical  [ 
*>  Electronic  Parts  and  Equipment 

| RACK  CABINETS 

83/4  to  77"  panel  space. 

Also  a complete  stock 
of  chassis,  panels,  rack 
accessories  and  smaller 
steel  cabinets. 


HALLICRAFTERS 
S-39  PORTABLE 
RECEIVER 

AC— DC— Battery  ! 
9 tubes,  540  | 
KC  to  30.5  MC 


$110  complete. 


MULTIMETERS 

Triplet  1 200-E 
SUPREME  542 
TRIPLET  666- H 

RCA  195  Voltohmyst. 


FUSES 

8 AG  — 3 AG  — 4AG 

Moderate  quanti- 
ties of  all  stock 
current  ratings. 
Also  Holders  and 
Extractor  Posts. 


«■ Hh'.k  Oj’Imw 


CONDENSERS 

MICA  — PAPER -OIL 
ELECTROLYTIC 


RADIO  SOCKET 

fhe  favorite  yesterday,  the  favorite  lor  tomorrow 


\xm 

6 086 


• AW  FRANKLIN  MANUFACTURING  CORPORATION 
Sockets  . . . Terminal  Strips  . . . Plugs  . . . Assemblies 

• F W SICKLES  COMPANY 

Coils... I.  F.  Transformers... Antenna  Loops.. .Trimmer 
Condensers,  mica  and  air  dielectric  . . . Tuning  Units 

• ELECTRO  MOTIVE  MANUFACTURING  COMPANY 
Molded  Mica  Capacitors. ..Mica  Trimmer  Capacitors 


•Trotinq  The  IT  .hoped  bow  sprinq 
on  contact*  . J9H  and  39G  ..  .u«*d 
’ranklin'*  I trim  JJ  Socket* 


1 MMF  to 
4000  MFD 
6 Volt  to 
25  kilovolt 


A copy  of  our 

■V  MASTER 
BUYERS 
GUIDE 

FREE  to  tho«e  aiiotl- 
ated  with  priority 

purchasing. 

Harrison  service  is  the  byword  of  the 
Electronic  Industry  - Serving  faithfully 
since  1925 


RADIO  rORPOBATlfli 


12  WIST  BROADWAY  • HEW  YORK  CITY 
BARCLAY  7-9834 

JAMAICA  (RANCH  - 172-31  H.llt.dr  Arc  - 
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Digitized  by 


Transformer  Cases 

A NEW  LINE  of  standard  size  trans- 
former cases  is  available  in  quan- 
tity. Sizes  range  from  l}x  li  x 2ft 
to  5i  x 4i  x 6M  in.  They  can  be  fur- 
nished with  or  without  studs, 


pierced  covers,  brackets  or  chan- 
nels.  Olympic  Tool  & Mfg.  Co.,  Inc., 
ft  39  Chambers  St,  New  York  7,  N.  Y. 

Portable  Kilovoltmeter 

A new  Addition  to  the  line  of  port- 
able kilovoltmeter  made  by  the 
*'  Shallcross  Mfg.  Co.,  Collingdale, 

; Pa.,  is  known  as  No.  759.  This  in- 
! strument  has  5 ranges  that  provide 
1,  2,  5,  10  and  20  kilovolts  d.c.  at 
full  scale.  The  accuracy  of  the 
built-in  meter  is  plus  «r  minus  2 
percent  Several  new  features  are 
o'  incorporated  in  this  instrument 

i 

1 Vacuum  Tube  Voltmeter 

Series  No.  200-A  vacuum-tube  volt- 
| meters  for  voltage  measurements 
" are  accurate  and  stable  within  the 
ft  ranSe  of  7 cps  to  500  Me.  The  low- 
est readable  voltage  is  0.05  volt  on  a 


pfXimum  Bcale  range  of  0.5  volt. 
iQp  *'1™  voltage  ranges  (0.5,  2,  15,  50 
^ ^ 150)  are  spread  full  scale  on  a 

( meter  dial.  Accuracy  of 

Liajf®8  are  2 Parent  full  scale; 
1 e scale  accuracy  is  rated  5 


D0W-C0RNIN6  FLUID  <1200 

This  new  method  for  waterproofing  ceramic  surfaces  results 
in  increased  electrical  resistance  and  improved  performance 
of  equipment  under  conditions  of  high  humidity  and  con- 
densation. Application  of  Dow-Coming  Fluid  No.  200  to 

ceramic  bodies  coats  them  with  an  extremely 
thin  film  of  silicone.  It  will  adhere  effec- 
tively even  when  immersed  for  days  in  sea 
water  and  does  not  collect  dust  or  cor- 
rode metals;  nor  will  it  react  with  organic 
materials.  It  has  a power  factor  of  the 
order  of  .005%  and  is  effective  up  to 
150°C.  It  also  acts  as  a neutral' flux 
for  soldering,  and  is  not  removed 
by  contact  with  organic  solvents. 

For  further  applications  and  engi- 
neering data  write  or  phone 


PRODUCTION  ENGINEERING  C0RP. 

666  VAN  H0UTEN  AVENUE,  CLIFTON,  N.  J.  • TEL.  PASSAIC  2-5161 
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MODEL  79-B 

SPECIFICATIONS: 

FREQUENCY:  continuously  vai 
FULSE  WIDTH:  continuously  vc 
OUTPUT  VOLTAGE:  Approxin 
OUTPUT  IMPEDANCE:  6Y6G 
R.  F.  MODULATOR:  Built-i-  - 

r.f.  carrier  below  100  me. 

MISCELLANEOUS:  Displaced  sync 

pulse  width  dials,  117  volt 
wt.  31  lbs. 

Price:  $295.00  F.O.B.  BOONTON 


'able  60  to  100,000  cycles, 
iriable  0.5  to  40  microseconds, 
lately  150  volts  positive, 
cathode  follower  with  1000  ohm  load, 
in  carrier  modulator  applies  pulse  modulation  to 
me.  ' 

sync  output,  individual  calibrated  frequency  and 
volt,  40-60  cycles  operation,  size  14"xl0"xl0" 


Just  Published! 

TRANSMISSION  LI 
ANTENNAS 
AND  WAVE  GUID 


Immediate  Delivery 


By  Ronold  W.  P.  Kin| 

Associate  Professor  of  Physics  and  Oat 
cation  Engineering,  Harvard  Unlvwaltj 

Harry  Rowe  Mimno  g 

Associate  Professor  of  Physics  and  Coq| 
tion  Engineering,  Harvard  University 

and  Alexander  H.  Winj 

Lecturer  on  Electronics.  Harvard  Unit 
on  leave  from  the  School  of  Technolory 
College  of  the  City  of  New  York 

347  pages,  6 x 9,  134  figures,  K 

With  an  intensive  review  of  theory  as 
plied  use,  the  book  presents  transmlsstof 
from  the  high-frequency  point  of  viei 
antennas  from  the  point  of  view  of  •! 
magnetic  theory.  All  explanations  are  bu 
the  fundamental  laws  of  general  eled 
namics. 

Look  over  these  sections: — 

TRANSMISSION  LINES 

Nonresonant  Lines.  Transmission-Liar 
stants.  Dissipationless  Transmlwion I* 
Impedance  Matching.  Impedance  Matchn 
Means  of  Stubs.  Circle  Diagram. 
Transmission-Line  Equations. 

ANTENNAS 

A Qualitative  Introduction  to  General  WJ 
magnetic  Theory.  The  Driven  AnteaMtf 

Circuit  Element.  Coupled  Antennas  and* 
mission  Lines.  The  Receiving  Antenna  *M 
cuit  Element.  Electromagnetic  Field* 
tennas  and  Arrays.  Closed  Circuits  as  Ant* 

ULTRA-HIGH-FREQUENCY  CIRCUf 

Classification  of  Circuits.  TranamlsiMj 
cults.  Transmitting  and  Receiving:  W 
Using  Nonresonant  Circuits.  Resonant  t» 

WAVE  PROPAGATION 

See  it  10  days  • Send  coup 


FIRST  TO  POWER  100  WATT 
MOBILE  TRANSMITTER 


arterCi 


quipped!  IT 

Iransn!|j^  F^MobHe 

£ equ&ent.  M°6,/ * “""""'‘cation 

P SMt#uoI»ta,°9  and  trade  bulletin 
W sent  upon  request. 


McGraw-Hill  Book  Co..  330  W.  42nd  St.. 
Send  me  Kin*,  Mimno  and  Wins’!  TBJ 
LINES.  ANTENNAS  AND  WAVE  GUI 
days  examination  on  approval  In  W dan 
$3.50.  plus  few  cents  porta**.  or  return  « 


Vi04  Milwaukee 


• we"  known  name  in  radio  for  over  twenty 


«» UATM 


,by  4 rugged  magnets 

Ssrrffs? 

s-strs 

r USe  with  stage  presen- 
fahestras,  recording  pur- 
LoorP-a  systems.  Um- 
ficrophone  Co.,  Inglewood, 


icsrfl 


b Analyzer  Accessory 

_,j330BV,  designated  Rough- 
[Measuring  Head,  makes  a 
mplement  for  the  original 
jface  analyzer.  It  checks 
Jier  surface  finishes  and 
j in  metals,  glass,  plastics, 
ud  painted  materials  and  is 
irly  useful  on  turned  sur- 


■ The  pickup  and  drive  head 
“ily  measures  irregularities 
0 to  3,000  microinches,  peak 
J-  The  accessory  extends 
8 snd  range  of  the  original 
8 ^alyzer  from  1 to  3,000 
idles.  The  Brush  Develop- 
‘Co,  Cleveland,  Ohio. 


* (pW  E.  Keefe  Ave.,  Mil- 
r,Wis.)  announces  con- 
fiture capacitors 
table  in  any  desired 
“ "talent  between 
arts  per  million 
l,from  -750 
Ms  new 
tem- 


WALKER-TURNER  FLEXIBLE  SHAFTING 

Gives  Your  Designers  a Free  Hand 


Complicated  gear  systems  often  cramp  a designer's  style.  Fre- 
quently, it  is  practicable  to  replace  them  with  Walker-Turner 
Flexible  Shafting  in  applications  involving  remote  control  or  the 
transmission  of  light  power  loads.  Result:  lighter,  simpler,  more 
compact  assemblies! 

Every  step  in  the  design  and  manufacture  of  Walker-Turner  Flexible 
Shafting  is  directed  toward  producing  smoother  power  flow  and 
more  sensitive  control.  And  we  have  been  doing  it  for  many  years 
— in  manufacturing  our  own  flexible  shaft  machines  and  in  helping 
other  manufacturers  solve  their  flexible  shafting  problems. 

Write  today  for  our  latest  catalog. 

WALKER-TURNER  COMPANY,  Inc.  Plainfield,  New  Jersey 


rwalKer-i 
■urnei 

company  mi 
1 Pi«.n».ne.n 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


Digi 


ogle 
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EISLER  EQUIPMENT 

complete  and  diversified  for  every  phase 
of  electronic*  manufacture! 


IAJ  No.  600-KC3P.  50  KVA 
Preii  Typ*  Spot  Welder,  3 
Spot*,  Air  Operated,  18" 
Throat — a high  production 
unit. 


(B)  No.  57-81  New  Eiiler  8 
head  type  Tiplei*  Seoling 
Machine.  Adaptable  for  all 
type*  and  sizes  of  bulhi 


(C)  EISLER  Special  Trans- 


CHAS.  EISLER 

EISLER  ENGINEERING  CO 


751  SO  13rh  STREET  (Near  Avon  Avo.)  NEWARK,  NEW  JERSEY 


•clromc  tools,  machines  and  devices  is 
complete  and  diversified.  Included  are 
innumerable  types  0f  welders  — spot 

, fU"'  ''’I’!*''  °rm'  Pneum°lic  and 
P ,',Bes  Al«  deluded  ore  hundreds 

^ EISLER  serves 
ducers  today.  Wri 


completely  illustrated  cotalog. 


It  was  our  plan  to  publish  a l -a 
showing  many  of  the  interestUj' 
for  fractional  horse-power  root®1*^1 
generators,  complete  with  photo  -j,0; 
and  schematic  drawings— thoug 
voking  information  for  enginetU  31 J 
ning  their  post-war  products.  $ irk 
wrote  our  many  customers  and  ask  - 
information  along  those  lines, 
is  a typical  reply: 

I have  your  letter  in  which  ft 
quested  information  regarding  (L  X,  1 
of  "ELINCO"  products.  While 
attest  to  the  excellence  and  relic 
of  your  products,  unfortunately  1^ 
not  at  this  time  describe  any  sg 
application  of  such  units  baair-n? 
the  nature  of  my  work.  Durioj  3 pfj 
past  several  years  all  the  work  I 
done  has  been  of  a confidential  a®*-’ - 
and  one  cannot  easily  describe  tb 
plication  of  your  products  withoi 
vealing  the  nature  of  the  device.’ 

Obviously,  we  have  had  to  postpoa 
booklet.  However,  as  soon  as  a Cl 
release  can  be  obtained  to  describe:;-,  & 
many  fascinating  applications  aL  . 
products,  we  will  publish  out  la  • 
a copy  of  which  will  be  youts  lot 
asking. 

In  the  meantime,  we  will  welcome 
scriptions  of  uses  of  fractional  b •#  ] 
power  motors  and  generators,^  if, 
can  be  released,  and  will  be  delight! 
place  your  name  on  our  mailing  '-1- 
for  "Fractional  H.P.  Motors  and  ft  ;?  J# 
erators  . . . and  How  They  Are  0 jj  , 
when  we  are  able  to  publish  it. 


Consumers  don't  want 
plUC’UClV'appliances 


SOFT-RUBBER  PLUGS 


electric 

indicator 


united  states  rubber  company 

^foctu„v.  Selling  Ag,n„ 


109  Parker  Ave.  Gltnbrwk.  Ct 

SPEC  IALISTS  IN  THE  PE8IG.V  AND  WMj 
TION  OF  SPECIAL  PRECISION  FILUfl® 
HORSE- POWER  MOTORS  AND  OKNE*® 


ELECTRONI 


MHBS®®*5388  ^ ' 


Btruments.  Marion 
trument  Co.,  Man- 
jave  issued  a 12-page 
h explains  the  his- 
| advantages  of  their 

hermetically-sealed 

! electrical  indicating 


SlL  The  technical 
iSSbiiring  resources  of 
^Bectric  Supply  Com- 
Michigan,  Chicago, 
n^^Kmufacture  of  piezo- 
crystals  are  illus- 
l^^^ncribed  in  a 16-page 
^U^Hroed  “Quartz  Crystals 
^Kcy  Control.” 

f§»  Performance.  "Amperex 
Tor  Performance”  is  the  title 
Tort  informative  article  which 
Ifes  comprehensive  data  on  the 
§ cooling  performance  of  Am- 

■ radiators  which  are  used  on 

■ air-cooled  copper  anode  tubes 
ped  in  radio  transmitters  and 
■trial  electronic  heaters.  Am- 
| Electronic  Corp.,  26  Wash- 
*•  St,  Brooklyn  1,  N.  Y. 

rtor  NoB»raph.  This  pulse 
■“capacitor nomograph  (Tech- 

■ Bulletin  No.  11)  is  primarily 
WM  for  determining  the  volt- 
fa  ^otgh  a capacitor  used 
f“™Pilar  pulse  service,  but  as 
Intermediate  step  it  finds  the 
f nut  pulse)  energy  content, 
F be  sufficient.  Sprague 
LT i/®-  Engineering  Dept., 
P Adams,  Mass. 

^ester-  The  Midget 
^ for  testing  insulati°n  re- 

, ,,  ^mg  manufactured 

States  by  James  G. 

iSTT’  1211  Arch  st- 

Tgt  j I*  ^ Ea.  Bulletin  No 
%d«mbea  the  instrument. 

“Aiden’s 

SSVfl00se-Ieaf  sheets 

/J«fonn  the  reader  about  elec- 
m ponent8.  facsimile  equip- 

Jden  PrJ1?'68  and  facilities  of 
Co-  ll?  N.  Main 
^wckton  64,  Mass. 

*****-*««  „« 


X\ 


iTA 


MAKE  A TEST. . . 

for  transparency  and  sur- 
face qualities,  and  to 
prove  perfection  in  the 
base  fabric.  No  pinholes, 
weaver's  marks  or  varia- 
tions in  density! 


SET  MIND  AT  REST 

about  whether  your  draw- 
ings will  blueprint  clear 
and  sharp  in  every  detail 
. . . whether  they'll  defy 
time  and  handlinq.  They 
will! 


IE 


m 


THERE'S  JUST  ONE  "BEST' 


We  put  superior  qual- 
ity into  Arkwright  Trac- 
ing Cloths  years  ago. 
We've  maintained  uni- 
formity in  this  superior 
quality  ever  since. 
Arkwright  Finishing 
Company,  Providence, 
Rhode  Island. 


Sold  by  leading  drawing 
material  dealers  everywhere 


BSC-  /ft*  Vfr 

^Mwitiant 

/ tracing/cloths 

AMERICA'S  STANDARD  FOR  OVER  20  YEARS 


Digitized  by  Google 


ineers 


We  are  one  of  the  largest 
communication  and  electron! 
Pared  and  ready  to  go  ahe, 
program  as  quickly  as  we  a, 
Possibilities  for  creative,  am 
'■ons  both  in  research  dev. 
present,  we  are  


•Mllllliui 


!440  W.  GEOHW* 
■ i rrt  It  ILLI 


Pracifion  engineered  for  »iand- 
ard  or  special 

fnlat*  Trcg“,af  9>nt0ur'  Finish. 


A complete  and  diversified  line  of  E-l  4 5 6 7 e . 

rtsra  ,r.r  rr  H*r 

.h...  ,z.„ Kovar  e,#t,rod*  °nd 

»>9h.  chemical  bond  with  °b,0,UU  vacuum 

of  housing.  Multiple  Header*0*  l*°4  Hornes  integral  part 

specification— write  ^oday^*™  b*  «»  *>""  •» 


industries  • INC 

42  SUMMEK  AVENUE,  NEWARK  " ' 
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HERMETICALLY-SEALED 

multipli 
headers 

★ VACUUM  TIGHT  SEAL 

★ KOVAR  METAL  ELECTRODES 

★ PYREX  GLASS  BEAD 

★ MANY  STANDARD  TYPES 

★ fn.nr^E  T0  SPEC,f'CATIONS 

★ SOLDER  OR  WELD  EASILY 
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amplifiers 

intercoms 

RECORDERS 


Kfhthouse  Tube.  The  theory 
Mopnent  of  the  Lighthouse 
•disk-seal  electronic  tube)  is 
Ejn  publication  No.  ETR-7. 
Cnphlet  describes  the  basic 
fob  of  design  and  operation 
Ltube  and  its  advantages  in 
;n  and  other  fields  in 
Bk  spectrum.  General  Elec- 
« Tube  Div„  Schenectady. 


Write  for  This 
Important  New 
CONCORD 
Presentation 


j*.  Catalog  No.  10  gives  illus- 
bs,  fully  detailed  specifiea- 
l.  suggested  applications  and 
King  data  of  the  most  widely 
I relays,  solenoids,  magnetic 
■>  and  switch  parts  manu- 
al by  Guardian  Electric  Mfg. 

JlOOW.  Washington  Blvd.,  Chi- 

-1,1 


‘‘Sound  Equipment” — ready  now — a new 
up-to-the-minute  Concord  folder  illustrat- 
ing and  describing  our  complete  line  of 
Amplifiers,  Intercoms  and  Recorders 
AVAILABLE  FOR  IMMEDIATE  SHIP- 
MENT. 

Amplifiers — ranging  in  output  ratings  of 
17  watts  to  7 5 watts  A.C. — also  6-volt 
units  with  and  without  built-in  phono- 
graph. Complete  listing  of  speakers, 
microphones  and  essential  equipment  also 
inducted. 

Intercommunication  Systems — master  and 
sub-station  combinations  for  every  pur- 
pose from  2 to  100  stations.  Push  button 
control,  universal  operation,  “busy  sig- 
nal” and  “call  waiting  light”  features. 
Recording  Equipment — professional  type 
for  microphone  recording,  radio  record- 
ing, transcriptions,  public  address. 
Engineering  Service — Our  engineering 
service  is  at  your  command,  without  charge, 
to  answer  any  and  all  “Sound  Equipment” 
questions. 

Mail  the  coupon  below  for  your  copy 

-se?f  lift  cathJde  and  screen, 

low. 


ding  Apparatus.  The  several 
of  recording  apparatus  for 
• rJing  of  pressure,  temper- 
lime  (on-off)  or  any  process 
etion  contained  in  a 28-page 
11  released  by  Gorrell  & Gor- 
Heights,  111.,  manu- 
108  of  “Electrix”  recording 





wm-rube  and  Crystal  Rectifi- 
“ UHF.  A recent  copy  of  The 
"'^ter,  published  by  Gen- 
a 10  Co-  275  Massachusetts 
fridge  39,  Mass.,  contains 
"tide  entitled  ‘‘Vacuum-Tube 
Rectifiers  as  Galvano- 
BL*  Voltmeters  at  Ultra- 

r frequencies.” 


acorn  tube  is  now  matched  by 
of  a socket  which  will  permit 
The  design  employs  a gentle 
the  connections  without  threat  to 
pin  leads.  Get  all  data  for  future 


The  background,  uses 
capacitors  is  contained 
6 brochure  which  also 
istrations  depicting  the 
liters  in  war  equip- 
brochure  is  entitled 
Mors  in  the  War  and 
*•"  Solar  Mfg.  Corp., 
1 Ave.,  New  York  17, 
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Needhom,  Moss.  Chitogo  lo‘ 


Radio  Receivers  ortd  Irons"'  I 
Industrial  Electronic  !qu'P 
Airport  Radio  Control  tquip 
Marine  Radio  Telephone  Eqwf 


Your  inquit***  w* 


CORPORA!'1 
NEW  YORK 


( an  you  list* a 10,000  VOLT  PLASTICON 
Ve  Iht*  sizi*  «f  a rorivspoiiiliiig  paper  raparifor? 


LAVITE  SI-5  Steotite  Ceramic 

Compressive  Strength  96,000  lbs.  M 

Tensile  Strength  7.200  lt>».  pa 

Flexural  Strength  10,900  :m.  pa 

Modulus  of  Rupture 20.000  >b*.  m 

Dielectric  Strength  239  * 

Dielectric  Constant  . 6.42  I 

Loss  Factor  2.90  J 

Rower  Factor .446  I *1 

Bulk  Specific  Gravity  

Density  (from  above  gravity) ...  0.096  Ibf.  p 

Hardness  (Mohr  scale)  <2 

Softening  Temperature  

Linear  Coefficient  of  expansion 

Moisture  Absorption  (ASTM  0-1 16-42-A). 

Makers  of  electrical  and  radio  appaxal 
for  war  service  are  finding  in  LAVIT 
cise  qualities  called  for  in  their  if 

. . . high  compressive  and  dielecto 
low  moisture  absorption  and  resist* 
fumes,  acids,  and  high  heat.  The  exete 
loss*  factor  of  LAVITE  plus  its  txatt 
bility  makes  it  ideal  for  all  higft 
applications. 

We  will  gladly  supply  samples  I* 


Because  of  the  4400  volt 
per  mil  breakdown  voltage  of 
the  Plasticon  film  dielectric, 
high  voltage  Plasticons  are 
smaller,  lighter  and  more  eco- 
nomical than  paper  capacitors. 

*Plo«ticons— plastic  film  dielectric  capacitors 


PERMANENT  MAGNETS 


All  Shapes — All  Sizes — for  All  Purposes 

|i!i'  :|||h  COBALT-CHROME-TUNGSTEN 

. ' tU  \ Stamped,  formed  and  cast 

A LIra  I or  Sintmrmd  \ 
l W - j A 111  ICO  \uader  G.  £ Ueantal 

o ffjjk  d 'lly  Also:  Laminations  for  Radio  Transformers 

Jaf  TOOLS  — DIES  — STAMPINGS 

Wujj// Heal  Treating  of  Metals  and  Alloys 

OMAS  & SKINNER  STEEclo"r  °nyCTS 

1116  EAST  23RD  STREET  • INDIANAPOLIS  5,  INDIANA 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  Lists 


Probably  no  other  organisation  Is  as  well  equipped  as 
McGraw-Hill  to  solve  the  complicated  problem  of  list 
maintenance  during  this  period  of  unparalleled  change 
in  industrial  personnel. 

McGraw-Hill  Mailing  Lists  cover  most  mejor  Indus* 
tries.  They  are  compiled  from  exclusive  sources,  and 
are  based  on  hundreds  of  thousands  of  mail  question- 
naires and  the  reports  of  a nation-wide  field  staff.  All 
names  are  guaranteed  accurate  within  2%. 

When  planning  your  direct  mail  advertising  and  sales 
promotion,  consider  this  unique  and  economical  service 
in  relation  to  your  product.  Details  on  request. 

McGraw-Hill  Publishing  Co.,  Ir 

DIRECT  M***.  DIVISION 

330  Will  42nd  Shall  New  York,  18,  New  T 


■V'wsfc  V" 

He  G RAW-HILL 

DIRECT  MAIL  LIST  SERVICE 
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on  to 
] Radio 

Ticker.  Chief  Radi* 

■ mr  KVP  KVPA,  The 

j 322  pa^s’ 

circuit  components 
„ calculations  are  de- 
the  beginner.  The  phys- 
itions  for  electricity  and 
letism  are  presented, 
jtics  of  the  usually  en- 
nidio  resistors,  inductors 
itors  are  mentioned.  The 
itions  of  arithmetic  and 
l are  introduced  as  needed. 
Kirchhoff’s  laws  are  ap- 
circuits  composed  of  the 
being  discussed  and  solu- 
voltage  and  current  are 
by  means  of  the  accom- 
mathematics.  D-c  and  a-c 
[equipment  wiring,  and  in- 
are  also  described. 

to  Cooke’s  “Mathe- 
Electricians  and  Kadio- 
new  text  has  the  ad- 
including  descriptions  of 
components  and  quanti- 
1 it  more  self  contained ; 
further  into  the  use  of 
ic  functions  and  vec- 
solving  a-c  circuit  prob- 
wt  for  today’s  radio  tech- 
However,  this  combina- 
ical  circuit  considera- 
mathematical  circuit  so- 
Poorly  coordinated.  For 
page  116  a discussion 
heating  of  magnetics 
suddenly  and,  without 
given  to  the 
uns  are  introduced, 
much  assistance  given 
jn  understanding  the 
the  assertions,  as  on 
it  is  stated  that  the 
capacity  of  con- 
58  with  size.  There 
® about  conductor 
iture,  heat  dissipa- 
ilation  thermal  conduc- 
^ iQdicate  why  there 
ip  between  conductor 
capacity. 

II  on  Kirchhoff’s  laws 
which  the  whole  book 
been  patterned.  In 
3 giving  illustrative 
has  labeled  terms 
steps  of  the  solution 
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Yours  for  the  asking 


on 


A new  informative  booklet  on  gears. 
It  h as  illustrated  sections  \ 
practically  every  known  form  of  gearing, 
together  with  \ . many  reference 


tables  and  formulas.  Write  for  your  copy 


today  on  your  company  stationery.  \ 


uaker  City  Gear  Works 

INCORPORATED 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 
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The  Dongan  Line 
Since  Nineteen-Nine 


Can 


—On  a Better  Job 
and  a Secure  Career  in 
RADIO-ELECTRONICS 

Add  technical  training  to  your  practical 
experience  . . . then  get  that  better  job 
you  want! 

CREI  home  study  training  in  Practical 
Radio-Electronics  Engineering  equips  you 
with  the  ability  to  go  after — and  get — a 
better,  secure,  engineering  job. 

After  the  war,  will  come  the  period  of  the  I 
“survival  of  the  fittest.”  Employers  can  then  | 
once  again  afford  to  be  "choosey”  in  select- 
ing the  best-trained  men  for  the  best  iobs. 

In  our  proved  courses  of  training,  you 
learn  not  only  how  . . . but  why!  Your 
ability  to  solve  tough  problems  on  paper, 
and  then  follow  up  with  the  necessary 
mechanical  operation  is  a true  indication 
that  you  have  the  confidence  born  of 
knowledge  . . . confidence  in  your  ability 
to  get  and  hold  an  important  job  with  a 
secure,  promising  future.  . . . These  jobs 
are  waiting  today  for  radiomen  with  up-to- 
date  technical  training. 

Investigate  CREI  home  study  training  1 
now  . . . and  prepare  for  security  and 
happiness  in  the  coming  New  World  of  | 
Electronics ! 

• WRITE  FOR  NEW.  FREE  36-PAGE  BOOKLET  ] 

!f  you  have  had  profeuional  or 
amateur  radio  experience  and  want 
to  make  more  money — let  ui  prove 
to  you  we  have  something  you  need 
to  qualify  for  a better  radio  job. 

To  help  us  answer  intelligently  your  ' \l 

Inquiry  — PLEASE  STATE  w\ 

BRIEFLY  YOUR  BACKGROUND  M 

QF  EXPERIENCE.  EDUCATION 
AND  PRESENT  POSITION. 

CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

Home  Study  Courses  in  Practical  Radio-Electronics  ] 
Engineering  for  Professional  Self-Improvement 

Dept.  E-8,  3224  — 16th  Street,  N.  W. 
WASHINGTON  10,  D.  C. 

Contractors  to  LI.S.  Navy — U.S.  Coast  Guard — 
Canadian  Broadcasting  Corp.  Producers  of  Weil- 
trained  Technical  Rad;  w for  Industry 


TRANSFORMERS 

fan  ELECTRONIC 

APPLICATIONS 


We  are  completely  equipped 
for  volume  production.  Write 
us  concerning  your  require- 
ments. 


DONGAN  ELECTRIC  MFG.  CO. 

2977  Franklin  Detroit  7.  Mich. 


• INSTRUMENT 

housings 

• PANELS 

• CHASSIS 

• METAL  AND 
PLASTIC 
SPECIALTIES 


™ w "cm*  PMB 

*- 


STAMFORD  METAL  SPECIALTY  CO.,  428  BROADWAT,  N. 

'TfttXtU  7V<sx6  £uc-Uf  *DoicuJtUox 


HYDROGEN 

NITROGEN-OXYGEN 

complete  FORMING  MIXTURES 
gas  production  CARBON  DIOXIDE 
PLANTS  INSTALLED  ACETYLENE 

FOR  LOWEST  COST  HIGHEST  qualities  • amt  quantity I 
OPERATION  . . . delivered  anywhere 


AMERICAN  GAS  & CHEMICAL  CO. 

HARRISON,  NEW  JERSEY  • ContrecWd  Complete  S.mc  on  All  <v 


August  1945 -ELECTRO 
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*,eiieI.  and  has  asso- 

iTU«.  *- 

discussions  suffer. 
Arithmetic,  it  is  ex‘ 

l page  15,  deals  with 
fi  with  the  operations  of 
subtraction,  muitiphca- 
d division,  and  does  not 

i negative  numbers  (this 

italics).  To  the  techni- 
inconsistency  of  dealing 
digits  and  yet  using  divi- 
m which  fractions  will 
of  not  dealing  with  nega- 
iers  yet  using  subtraction 
in  itself  deals  with  nega- 
nnbers  and  frequently  pro- 
active numbers)  will  not 
wit  until  he  continues  his 
i in  more  precisely  written 

overall  presentation  is  thi 
itrary  statement.  There 
r no  causal  explanation  < 
iys  and  wherefores  of  ele 
behavior,  component  chara 
3 and  mathematical  pro 
As  an  illustration  of  th 
c style,  the  entire  sectic 
ling  to  describe  capacitam 
i of  the  statement  that  “T1 
ance  of  a condenser  depeni 
lumber  of  factors.  The  c 
Ite  of  a simple  two-plate  co 
: whose  plates  are  relative 
ad  closely  Bpaced  is  given  1 


,mKA 

IxF 


: apacitance  in  microfarads 
: dielectric  constant  of  di- 

C 

• area  of  the  dielectric  i 
! centimeters 

Sickness  of  the  dielectric  i 
Jr  (1  inch  = 2.54  cent 

! aIbitrary  “formation 
, edncational  value  < 
”2*  alone  such  lines 
^ intended  for  ref e 
only  books  that  net 

S”  dearly  why  the  fac 
are  so. 

is  suggested  for  hon 
11  “e  reader  learns  only  1 
1 » rudimentai 

of  components  and  atit 


Send  For  Descriptive  Bulletin 

COMMUNICATION 

MEASUREMENTS 

LABORATORY 

120  Greenwich  St.,  New  York  6,  N.  Y. 

Rotobridge  • Electronic  Generators  • Power  SupplyJ^^s 


CML  1420 

electronic  generator 

Frequency  stability  of  the  CML  1420  is 
better  than  2%  after  initial  warm-up. 
Maximum  distortion  at  full  output 
into  resistive  load  is  10%.  Regula- 
tion no-load  to  full  load  within 
4%.  Nominal  regulated  volt- 
age output  80-120- 135-2 1 5- 
255  or  270  volts.  Power 
input  115  volts  60 
cycles  1200  watts 
single  phase. 


POWER 

OUTPUT: 

250  Watts  Con- 
tinuous Duty 


FREQUENCY 

CONTROL 

Single  dial,  direct 
reading,  linear 
scale  in  4 ranges 
50-180;  170-600;  500 
1800;  1700-6000  cy- 
cles. 


FREQUENCY 

RANGE: 

50  to  6,000  Cycles 
in  4 bands 


Soffcsi 


fwr 
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Digiti! 


Compare  a 

modern  jewing  machine  wifh  the 
old-time  model  shown  here.  The 
difference  is  on  example  of  how 
careful  attention  to  design  brings 
about  a high  level  of  efficiency. 

Realizing  this,  design  is  one  of 
the  most  carefully  considered  fac- 
tors in  the  production  of  antennas 
at  THE  WARD  PRODUCTS  COR- 
PORATION. It  is  only  through  su- 
perior design  that  the  benefits  of 
experience  ond  the  finest  produc- 
tion facilities  can  be  best  brought 
to  the  user. 

For  the  finest  antennas  for  all 
applications,,,  for  home  and  au- 
tomobile use  ...  look  to  WARD. 


■vr 

Will  BOM 0 I ' 

THE  WARD  PRODUCTS  CORPORA^ 
1523  EAST  45TH  STREET  . CLEVELAND  3.  ( 


metic  from  this  book,  but  if  he 
hopes  to  learn  through  understand- 
ing he  had  best  look  elsewhere  for 
an  introductory  work.  This  criti- 
cism is  not  directed  solely  at  this 
book.  Altogether  too  many  books 
are  being  published  today  on  tech- 
nical subjects  that  do  not  explain; 
they  merely  describe.  A 300-page 
list  of  arbitrarily  stated  facts,  use- 
ful as  they  may  be  if  understood, 
does  not  constitute  an  introduction 
to  radio. 

What  is  needed  in  this  and  other 
growing  technical  fields  is  not  tech- 
nicians who  do  thus  and  so  because 
they  are  told  to,  but  young  men  who 
can  be  given  the  responsibility  to 
do  the  job  because  they  understand 
the  fundamentals.  It  is  the  func- 
tion of  an  introductory  book  to  ex- 
plain those  fundamentals;  there 
is  plenty  of  space  in  service  man- 
uals for  dictatorial  instructions. 

Nor  need  it  be  feared  that  tech- 
nicians cannot  learn  by  explana- 
tory treatment.  Rather — and  this 
has  been  the  experience  of  this  re- 
viewer in  teaching  technicians  at 
night  school — they  do  not  want  the 
what  without  the  why;  they  retain 
the  information  longer  if  they  have 
a sound  understanding  of  why  it  is 
so.  They  can — and  would  rather — 
learn  the  right  reason  instead  of 
some  simplified  but  false  or  incom- 
plete explanation. 

The  book  is  well  edited  and  ade- 
quately illustrated.  The  clear  typog- 
raphy and  pleasing  type  face  make 
it  readily  readable.  Boldface  para- 
graph headings,  and  italic  key 
words  and  important  statements  as- 
sist greatly  in  orienting  the  reader 
and  emphasizing  the  material. — F.R. 


A WEB-LIKE  PATTERN  of  650 
loudspeakers  carries  news  broad- 
casts from  WADC  to  workers  in  the 
plant  of  Goodyear  Aircraft  Corp.  at 
Akron,  0. 


WHEN  THE  WAR  ENDS,  an  esti- 
mated three  billion  dollars  worth 
of  radio  equipment  and  two  billion 
dollars  of  radar  apparatus  will  be 
declared  surplus  by  the  Army. 


DIAMOND  DIES  for  drawing  wire 
have  been  made  by  drilling  the  min- 
ute hole  with  an  electric  spark  from 
a platinum  needle  while  both  are 
immersed  in  a chemical  solution. 


One  of  the  largest,  most  com- 
plete lines  of  Electrical  Termi- 
nals available  anywhere,  is 
offered  you  by  Sherman.  Hun- 
dreds of  styles  are  available, 
and  others  are  constantly  being 
added.  Most  of  these  are  kept 
in  stock,  ready  for  quick  ship- 
ment. 

Sherman  probably  has  a 
stock  terminal  exactly  suited  to 
your  own  particular  require- 
ments. If  not,  we  would  be 
happy  to  have  you  submit  your 
specifications  to  our  engineer- 
ing departments. 

Sherman  also  makes  many 
other  high  quality  electrical 
fittings,  such  as  soldering  and 
solderless  lugs,  fuse  clips,  etc. 
Write  today  for  Sherman 
catalog. 


MB'S 


vo  atm 


H.  B.  SHERMANfU^-.^ 
Mfg.  Company 


Battle  Creek 


Michigan 


ShermaL{ 

LUG 


terminals,  fuse  CLIC- 
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HEXACON  itfa/jpuutTftd) 

CONSOLIDATED  VULTEE 
tnejwao  AIRCRAFT  CORPORATION 

\\  \ if  UMlHinn 


type  p-550 

for  fast  continuous  heat 
andproductionspeed-ups 


IINEEIS  WANTED 

• • 

t an  opportunity  to  join  one 
Mica  1 largest  manufacturers 
Ktronic  and  communications 
sent. 

Radio 

*EI#etrieal 

Electronic 

Industrial 

(Job  tvoluation) 

n t e k a n i c a I 
Factory  Planning 
Materials  Handling 
^factoring  Planning 

“““Action  with  the  manufacture 

i °.new  0,1,1  advanced 

i (I*rt»^UCabo!“  "Onipment  and 
* mOtomc  products. 

»'"•»  Ml  qseHficaffoni, 

«r  apply  fe: 

1 L EMPLOYMENT  dept. 

’■Stmt  Electric  Co. 

«Ul «.  KEARNY,  N.  1. 

.*  ,teC-*-„L 
. HaVerh111,  MOM* 
WMC  regulations 


Prefe, 


as  a source  ot  pre- 
cision-made 
WASH  ERS  and 
STAMPINGS 
manufactured  to 

CUP  WASHERS  your  specifications, 

for  Binding  Screws 

£Mc  WHITEHEAD  STAMPING  CO. 

|69l  W.  Lafayette  Blvd.  Detroit  16.  Michigan 


nient-accurate 
MIXING  DEVICE 


Heovy-duty  work  requires  a soldering  iron  with  heat  reserve  sufficient 
for  continuous  use.  The  ability  of  HEXACON  irons  to  cope  with  these 
essentials  is  attested  to  in  their  adoption  by  Consolidated-Vultee  in 
vital  plane  production.  Design  and  construction  is  an  important  fac- 
tor in  HEXACON  performance. 

Write  for  literature  describing  the  complete  HEXACON  line  of  screw 
tip  and  plug  tip  irons,  from  40  to  700  watts,  and  with  tip  diameters 
ranging  from  J/j"  to  13A"*  No  obligation. 

HEXACON  ELECTRIC  COMPANY 

130  WEST  CLAY  AVE.,  ROSELLE  PARK.  NEW  JERSEY 


I REDUCTION 


<MSM  OFFICES  IN 

jtO.KT.  's|£bb7  PRINCIPAL  CITIES 

|fc  Magnola  Aim  Gat  Product!  Company 


a HI  Mails,  writ*  today  for  a de- 
aipriva  fokfar  {ADP8921.  Address: 


|pwd  to  matt  tha  naads  of  else 
Kttbs  monufactvrtrs  using  gat 
ns  for  protactivs  ofmosphores, 

mw  Ako  davatopmonl  pro- 
t on  ocajratoty  proporHonad 
n at  a prtssure  not  in  excess 
pUconplateline  of  flowmeters 
Koilobls  to  psnsit  flows  of  hydro- 
m fro*  about  2 to  200  efts,  and 
litojtn  frost  obout  6 to  140  cfh. 


Dii 


taking  orders  for 
the  newly  improved 


To  essential  users*,  HARVEY  con 
now  supply  the  famous  RKD-16, 
with  new  feofures  that  materially 
Increase  the  life  and  performance 
of  the  unit.  Its  rugged  construc- 
tion ond  precise  assembly  have 
made  this  REK-O-KUT  instrument 
generally  preferred  by  major 
broadcasting  stations  and  record- 
ing studios.  A heavier  turntable, 
closer  machining  tolerances  and 
an  improved  lubrication  system 
now  add  to  its  efficiency. 

Three  week  delivery $148.38 


Features  of  the 

REK-O-KUT  RKD-16 


• Lathe  turned.  25  lb.  cast  Iron  turntable, 
balanced,  with  disappearing  drive  pin 
and  rubber  turntable  pad. 

• Turntable  fitted  with  one  Inch  diameter 
polished  steel  shaft,  with  special  oil 
grooves  for  force  feed  lubrication  when 
operating.  Rotates  on  a single  ball 
bearing  at  the  bottom  of  the  turntable 
well. 

• 1/20  H.  P.  General  Electric  constant 
speed  motor. 

• A positive  repeat  speed  change  at  all 
times. 

• The  turntable  attains  full  speed  In  less 
than  one  revolution. 

• Easy  alignment  of  the  REK-O-KUT 
overhead  mechanism  with  the  turntable. 

• Improved  lubrication  system. 


*AA-5  Priority  or  Better  I 

NOTE:  Since  our  monthly  al< 
lotment  Is  subject  to  WPB  reg- 
ulations,  we  suggest  that  you 
U send  your  order  without  delay. 

-Telephone:  LOngocre  3-1800 


RADIO  COMPANY 


Backtalk 


This  department  Is  oper- 
ated as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published 


On  Mitogenetic  Radiation 


Dear  Sir: 

I have  just  come  across  0.  C. 
Gruner’s  (Electronics,  Dec.  1944,) 
paper  on  A Neon-counter  for  Med- 
ical Research  and  feel  obliged  to 
address  one  or  two  remarks  to  you 
on  the  subject. 

The  author  states  that  “Hol- 
laender  and  other  physicists  de- 
cided that  mitogenetic  radiation 
does  not  exist  at  all.”  This  is  not 
so.  Hollaender  examined  the  prob- 
lem fairly  and  came  to  the  conclu- 
sion that  the  evidence  for  the  exis- 
tence of  mitogenetic  radiation  is 
not  sufficiently  convincing  at  pres- 
ent to  be  generally  acceptable.  This 
is  a conclusion  which,  as  far  as  I 
know,  has  not  been  challenged  by 
any  responsible  authority.  A recent 
survey  made  by  Moiseeva,  has  led  j 
to  the  same  conclusion. 

The  author  states  that  “the  J 
Geiger  counter  failed  to  reveal  con- 
clusive evidence  of  these  radiations, 
but  it  was  thought  that  a neon 
counter  might  serve  the  purpose.” 
Since  a Geiger  counter,  properly 
used,  will  permit  the  detection  of  a 
single  ionized  particle,  it  has  a very 
much  greater  sensitivity  than  any 
other  device  in  the  ultra-violet  re- 
gion, where  most  of  the  mitogen- 
etic radiation  is  supposed  to  occur. 

The  author  states  that  “If  the 
| material  to  be  studied  emits  a ra- 
| diation  which  adds  to  the  potential 
i (of  the  neon  lamp),  the  beats  of 
I discharge  will  become  more  fre- 
i quent;  if  the  material  interferes 
with  the  accumulation  of  potential, 
the  beats  will  slow  down.”  This 
► statement  reveals  a curious  ignor- 
f ance  as  to  the  operation  of  the 
neon-tube  relaxation  oscillator.  If 
ionizing  radiation  passes  through 
the  space  between  the  electrodes  of 
the  tube,  the  ions  produced  may 
cause  the  capacitor  to  discharge 
more  quickly,  hut  no  amount  of 
radiation  could  possibly  increase 

-11  known  that 
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The  Insuline  Corporati  "|ff  (||||p 
still  80%  in  war  prodm 
In  fact,  it  has  received  iti 

Army-Navy  Award,  and  I 

to  earn  a fourth.  Still  the 
Plant  is  geared  to  swing 
full  peace-time  produc  || 
almost  instantly  iftllMim 


The  radio  industry, g 
planning  for  the  post-war  jjl 
market, will  want  to  in- 
vestigate  the  now-famous  ^ 
line  of  battle-tested  ICA  ■ 
Auto  Antennas.  Careful  ■ 
engineering  makes  them  -j 
rattle-proof;  all-brass 
construction  makes  them 
rust  proof. 

A catalog,  detailing 
everything  that  s news 
in  antennas  designed  for 
the  post-war  market,  *sJ^*t'* 101 
available.  Ask  for  Cata-^-,„,^ 
log  No.  AA-216. 
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MS  FOR  EVERY  PURPOSE 

W “A"— Nickel • chromium;  non- 
ygotlc;  spec,  r e i i s t a n e e 650 

E/CMF. 

lOY  ”C  — High  resistance  to 
l&tion  and  corrosion;  for  electron- 
ic industrial  equipment. 
lOTT'- Nominally  30%  nickel, 

J chromium,  balance  iron.  Specific 
snee  600  ohms/CMF. 

JOY  "45"  — Copper-nickel  for 
t iding  precision  resistors.  Con- 
tort resistance  over  wide  range  of 
taparatures. 

JffHAI  — Unavailable  for  duration; 

will  be  pleased  to  supply  data  for 
fear  post-war  requirements. 

C.O.JELLIFFmfg.corp. 


'igiot  ltd. 


Southport,  Conn. 
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!AWSOH  FLUXMETER  TYPE  504 

j!,C!,tY  portable  fluxmeter  available 
retnrns  rapidly  to  zero  when  a 
button  is  depressed.  Simple  and 
m operation.  Convenient  and  light 

'*  *nght. 

to  * single  type  of  meas- 
uj*  ■ ^a$  un'versal  apolication  for 
°r  production-  ‘Measures 
•■-!  and  electromagnets, 

, !,<]f  and  hysteresis  loops  for  iron 
°*a  ^ux  lines  in  circuit,  flux 
' *'eloPad  i"  air  gap,  etc. 

^ tmi.  fnt^lan'cal  clamp  to  protect 
***  l*"els  when  in  transit. 

’ !r,»  »M  Uf  f0|  Cambridge,  Mass. 
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EXACT  Q VALUES: 

Precision  manufacture  assures  exact 
Q values.  Resulting  uniform  tuning 
and  gain  helps  speed  equipment  pro- 
duction. 


UNIFORM  COMPOSITION: 

Core  compositions  — accurately  con- 
trolled — permit  uniform  control  of 
core  loss  to  exact  predetermined 
level. 


MECHANICAL  STRENGTH. 

Modern  metallurgical  and  plastic 
molding  techniques  assure  permanent 
retention  of  characteristics. 


SIZES  AND  SHAPES: 

Screw  cores,  cup  cores,  tuning  slugs 
are  produced  in  any  desired  type, 
with  uniform  quality  and  accuracy. 


THREADED  RODS  AND  INSERTS: 

These  are  incorporated  when  re- 
quired. Precision  machining  permits 
fast  assembly  and  accurate  tuning. 


FREQUENCIES: 

Iron  cores  manufactured  exactly  to 
meet  your  specifications  in  both  high 
and  low  frequencies. 


National  MOLDITE  can  be  pro- 
duced to  fit  any  coil  require- 
ment, for  either  present  or 
post-war  needs.  Inquiries  will  be 
treated  in  confidence,  and  given 
prompt  attention. 


NATIONAL  MOIDITE  COMPANY 

25  MONTGOMERY  STREET,  HILLSIDE  5,  NEW  JERSEY. 


noRco 


COAXIAL  TRANSMISSION  LINES 
AND  FITTIN6S 


NORCO  coaxial  cables,  of  fhe  rigid  gas 
filled  type,  for  radio  communication,  radar, 
television,  and  FM.  A complete  line  of  fit- 
tings, both  solder,  and  improved  solderless 
types  can  be  supplied  for  NORCO  Trans- 
mission Lines,  including  improved  End  Seals 
and  Junction  Boxes,  Your  inquiry  invited. 


NORTHERN  COMMUNICATIONS  MANUFACTURING  CO. 

210  EAST  40th  STREET  . O.  NEW  'OKK  16*  V ' * 


Manufacturers  of  Transformers  • Special  Coils  Reactors  - Sound  Systems 
Recorders  - Equalizers  • Full  Range  Phonograph  • Coaxial  TransmssssnnEmrs 


SMALL  PARTS 


Filaments,  anodeB,  supports, 
springs,  etc.  for  electronic  tubes, 
ft tp nil  wire  and  flat  metal  formed 
parts  to  your  prints  for  your  assem- 
blies. LUXON  fishing  tackle  acces- 
sories, double  pointed  pins,  fine  sizes 
wire  straightened.  Inquiries  will  re- 
ceive prompt  attention. 

ART  WIRE  AMR 
STAMPING  CO. 

227  High  St.  Newark  2.  N.  J. 


The  only  offi 
Radio  and  Electro 
equipment  source ■ 
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PUBLISHERS 

110  Lafoyett*  St.,  New  V° 


I toplasma  Monographien,  1936,  voJ. 
ix),  especially  pages  91  and  92.  As 
I to  the  last  paragraph  of  Mr.  Leni- 
han’s  comments,  one  may  mention 
the  work  done  at  the  Roffo  Insti- 
tute at  Buenos  Aires  (details  of 
which  were  published  since  the  ex- 
periments were  made  here).  A very 
close  study  of  the  carcinogenetic  | 
radiation  from  sterols 


cancer 

was  made  by  undoubted  experts, 
! and  besides  other  methods  of  in- 
vestigation, a neon  counter  was  de- 
vised for  the  purpose. 

Maybe  the  object  of  the  work  is 
misunderstood.  There  was  no  idea 
that  this  counter  refutes  Hol- 
laender’s  conclusions,  or  challenges 
them  or  any  responsible  authority. 
Its  construction  originated  in  the 
desire  to  arouse  the  interest  of  elec- 
tronic experts  in  an  important  field 
of  clinical  investigation,  aware 
that  an  actual  instrument  provides 
a preliminary  demonstration,  from  | 
which  they  might  proceed  to  some-  I 
thing  of  wider  scope  in  this  branch  | 
of  medical  research. 

O.  Cameron  Gruner 

McGill  University  I 
Montreal , P.Q.,  Canada 


I know  your  blueprints 
are  so  blurred  you  couldn't 
read  ’em  with  a magnifying 
glass.  Same  old  trouble 
— soft,  crumbling  leads, 
smudged  drawings,  bad 
blueprints. 

Get  yourself  the  draw- 
ing pencils  that  never  crum- 
ble! that  produce  clean, 
dense,  opaque  lines ; that 
are  unerringly  uniform  in 
every  degree.  Get  Typhonite 
Eldorado!  Eldorado  draw- 
ings result  in  blueprints  as 
clear  as  a bell  and  a pleas- 
ure to  read. 


the  product  does,  its  specification ’ 
parable  and  competing  items  . . 
sands  of  illustrations. . . Data  covert 
of  all  products  in  the  industry,  todi 
indexed  and  cross  indexed. 


mokes  it.  Directory  of  manufacture 
phabetically  listed,  with  page  ngi 
for  instant  reference. 


Atidionics 

My  dear  Henney: 

I have  been  very  remiss  in  not 
having  long  ago  expressed  to  you 
my  natural  and  very  deep  grat- 
ification over  the  cover  of  Elec- 
tronics in  April. 

There  indeed  is  a notable  exam- 
ple of  the  truth  of  the  old  Chinese 
adage:  “A  Picture  Is  Worth  10,000 
Words.” 

Your  photographer  selected  for 
this  picture  a beautiful  sample  of 
one  of  the  early  Audions,  I think  of 
the  1909  vintage.  Earlier  types  in- 
cluded only  a single  plate  and  grid. 

With  best  wishes  to  Electron- 
ics, and  regards  to  its  editor. 

Lee  De  Forest 

Experimental  Laboratory  and  Inventory 
Lou  Angeles,  Cali). 


Prices  on  thousonds  of  Hems,  all 
catalogued  for  easy  buying. 


WHERE 


you  con  get  it.  Your  nearest  sour 
can  supply  your  radio  and  eUctr 
quirements.  Saves  time  . . . H 
bulky  files. 


ror  anybody  s money, 
Typhonite  Eldorado  is  the 
world’s  finest  drawing  pen- 
cil. Try  it!  Send  for  a free 
Comparison  Sample.  Re- 
quest it  on  your  business 
or  professional  stationery, 
specifying  degree. 


Distributors 
from  coast  to 
coast  have  just 
bought  quanti- 
ties of  this  800 
Page,  hard -cov- 
ered encyclope- 
dia readyfor  free 
distribution. 


About  Turnovers 

Dear  Sirs: 

Congratulations  on  the  new  ar- 
rangement of  editorial  matter  in 
June  1945  issue.  Having  all  of 
the  article  appear  consecutively 
makes  reading  much  easier,  and 
is  a tremendous  help  when  it  comes 
to  binding  Electronics. 

Richard  P.  Krebs 

Cleveland,  Ohio 
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ELECTRON  TUBE  BUSINESS,  by  W.  C.  White 

demand  lor  receiving,  transmitting  and  industrial  types  is  estimated 
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poles  created  at  steel-wire  discontinuities  trigger  an  electronic  circuit 
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CROSS 

TALK 

68 . . . With  this  cryptic  title,  the  Signal 
.bels  its  first  radar  set  designed  in  the  Signal 
aboratories  at  Fort  Monmouth  under  the  gen- 
ction  of  General  (then  Colonel)  Colton,  built 
tern  Electric,  operated  by  the  Army  here, 
nd  everywhere  in  the  dark  early  days  of  the 
ow  completely  declassified,  the  268  is  ade- 
described  for  the  first  time  in  this  issue  of 
imcs.  The  manuscript  has  been  in  our  safe  for 
properly  passed  by  the  Office  of  Censorship. 

) definite  policy  on  publication  of  radar  infor- 
had  been  formulated,  however,  the  War 
lent  felt  that  the  article  should  not  be  pub- 
i spite  of  the  fact  that  the  set  had  been  com- 
d by  both  Germany  and  Japan  months  ago  and 
of  the  fact  that  more  modern  versions  of  radar 
tie  268  in  every  respect. 

st  of  Electronics’  readers  know,  a previous 
listed  in  which  radar  as  a subject  could  be 
«1  in  print.  Then  censorship  clamped  down 
mrd,  because  too  much  was  mentioned  and  im- 
print and  because  of  the  incipient  triangular 
it  who  developed  radar — the  Americans  or  the 
the  Army  or  the  Navy,  this  laboratory  or  that 
ioing  with  each  other  in  making  claims  in 
manufacturers  threatened,  collectively,  to 
SS  too  much  information ; and  so  nothing  what- 
dd  be  said  for  quite  some  time. 

:n  Chicago,  labor  troubles  developed.  More 
were  needed  to  make  parts  and  assemblies 
radar.  Manufacturers  wanted  to  state  in  print 
15  ™ radar  were  waiting.  New  permission-  was 
to  use  the  term  publicly  provided  there  was 
o of  how  radar  worked  or  what  it  did. 
this  mystery  whetted  the  appetite  of  the  pub- 
publishers,  and  of  anybody  else  whose  curi- 
€asi"dy  intrigued.  Here  was  something  new, 
wonderful,  and — above  all — something  hot. 
meantime,  the  SCR-268  had  served  its  purpose ; 
r raptured  with  blueprints  and  operators,  had 
l|k  °bsolete  by  new  research. 


There  is  one  other  bit  of  history  that  should  be 
known.  In  the  summer  of  1940,  English  scientists 
came  to  this  country  looking  for  help.  They  put  their 
cards  on  the  table,  telling  American  scientists  every- 
thing that  England  had  up  its  sleeve  in  exchange  for 
information  on  our  new  defensive  and  offensive  de- 
vices. They  asked  one  thing — that  nothing  be  pub- 
lished about  these  matters  until  the  British  were 
ready  because  English  law  makes  it  impossible  to  pro- 
tect oneself  by  patent  on  any  device  that  has  been 
described  in  print. 

The  first  break  in  the  dam  preventing  more  adequate 
publication  of  radar  principles  came  when  R.  L.  Smith- 
Rose  published  two  papers  on  the  subject  in  the  Wire- 
less World  of  London.  Since  then,  considerable  effort 
has  been  made  to  relax  censorship  on  the  whole  subject 
so  that  the  principles  can  become  known  and  can  be  put 
to  much  wider  use  than  in  purely  military  devices. 

An  agreement  has  now  been  reached  on  radar.  Other 
policies  have  been  established  which  will  permit  more 
rapid  and  complete  publication  of  data  on  all  our  war- 
time research.  Thus  much  of  the  fine  work  carried  out 
by  hundreds  of  the  nation’s  best  scientists  under 
OSRD  will  become  available  to  the  credit  of  those  who, 
valiantly  and  silently  and  without  acclaim,  have 
labored  so  long  behind  locked  doors.  Much  of  their 
research  will  have  direct  application  to  industry  and 
communications. 

Other  articles  similar  to  the  present  SCR-268  story 
and  much  of  the  hitherto  secret  wartime  electronic 
developments  accomplished  under  OSRD  will  see  day- 
light through  the  editorial  pages  of  Electronics. 


► U-235  . . . There  have  been  many  best-kept  secrets 
of  the  war,  but  none  approaches  the  Manhattan  Proj- 
ect, the  cloud  under  which  the  Army  obscured  its  work 
on  the  atomic  bomb.  News  of  the  bomb  was  released 
just  as  this  issue  of  Electronics  went  to  press.  The 
basic  background,  however,  was  published  in  our  July 
1940  issue  and  is  reprinted  in  the  Electron  Art  depart- 
ment this  month. 
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Postwar 


Potential  demand  for  receiving,  trans* 
mitting  and  industrial  types  is  estimated 
and  compared  with  the  best  prewar 
year.  The  outlook  for  complete  elec- 
tronic equipment  in  both  old  and  new 
categories  is  simultaneously  discussed 


By  W.  C.  WHITE 

Research  Laboratory 
General  Electric  Company 
Schenectady,  N.  Y. 


A FEW  MONTHS  AGO  there  ap- 
peared  in  a leading  New  York 
City  newspaper  the  following  two- 
column  heading:  "Electrons  Now 
Make  Huge  Propellers  For  Our 
Warships  in  700  Percent  Faster 
Time.” 

At  about  the  same  time,  a well- 
rated popular-science  magazine  en- 
joying a wide  circulation  contained 
the  following  item: 

"Electronic  rat  trap  operates 
when  a rat  passing  through  an 
open  tunnel  cuts  an  invisible  ray 
beamed  on  a photocell.  Trap  doors 
drop  down  at  both  ends  and  the 
rat,  seeing  light  above,  goes  up 
a ramp  to  a small  chamber  where 
he  steps  on  a switch  plate  which 
turns  on  a current  to  electrocute 
him." 

Also,  the  writer  recently  received 
a letter  which  read  as  follows : 

“It  has  been  proposed  to  con- 
vert a certain  amusement  park 
steam  locomotive  from  a coal 
burner  to  an  oil  burner  on  account 
of  the  smoke  and  cinder  nuisance. 

“The  miniature  railroad  is  lo- 
cated in  the  . . . area,  the  gage 
of  track  is  16  inches  and  the  loco- 
motive and  tank  weigh  about  one 
ton  in  working  order. 

“My  object  in  writing  to  you  is 
to  inquire  if  instead  of  using  oil 
as  a fuel  to  generate  steam  it 
would  be  either  possible  or  prac- 
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tical  to  install  an  electronic  heat- 
ing device  in  the  lire  box.” 

These  three  instances  are  exam- 
ples of  present-day  fallacies  regard- 
ing electronics,  although  in  the  first 
two  cases  the  publications  could 
hardly  be  criticized  for  printing 
them  or  featuring  them. 

The  first  case,  the  newspaper 
heading,  was  a report  on  an  engi- 
neering paper  presented  at  a tech- 
nical society  meeting.  It  described 
an  elaborate  piece  of  equipment  de- 
signed to  do  a difficult  job  in  a new 
and  better  way.  If  one  examines 
the  paper  in  detail,  however,  it  is 
to  be  noted  that  only  one  electron 
tube  is  used  per  unit.  The  tube 
could  be  one  of  the  so-called  re- 
ceiving types  and  certainly  would 
not  cost  over  five  dollars.  This  is  a 
case,  therefore,  where  the  amount 
of  tube  business  involved  is  neg- 
ligible, particularly  as  the  industry 
and  operation  covered  by  this  elec- 
tronic application  could  not  pos- 
sibly require  more  than  a relatively 
few  equipments. 

The  rat  trap  described  in  the  sec- 
ond item  would  undoubtedly  catch 
rats  and  might  be  technically  satis- 
factory. However,  in  spite  of  “the 


better  mouse  trap”  quol 
ited  to  Ralph  Waldo  E: 
certainly  not  going  to 
this  inventor  that  “the 
make  a beaten  path  to 
This  is  a case  of  an  el 
plication  which  is  simply 
of  balance  economically, 
tubes  can  and  do  accoi 
derful  things,  but  elect 
ment  cannot  be  sold  and 
on  the  glamour  or  pui 
of  the  job  it  is  intended  to 
mere  fact  that  it  is  eled 
The  third  case  is  typi 
mass  advertising  and 
have  impressed  the  layman 
unlimited  possibilities  of  ele 
ics. 
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Wartime  Phenomena 

Admittedly,  these  are  son# 
extreme  examples,  but  to  a 1 
degree  they  have  appeared^ 
dreds  of  times  in  print  A 
few  years.  They  must  have 
many  men  and  concerns  to 
the  future  business  possibili 
electronics,  particularly  the 
facture  and  sale  of  electron 
the  heart  of  such  devices. 

During  wartime  the 
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their 
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of  monitions  and  ordnance 
know  that  their  tremendous 
of  business  is  solely  a war 
on.  The  same  is  true  of 
manufacturers. 

Ike  writer’s  opinion  that  far 
men  now  connected  with 
and  manufacture  of  elec- 
harbor  the  belief  that 
or  other  the  present  huge 
for  electron  tubes  will  be 
at  nearly  its  present 
during  the  postwar  period, 
men,  particularly  engineers, 
been  active  optimists  and 
c promoters  of  elec- 
over  the  leaner  years  still 
their  faith  and  enthusiasm 
in  comparison  with  the 
are  considered  cynical 
tic.  What  the  layman 
forgets  is  that  electron 
not  consumed  directly  but 
*hi  only  for  installation  in 
*nt  or  as  replacements 
that  have  ended  their 
Me  in  equipment  being  op- 

War  II  has  been  charac- 
hy  the  vast  number  of  en- 
units,  such  as  tanks, 
«d  landing  craft,  that  are 


being  used.  In  total,  these  are 
known  to  number  many  hundreds 
of  thousands,  and  each  has  at  least 
one  complete  radio  transmitter  and 
receiver. 

In  the  case  of  radio  transmitting 
tubes,  there  are  two  factors  that 
have  inflated  the  tube  requirements 
beyond  the  wartime  increase  in  ap- 
paratus using  them.  The  first  of 
these  arises  from  the  fact  that  the 
useful  life  of  electronic  equipment 
in  wartime  is  bound  to  be  much 
shorter  than  the  obsolescence  life  in 
normal  use.  Experience  has  indi- 
cated that  commercial  electrical 
equipment  is  capitalized  on  a basis 
of  10  to  20  years.  The  life  expecta- 
tion of  radio  equipment  in  wartime 
is  probably  more  like  these  figures 
in  months  rather  than  in  years. 

The  second  factor  is  the  large 
number  of  spare  tubes  that  must  be 
manufactured  for  each  socket  put 
into  use.  This  is  largely  due  to  the 
fact  that  we  are  engaged  in  a global 
war.  Tanks,  planes  and  ships  may 
have  to  be  used  and  serviced  in 
huge  numbers  in  dozens  of  localities 
widely  scattered  throughout  the 
world.  Therefore,  spare  and  re- 
placement tubes  have  been  pro- 


duced and  distributed  in  a ratio  far 
exceeding  that  required  for  normal 
or  peacetime  electronic  devices. 

This  enormous  war  inflation  is 
indicated  in  the  case  of  the  Navy 
by  the  following  paragraph  from  a 
paper  by  Captain  J.  B.  Dow,  Direc- 
tor of  the  Electronics  Division  of 
the  Bureau  of  Ships:1 

“At  the  end  of  December, 
1941,  the  Navy  comprised  a total 
of  2082  vessels  and  landing  craft, 
in  each  of  which  at  least  one 
transmitter  and  two  receivers 
were  installed.  As  of  December 
1,  1944,  this  figure  had  risen  as  a 
result  „of  the  ship-building  pro- 
gram to  37,981.  A large  carrier 
has  installed  in  it  101  complete 
equipments.  A small  motor  tor- 
pedo-boat has  seven.  Certain  of 
the  smaller  types  of  landing  craft 
have  as  many  as  13  complete 
equipments;  others  have  as  few 
as  three.  It  is  estimated  that 
since  December  7, 1941,  some  300,- 
000  complete  equipments,  each 
comprising  two  to  15  major  units 
of  equipment,  have  been  installed 
m these  38,000  vessels  and  land- 
ing craft.” 

Postwar  Estimates 

There  are  a number  of  ap- 
proaches to  the  problem  of  esti- 
mating the  postwar  demands  for 
electron  tubes.  O'  interesting 
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method  is  to  consider  as  a basis 
the  best  prewar  year.  This  is  un- 
questionably the  year  1937.  During 
that  year  of  good  business,  there 
was  a big  volume  of  sales  resulting 
from  the  more  than  five  years  of 
depression-deferred  buying.  That 
this  was  a good  year  for  American 
business  in  general  is  well  estab- 
lished by  the  business  indices.  That 
it  was  a good  year  for  electrical 
manufacturers  in  general  and  tube 
manufacturers  in  particular  is 
borne  out  by  the  figures  in  the  fol- 
lowing table,  showing  the  common 
stock  per  share  earnings  of  a num- 
ber of  leading  producers  in  the 
field: 


IMS  1937  1939 

Genani  Electric 90.97  2.21  1.43 

Hygradi  Brtaoia. 3.31  3.98  3.92 

KmRad 1.49  2.31  (0  0.28 

Rmytbeaa (00.18  0.48  (0  0.48 

HCA (00.03  0.42  0.39 

Watinchoam 4.90  7.90  8.21 


(d )— deficit. 

It  is  very  apparent  from  the 
above  that  1987  was  a peak  year  in 
comparison  with  either  1935  or 
1939.  The  year  1937  is  also  a good 
one  to  study  because  the  U.  S.  De- 
partment of  Commerce  Biennial 
Census  of  Manufactures  covers 
1937  as  well  as  1935  and  1939.  The 
following  table,  using  figures  from 
the  census  reports,  shows  for  these 
three  years  the  dollar  volume  of 
electron  tubes  at  the  manufac- 

turers’ selling  price: 

1938  1937  1939 

Receiving $28,979,219  $39,290,988  $32,948,740 

Trammitting 1,874,488  3,004,999  2,287,880 

Trane.  Red 712,472  942,099  380,874 

Phototubes 190,043  170,110 

Industrial ' 939,109  2,317,080 

$32,908,948  $43,922,378  $38,082,480 

Note:  The  1939  fyuree  for  industrial  tuba  an  bdieted  to  in- 
dude  tu&et  /or  therapeutic  high-frequency  tqutpmente  which 
tun  included  with  ttrmemiUing  tuba  in  1935  and  1937. 

As  noted  above,  the  dollar  figures 
given  in  this  article  are,  as  defined 
in  the  U.  S.  census  reports,  “selling 
values  at  factory  or  plant.”  For 
merchandised  tubes,  therefore, 
there  is  a large  spread  between  this 
figure  and  list  price.  On  the  other 
hand,  for  small  lots  of  industrial 
tubes  sold  direct,  the  figures  may  be 
the  same  as  list  price. 

A certain  amount  of  estimating 
and  rearrangement  of  figures  is 
necessary  in  comparing  these  years 
because  the  classifications  covering 
the  period  are  not  uniform.  An- 
other factor,  often  neglected,  which 


leads  to  an  over-optimistic  picture 
of  the  volume  of  tube  business,  is 
the  ratio  between  the  cost  of  the 
tubes  in  a complete  piece  of  elec- 
tronic equipment  and  the  total  cost 
of  the  equipment.  For  transmitters 
and  receivers  the  census  report  for 
1937  indicates  a ratio  of  about  15 
percent.  In  the  case  of  industrial 
and  most  other  types  of  equipment 
using  tubes,  the  percentage  is  even 
lower.  Therefore,  the  total  busi- 
ness in  electronic  equipment  may 
well  be  nearly  ten  times  the  tube 
business. 

Using  the  1937  figures  as  a basis, 
let  us  study  each  of  the  fields  in 
which  tubes  were  used  in  an  at- 
tempt to  gage  the  tube  business  in 
the  immediate  postwar  years  and 
also  to  make  estimates  for  newly 
developed  uses.  Possible  changes  in 
cost  and  price  levels  cannot  be  taken 
into  account,  of  course. 

In  any  estimates  on  postwar 
business,  it  is  necessary  to  define 
the  time  element  as  carefully  as 
possible.  The  estimates  that  follow 
are  based  on  the  probable  amount 
of  available  business  per  year  for 
-the  first  two  or  three  years  after 
present  large-scale  war-need  manu- 
facture no  longer  exists.  In  appli- 
cations employing  receiving  tubes, 
the  new  sockets  that  will  add  to  the 
demand  for  tubes  can  be  created  in 
a few  months.  The  same  is  true  of 
tubes  used  by  amateurs  and  ex- 
perimenters. On  the  other  hand, 
the  largest  sizes  of  sealed  ignitrons 
are  used  with  power  conversion 
equipments  that  require  a year  or 
more  to  engineer,  build  and  install. 

In  this  latter  category  also  come 
new  applications  like  ultra-high-fre- 
quency relaying,  where  much  re- 
search and  experimental  work  must 
be  done,  plus  accumulation  of  some 
actual  operating  experience,  before 
large-scale  manufacture  gets  under- 
way. Therefore,  in  some  cases,  fac- 
tors like  those  mentioned  above  may 
indicate  a relatively  low  average 
level  for  the  first  three  years,  even 
though  longer-term  prospects  are 
encouraging. 

Another  factor  that  must  be  kept 
in  mind  in  studying  the  probable 
postwar  electron-tube  business  is 
an  increase  in  the  number  of  pro- 
ducers. This  is  referred  to  later  in 
connection  with  certain  of  the  class- 
ifications. Also,  in  the  case  of  most 


of  the  prewar  manufactim 
the  field  the  facilities  avail*! 
tube  manufacture  have  of  m* 
been  enormously  increased 
1937. 


Ricilviiq  Tibet 

The  census  reports  shot  . 
number  of  receiving  tubes  M;;. 
as  follows : ! 


1935  78,231, id: - 

1937  112,218.18  ' 

1939  109,529, M 


In  1937  practically  all  the  j 
ing  tubes  made  in  this  countri 
from  ten  manufacturers.  ‘v 
The  War  Production  Boi  ; 
cently  released  figures  givij  1 
1944  receiving  tube  requiremt 
144,000,000  and  the  1946  rj 
ments  to  be  met  as  180, (r  ; 
units.  Practically  all  of  thd 
production  came  from  eight  r ' 
facturers.  It  is  very  evident 
the  huge,  many-fold  wartiir  ‘ 

pansion  in  the  electron-hM 

ness  was  mostly  in  types  not) 
receiving  tube  classification.-' 
The  postwar  readjustment!  ; 
lem  is  least  serious  in  the  <!--■ 
receiving  tubes.  There  is  rea 
hope  that  present  unit  volume!  - 
be  pretty  well  maintained,  j a? 
$63,000,000  receiving  tube  bifl 
is  a good  probability.  This  is! 
on  an  assumption  of  36  cealJ-i 
tube,  which  is  arrived  at  fn»-c 
census  statistics.  Televising  ■ 
f-m  broadcasting  for  the  fi™* 
years  can’  be  expected  to  addj 
about  10  percent  to  this  figui*  v 
eluding  picture  tubes).  This! 
an  estimated  total  of 
in  round  figures. 

Another  factor  that  nuw>. 
taken  into  account  in  conn^ 
with  the  postwar  receiving 
business  is  the  continued  b 
toward  organizational  set-ups  ... 
corporating  both  receiver  ana  ., 
ceiving  tube  manufacture. 
the  business  available  to  cond . 
making  only  receiving  tubes  i , 
be  relatively  smaller  than  prei^ 
Obviously,  more  receiver  mam* ^ 
turers  may  decide  to  make  u 
own  receiving  tubes. 

The  number  of  receiving  to 
purchased  by  such  users  as  ai 
teurs,  the  Government,  commum 
tion  companies  and  the  emerge 
service,  although  amounting  to  p 
sibly  several . hundred  thousa 
tubes  a year,  is  hardly  a factor 
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mittmg  Tubes  for  Televi- 
A-M  and  F-M  Broadcast- 
's in  radio  transmitting 
it  the  enormous  war  ex- 
in tube  manufacture  has 
In  1937  ten  manufac- 
made  practically  all  the 
:ing  tubes  used.  Today  this 
is  just  about  double. 

[chief  factor  that  has  swelled 
for  World  War  II  is  the 
number  of  special  and 
of  high-cost  tube  types 
applications.  For  these 
le  usual  ratios  of  dollars- 
itt-output  per-year-of-op- 
are  much  higher  than  the 
figure.  In  some  cases  the 
id  can  support  the 
it  in  commercial  applica- 
it  in  many  others  it  will  be 
ive. 

reports  indicate  that  on 
1,  1937,  there  were  686 
ig  stations  and  this  fig- 
increased  to  721  at  the  end 
year.  Thus  the  average  in 
ig  1937  may  be  con- 
ns 700  for  a round  figure. 
Wary  of  1946,  there  were 
broadcasting  stations  in 
a,  In  addition,  as  regards 
[file  situation  at  the  opening 
year  1945  was: 

! liter  toaitniction  or  soon  to  be 
i autneted 

f 'W>He»Uoni  on  aie  -with  the  PCC 

* gives  a total  of  406  stations 
| nay  be  in  operation  during 

riy  postwar  years. 

1 regards  television  transmit- 
i there  are  nine  now  in  opera- 
“fi  108  applications  on  file 
itheFCC,makmg  a total  of  117 
™itie8  for  the  early  postwar 
As  each  television  station 
1 contains  both  an  audio  and 
1 transmitter,  these  may  be 
fered  as  234  transmitters  for 
11  to  the  a-m  and  f-m  units. 

* for  the  early  postwar  years, 
’*is  the  probability  of  912  a-m, 
M*  “fi  234  television  trans- 
fer a total  of  1552  transmit- 
■ This  is  slightly  over  double 

^ number  of  transmitters  oper- 
g in  1937. 

are  some  factors  tending 
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to  lower  the  tube  maintenance  cost 
in  transmitters  and  some  which  in- 
crease it  for  the  postwar  period  in 
comparison  with  the  year  1937.  It 
must  be  remembered,  however,  that 
less  than  half,  or  about  $1,700,000 
of  the  1937  transmitting  tube  total 
went  to  broadcast  transmitters.  The 
remainder  was  sold  for  use  by  the 
government,  amateurs  and  com- 
munication transmitters  as  well  as 
other  classifications.  Therefore,  a 
doubling  of  volume,  say  to  $3,400,- 
000,  seems  a reasonable  postwar 
estimate. 

Government  Radio  and  Radar — 
Although  it  is  doubtful  whether 
the  government  will  purchase  very 
large  quantities  of  transmitting 
tubes  in  the  immediate  postwar  era, 
there  will  undoubtedly  be  a great 
deal  of  developmental  activity  and 
the  building  of  a limited  number  of 
trial  equipments  for  a wide  variety 
of  applications.  It  must  be  kept 
in  mind,  however,  that  there  are 
enormous  stocks  of  standardized 
tubes  now  being  accumulated. 

In  1937  the  government  business 
in  radio  transmitting  tubes  was 
probably  about  $500,000.  Doubling 
this  figure,  on  the  basis  that  radar 
has  been  added,  and  then  trebling 
it  for  increased  activity,  a $3,000,- 
000  business  in  this  field  (exclud- 
ing development)  would  seem  to 
be  an  ample  estimate.  It  must  be 
remembered  that  in  1937  the  sale  of 
such  tubes  was  included  in  the  to- 
tals given  for  transmitting  tubes. 

Power  Tubes  for  Transoceanic, 
Marine  and  Other  Toll  Radio  Com- 
munication— Tubes  for  this  use 
were  included  in  the  1937  total.  To 
a considerable  extent,  the  companies 
using  such  tubes  either  manufac- 
ture them  directly  or  through  sub- 
sidiary companies,  and  therefore 
such  business  can  hardly  be  con- 
sidered as  generally  available.  A 
total  figure  of  $260,000  per  year 
would  certainly  cover  the  field.  Sur- 
plus government  stocks  might  well 
supply  much  of  this  demand  for 
several  years. 

Aids  to  Marine  and  Aircraft 
Navigation^-' This  is  almost  wholly 
a new  field  since  1937.  Develop- 
ments in  radar  will  undoubtedly 
provide  numerous  applications. 
However,  unlike  the  war  applica- 
tions of  radar,  peacetime  applica- 
tions would  appear  to  be  very 


largely  for  short  distances  and  of 
low  power,  indicating  that  the  great 
majority  of  tubes  will  be  small 
transmitting  types.  Assuming  1000 
commercial  aircraft  and  6000  U.  S. 
merchant  vessels,  an  estimate  of 
$700,000  would  appear  to  be  ample 
for  this  field. 

Aviation  Communication — Here 
the  great  question  is  the  number 
of  personally  owned  and  operated 
planes  that  will  be  in  use,  plus  an 
added  estimate  as  to  what  propor- 
tion of  these  will  have  radio  com- 
munication. The  CAA  has  esti- 
mated 210,700  such  planes  after  the 
war*.  Other  estimates  have  differed 
widely  and  mostly  downward  from 
this  figure.  If  such  communication 
units  do  come  into  use  to  anything 
like  the  extent  indicated  by  the 
CAA  estimate,  then  a whole  new 
communication  system,  including 
ground  stations,  will  have  to  be 
set  up.  In  general  the  great  major- 
ity of  such  equipments  would  be 
low  power,  including  those  on  the 
ground  and,  therefore,  the  trans- 
mitting tube  cost  per  unit  would 
be  rather  low.  In  view  of  the  time 
required  to  build  up  this  business, 
a tube  volume  estimate  of  $1,000,- 
000  per  year  for  this  field  for  the 
early  postwar  years  would  appear 
to  be  ample.  This  would  include 
tubes  for  the  transmitters  of  com- 
mercial airline  planes  and  their 
base  stations. 

Mobile  and  Emergency  Use — In- 
cluded under  this  heading  are  not 
only  some  well-established  applica- 
tions but  also  recently  enlarged  or 
suggested  services  such  as  those 
used  by: 

Railroads  and  car  ferries 
Fire  department! 

Forest  and  conservation  agencies 
PubUc  utility  companies 
Bus,  truck  and  taxicab  fleets 
Highway  departments 
Special  commercial  operations,  such  as 
lumbering,  quarrying  and  large-scale 
outdoor  construction 

In  such  applications  as  municipal 
and  state  police,  probably  the  field 
is  60  percent  to  76  percent  satur- 
ated. On  the  other  hand,  the  use  of 
radio  in  connection  with  the  dis- 
patching of  taxicabs,  of  which 
there  are  approximately  48,000  in 
the  U.  S.,  is  practically  untouched. 
It  is  to  be  remembered  that  for  such 
equipment  relatively  small  trans- 
mitting tubes  are  employed.  ' 
tainly  a $760,000  annual  bu 
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an  ample  estimate  for  this  classifi- 
cation. 

Radio  Relay  Equipment — This  is 
another  new  application  and  it  is 
impossible  to  predict  the  rapidity 
with  which  it  will  grow  or  the  ex- 
tent to  which  it  will  grow.  Again, 
however,  the  transmitting  tubes 
used  are  of  the  low-power  variety 
selling  for  $5  to  $20  each.  A total 
of  $500,000  a year  is  certainly  op- 
timistic for  this  classification. 


High-Frequency  Induction  and 
Dielectric  Heating— Tubes  for  such 
service  are  included  in  the  classi- 
fication of  transmitting  tubes  be- 
cause they  are  so  similar  in  their 
general  ratings  and  sizes.  If  high- 
frequency  heating  is  to  be  commer- 
cially successful  and  is  to  attain  any 
large  volume  it  is  absolutely  neces- 
sary that  the  tubes  have  a very  long 
operating  life.  Replacements,  con- 
sidering a three-year  life  and  an 
average  of  two  tubes  per  equip- 
ment, would  be  approximately  700 
tubes  per  year  per  1000  equipments. 
Let’s  assume  that  in  addition  about 
300  tubes  would  be  used  for  instal- 
lation in  new  equipment,  making  a 
total  of  approximately  1000  tubes 
per  year.  This  represents  a pro- 
duction of  approximately  four  tubes 
per  working  day  and,  assuming  an 
average  figure  of  $100  per  tube, 
there  results  a business  of  $400  a 
day.  In  this  estimate  the  five-day 
working  week  has  been  assumed 
and,  taking  holidays  into  account, 
this  means  about  250  working  days 
per  year.  This  would  represent  a 
business  of  approximately  $100,000 
a year  per  1000  equipments  in  use, 
plus  the  300  tubes  estimated  as  the 
initial  complement  in  new  equip- 
ments. It  would  certainly  be  an 
optimistic  estimate  to  triple  these 
figures,  giving  a total  of  $300,000 
a year  in  tube  business.  Of  course, 
it  is  possible  that  some  new  develop- 
ment in  this  field  might  result  in  a 
demand  for  a very  large  number  of 
small  units,  but  in  this  case  the 
tube  cost  per  unit  might  be  only 
one-tenth  that  given  above.  In  this 
classification,  government  surplus 
stocks  may  also  be  a factor. 

Medical  Field  (Excluding  X- 
Ray)— In  this  classification  there 
are  included  only  tubes  of  the  radio 
transmitting  type  used  to  supply 
high-frequency  output  for  such  ap- 
plications as  heat  therapy,-  cautery 
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and  electro-surgery.  During  the 
years  1985  to  1940,  many  hastily 
designed  and  none-too-well-built 
equipments  were  sold  to  doctors, 
hospitals,  health  institutes  and 
gymnasiums.  Today,  probably  more 
of  these  early  equipments  have  been 
scrapped  or  are  standing  idle  than 
are  being  used. 

This  business  now  is  on  a much 
firmer  foundation  as  regards  both 
its  usefulness  and  design  funda- 
mentals, but  it  may  be  many  years 
before  the  yearly  business  in  tubes 
for  this  field  gets  back  to  the  dollar 
volume  of  the  best  of  the  boom 
years.  This  broad  field,  however, 
still  continues  to  show  promising 
medical  results  and  does  constitute 
a worthwhile  tube  business.  How- 
ever, the  more  rational  viewpoint 
now  taken  of  its  applications  means 
that  it  is  not  going  to  require  a 
huge  supply  of  tubes.  It  would  cer- 
tainly seem  that  an  estimate  of 
$600,000  per  year  is  ample. 

Diagnostic  equipment,  such  as 
the  electrocardiograph,  electronic 
stethoscope  and  the  electroencephal- 
ograph, is  going  to  be  important 
and  may  well  represent  a rather 
large  total  of  equipment  business, 
but  the  tubes  used  are  of  the  re- 
ceiving type  and  their  dollar  vol- 
ume is  included  in  that  classifica- 
tion. 


Amateurs  and  Experimental — 
For  1939,  sales  of  all  transmitting 
tubes  under  the  50-watt  rating  to- 
taled $272,128  and  rectifier  tubes 
under  the  10-kv  rating  totaled 
$178,837.  For  1937,  the  nearest 
comparable  classification  included 
tubes  ranging  from  5 to  250  watts 
in  size  and  the  total  value  was  $1,- 
520,256.  The  figures  for  rectifier 
tubes  are  even  less  informative  in 
this  field.  On  the  basis  that  half 
the  1939  output  noted  above  went 
to  amateurs,  plus  an  equal  dollar 
volume  of  tubes  in  other  classes, 
and  that  1937  was  a good  year  and 
50  percent  higher  than  1939,  the  to- 
tal reaches  $700,000  as  a rounded 
topside  figure  which  would  appear 
to  be  a satisfactory  postwar  figure 
to  use. 

Tubes  of  file  So-Called  Industrial  Type 

In  1937,  there  were  five  tube 
manufacturers  that  built  the  great 
majority  of  industrial  tubes.  In 
1944,  there  were  at  least  12  compar- 


able tube  producers  in  the  field. 

Thyratrons— Such  tubes,  par- 
ticularly in  the  smaller  sizes  below 
the  rating  of  i ampere,  will  be  used 
in  relatively  large  quantities  in  in- 
dustrial applications.  The  life  will 
have  to  be  long  for  acceptance  and 
probably  for  a number  of  years  to 
come  the  new-equipment  market  for 
tubes  will  far  exceed  the  replace- 
ment market.  This  business 
amounted  to  about  $350,000  in  1937, 
but  it  might  well  reach  a yearly 
total  of  $1,500,000  in  the  early  post- 
war period. 

Sealed  Ignitrons  for  Industrial 
Control—' This  field  has  expanded 
tremendously  in  the  past  five  years 
and  many  of  the  tubes  and  items  of 
equipment  now  used  for  war  can  be 
converted  to  peacetime  production. 

A total  of  $750,000  per  year  would 
appear  to  be  an  optimistic  estimate. 

Ignitrons  for  Power  Conversion 
—Here  the  picture  can  be  likened  to 
a certain  extent  to  high-frequency 
heating  in  that  a very  long  tube 
life  is  required.  By  the  end  of  the 
war,  there  may  be  something  l*e 
2400  sockets  in  service.  On  the 
basis  of  a three-year  life,  this  rep- 
resents a renewal  figure  of  approxi- 
mately 800  per  year,  which  corres- 
ponds to  a requirement  of  about 
three  tubes  per  working  day.  This 
field,  particularly  in  the  higher 
power  sizes,  is  much  nearer  a sa 
uration  point  than  is  the  case  or 
high-frequency  heating.  Lets  as 
sume  that  five  tubes  per  day,  or 
1250  tubes  per  year,  would  taxe 
care  of  the  demand,  including  new 
installations.  At  an  average  fig«o 
of  $200  per  tube,  this  represents  a 
business  of  $250,000  per  year. 


Ik 


High-Voltage  Rectifier* 

High-voltage  kenotron  rectifiers 
are  used  for  such  applications 
dust  precipitation,  cable  tes  m . 
paint  spraying  and  paint  de- 

ing.  This  business  amounted  w 

only  about  $10,000  in  198 
tainly  an  estimate  of 
ample  for  a postwar  year.  e 

always  a possibility,  of  course,  «ia 

some  new  application  in  the  c 
ical  or  petroleum  industry  wi 
ate  a large  demand  for  tubes  of  Ur- 
type  but  how  soon  such  a ® 
would  build  up  and  the  num  e 
volved  cannot  be  subject  to  any 
estimating. 
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i chief  uses  for  cathode- 
| are  in  oscilloscopes  and 
Id  of  television.  It  seems 
robable  that  for  at  least 
s to  come  television  re- 
11  be  sold  under  an  aver- 
^of  {150.  U.  S.  census  dig- 
ested sales  of  5654  radio- 
combinations costing 
1 1939,  which  for  these 
} a better  year  than  1937. 

a television  receiver 
| purchaser  more  potential 
®ent,  In  general,  how- 
r of  individuals  in 
served  areas  who  will 
J equipment  of  this  sort  at 
i several  hundred  dollars 
hlf  limited.  Assuming  a 
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won  receivers  and  20,000 
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swer  appears  to  be  that  while  it  is 
true  that  there  will  be  tens  of 
thousands  and  maybe  hundreds  of 
thousands  of  these  applications, 
well  over  99  percent  of  them  will 
use  only  standard  receiving-type 
tubes  and  the  number  so  used  is 
very  small  in  comparison  with  those 
sold  for  use  in  home  radio  receivers. 

Th*  Export  Hold 

The  census  figures  for  the  pre- 
war years  included  tubes  exported. 
The  question  arises,  therefore,  to 
what  extent  the  percentage  of  tubes 
manufactured  during  the  early 
postwar  years  for  export  will  ex- 
ceed the  prewar  percentage  figure. 
There  are  high  hopes  that  this  per- 
centage will  increase  markedly.  To 
offset  this,  however,  it  is  probable 
that  the  war  surplus  stocks  of  tubes 
will  be  found  particularly  suited 
for  use  in  this  field. 

Tho  Tim*  Elomoat 

In  any  series  of  estimates,  such 
as  in  this  article,  one  of  the  biggest 
uncertainties  is  the  time  element. 
Certain  uses  will  develop  more 
quickly  than  others.  We  have  at- 
tempted here  to  arrive  at  some  fig- 
ure applicable  to  an  early  postwar 
year. 

The  total  output  of  vacuum  tubes 
in  the  U.  S.  over  a period  of  prewar 
years  has  shown  a fairly  steady 
growth  and  there  is  no  reason  to  be- 
lieve that  this  normal  growth  has 
approached  saturation  or  even  that 
it  has  reached  its  maximum  rate  of 
growth.  The  whole  question  is : To 
what  level  will  the  business  drop 
before  resuming  its  steady  growth 
after  the  war  demand  has  been 
terminated? 

In  emphasizing  the  importance 
as  well  as  the  uncertainty  of  the 
time  element,  the  following  quota- 
tion from  an  address  by  Willard 
Chevalier  of  the  McGraw-Hill  Pub- 
lishing Company  seems  most  apt:* 

“The  very  mention  of  the  word 
‘electronics*  lays  open  a vast  field 
for  speculation  as  to  its  particu- 
lar part  in  the  broader  program 
for  technology  in  the  postwar 
world.  Unfortunately  crystal  gaz- 
ing has  its  disadvantages.  The 
prophet  who  looks  into  his  globe 
and  sees  electronics  doing  most 
of  the  work  of  the  home  and  the 
factory  of  the  future  should  have 
another  crystal  ball  handy  into 
which  he  could  peer  and  deter- 
mine the  date  upon  which  these 


developments  will  be  available  to 
the  customers.” 

Racopitaiatioa 

The  following  table  brings  to- 
gether what  may  be  termed  opti- 
mistic figures  given  in  the  preced- 


ing paragraphs : 

Receiving  Tubes  $89,000,000 

Tranxmittmg  Tuba 

Tetoriaoo,  F-M  and  A-M  Broad. 3,400,000 

Government  Radio  and  Radar 3,000,000 

. Tranaooeanic,  Marine,  Toll 230,000 

Aida  to  Naviiatioo 700,000 

Aviation  Common icatian 1,000,000 

Mobile  and  Emergency 700,000 

Radio  Relay 000,000 

Hjgh-Fmquency  Heating 300,000 

Medioal  Field 000.000 

Amateur  and  Experimental 700,000 

Industrial  Tubes 

Thyratroaa 1,000,000 

Ignitrons  for  Control 750,000 

Ignitrona  for  Power  Cou version 280,000 

High-Voltage  ReetiEen 80,000 

Photoelectric  Tubee 200,000 

Cathode-Ray  Tubes 1 ,100,000 

Miscellaneous 1 ,000,000 


300,000,000 

No  figures  have  been  released  on 
the  total  production  of  electron 
tubes  in  the  United  States  during 
the  past  few  years.  However,  the 
WPB  has  released  figures  on  total 
production  of  military  items  of 
communication  and  electronic  equip- 
ment for  1940  to  1944,  inclusive. 
For  1943  and  1944,  the  yearly 
average  was  $3,000,000,000  or  over. 
On  the  basis  that  10  percent  to  15 
percent  of  this  volume  represented 
tubes  (including,  of  course,  the 
high  ratio  of  wartime  spares)  this 
would  give  a total  tube  production 
approaching  $400,000,000. 

Editor’s  Note:  Since  this  paper 
was  written,  the  WPB  has  released 
figures  on  electron-tube  production 
for  19 44.  It  shows  a grand  total  of 
approximately  $106,000,000,  which 
is  close  to  the  author’s  estimate. 

If  receiving  tubes  are  subtracted 
from  this  total,  there  would  remain 
at  least  $300,000,000  for  all  types 
as  compared  with  the  $16,000,000 
volume  estimate  for  a postwar  year. 
This  may  seem  like  a tremendous 
decline  but  if  compared  with  the 
corresponding  figure  of  a little  un- 
der $5,000,000  for  1937  it  repre- 
sents a pretty  healthy  rate  of 
growth. 
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Wire  Splice  Detectof 


Steel  wire  is  magnetized  by  passing  it  between  the  poles  of  two  magnets.  The  i 
poles  created  at  discontinuities  trigger  an  electronic  circuit  when  the  wire  is] 
through  a detector  coil.  Aural  and  visual  indications  are  given 


The  splice  detector  to  be  de- 
scribed utilizes  magnetic  poles 
created  at  splices  in  steel  wire  to 
operate  an  audible  and  visual  alarm. 

The  wire  under  test  is  magne- 
tized longitudinally  by  passing  it 
through  a strong  magnetic  field.  It 
is  then  passed  through  a detector 
coil  in  which  voltages  are  generated 
by  the  motion  of  the  magnetic  poles 
produced  at  the  discontinuities.  The 
voltage  thus  generated  is  amplified 
and  impressed  upon  a thyratron 
trigger  tube  which  operates  a buz- 
zer, giving  an  audible  signal.  The 
buzzer  is  also  connected  to  a tele- 
phone receiver,  which  allows  the 
signal  to  be  heard  in  noisy  loca- 
tions. A visual  signal  is  provided 
by  a cathode-ray  tube. 

The  sensitivity  of  the  apparatus 
is  such  that  it  is  possible  to  detect 
a single-strand  splice  in  paired  wire 
containing  a total  of  14  steel 
strands. 

General  Description 

The  apparatus  which  makes  up 
the  splice  detector  is  shown  in  Fig. 
1.  The  magnet  assembly,  through 
which  the  wire  is  passed  first,  is 
shown  on  the  right  of  the  photo- 
graph. The  coil  which  responds  to 
magnetic  discontinuities  in  the 
wire  is  shown  at  the  left. 

The  detector  apparatus  is  shown 
in  the  center  of  the  photograph. 
Connection  to  the  116-v  60-60  cycle 
a-c  supply  is  made  at  the  left  end  of 
the  box.  The  telephone  set  is  plug- 
ged in  on  the  right  side.  The  detec- 
tor coil  is  connected  at  the  right 
rear.  The  control  on  the  left  of  the 
front  panel  is  the  power  switch. 
Next  to  it  is  a switch  used  for  re- 
storing the  circuit  to  normal  after 
the  gas  tube  is  triggered.  The  in- 
dicator tube  is  mounted  so  that  it  is 
viable  through  the  circular  win- 
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Field  wile  may  now  be  laid  from  an 
airplane  by  mean*  oi  apparatus  such 
as  ibis,  shown  being  installed  in  an 
Army  C- 47,  The  splice  detector  is  par- 
ticularly valuable  in  checking  such 
wire,  since  discontinuities  are  ireguently 
masked  by  insulation 


dow  at  the  center  of  the  panel.  The 
sensitivity  control  for  the  detector 
is  at  the  extreme  right  on  the  front 
panel.  This  control,  designed  for 
screw-driver  operation  to  prevent 
accidental  changes  in  adjustment, 
determines  the  triggering  point  of 
the  gas  tube.  The  screwdriver  con- 
trol next  to  the  sensitivity  control 
is  used  to  adjust  the  shadow  angle 
of  the  indicator  tube. 

The  magnet  assembly  consists  of 
two  horseshoe  magnets  having  very 
high  field  strength.  They  are  held 
against  a square  brass  bar,  with 
the  two  north  poles  facing  each 
other.  The  wire  passes  through  a 


l-in.  longitudinal  hole 
The  small  size  of  the  hoi 
uniform  magnetization  of  f 
Its  length  prevents  sidev 
near  the  magnetic  poles. 

The  detector  coil  i 
turns  of  wire  wound 
spool,  having  a 
core  for  passage  of  the  wn£::i1 
minimum  dimension  of  the 
such  that  the  turns  can  lx 
in  close  proximity  to  the  wii 
passes  through.  The  coil  i 
sufficiently  long  to  prevent  1 
being  generated  due  to  whip 
the  wire.  The  coil  rnoun 
made  of  wood. 

Circiit  Detaili 

A schematic  diagram  of 
tector  circuit  is  shown  in  F 

Volatges  due  to  irregula? 
the  wire,  generated  in  the « ..  ,T 
coil,  are  fed  into  a two-staj 
age  amplifier  utilizing  tub  ,/ 
and  VT,.  The  amplifier  out 
erates  a thyratron  trigga  ■, 
VT„  which  operates  a ... 
through  a relay. 

The  circuit  constants  of  t , 
plifier  were  selected  to  obtah 
mum  gain  consistent  with  go 
formance  at  the  frequence 
mally  encountered,  and  to  I 
the  need  of  screen  bypass  i 
tors.  Excellent  stability  is  acl 
Filtering  is  employed  in  the  . 
circuits  of  each  stage  to  att 
high-frequency  voltages  pid 
in  the  coil.  It  has  been  foiaj 
minute  magnetic  irregularit 
the  wire  cause  such  high-fre< 
voltages  to  be  generated,  and  - 
voltages  might  trigger  the 
tron  were  it  not  for  the 
filters. 

The  normal  frequency  of  * - 
pulse  generated  at  wire  sp  i 
10  to  30  cps,  depending  upo  ; 
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FIG.  1 — The  equipment,  complete  with  built-in  power  supply.  The  mag- 
nedier  is  at  the  right,  the  detector  coil  at  the  left  and  the  amplifier-trigger- 
indicator  unit  at  the  center.  Single-strand  splices  in  paired  wire  containing  a 
total  of  14  steel  strands  are  readily  located 


Oscillogram  showing  the  nature  of  the 
amplified  pulse  produced  when  a 
lapped  splice  passes  through  the  de- 
tector coil 


speed  of  the  wire  as  it  travels 
through  the  coil. 


The  thyratron  detector  is  a gas 
tube.  The  plate-circuit  d-c  relay 
operates  on  10  milliamperes.  Re- 
sistor R,  is  placed  in  series  with  the 
relay  winding  to-  restrict  the  plate 
current  of  the  thyratron  to  the 
limits  of  the  relay  winding,  the 
tube  and  the  power  supply.  There 
is  also  a normally-closed  switch  SW 
in  the  plate  circuit,  the  operation 
of  which  will  restore  the  trigger 
circuit  after  the  tube  has  operated. 
The  sensitivity  control  jP„  in  the 
trigger  tube  input  circuit,  permits 
the  bias  on  the  grid  to  be  varied 
through  a range  of  0 to  12-volts 
negative,  for  close  adjustment  of 
trigger  action. 


A visual  signal  is  obtained 
the  use  of  the  indicator 
tube  VT„  which  is  connected  to  the 
output  of  the  amplifier  in  parallel 
with  the  trigger  tube.  The  shadow 
“gle,  which  varies  to  indicate 
“.age  changes,  has  a sensitivity 
adjustment  from  0 to  20-volts  nega- 
tive, through  P._. 

Jrrf0rmw  T has  a center- 
r , kigh-voltage  secondary 
at  650  volts,  40  milliamperes 
type  regulator  tubes 
a ’ n T' are  connected  in  series 

tube  VT  6 TPUt  °f  the  rectiflel 
tiali„  * and  maintain  a substan- 
y constant  potential  of  21( 
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volts.  The  filtering  resistors  R„  R, 
were  selected  so  that  the  current 
through  the  regulator  tubes,  with 
the  plate  circuits  to  the  test  set  dis- 
connected, was  approximately  80 
milliamperes.  It  is  essential  that 
the  voltage  regulators  be  operated 
near  their  maximum  rated  current 
with  minimum  load  current  on  the 
set 

Operation 

When  using  the  splice  detector,  it 
is  essential  that  the  magnet  be 
placed  in  line  with  the  coil  and 
separated  from  it  by  approximately 
three  feet,  in  order  to  prevent  stray 


magnetic  fields  from  influencing 
the  coil.  It  is  also  necessary  to 
polarize  the  magnet  and  the  coil 
properly.  The  magnets  and  the  coil 
should  be  so  related  that  the  initial 
voltage  generated  in  the  coil  will 
impress  a positive  voltage  on  the 
grid  of  the  trigger  tube,  thereby 
reducing  the  negative  bias  on  the 
grid  and  causing  it  to  fire.  The  time 
constants  of  the  circuit  are  such 
that  if  the  negative  half-cycle  of 
the  voltage  is  impressed  first,  the 
full  effect  of  the  succeeding  positive 
half-cycle  is  not  realized  and  the 
circuit  is  less  sensitive  and  unre- 
liable in  operation. 
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The  SCR-268  RADAR 


Developed  before  the  war  by  the  Signal  Corps,  the  SCR-268  has  seen  service  on  all  fronts 
detecting  enemy  aircraft,  directing  searchlights  and  guns  toward  them.  Surpassed  in  per- 
formance, and  captured  by  the  Germans  and  Japanese,  it  may  now  be  described 


ON  THE  EVENING  of  May  26, 
1937,  Mr.  Harry  Woodring, 
the  Secretary  of  War,  stood  with  a 
group  of  officers  and  civilian  scien- 
tists on  a held  of  the  Signal  Corps 
Laboratories  at  Fort  Monmouth, 
New  Jersey.  Before  them,  spread 
over  the  field,  were  the  transmitter 
and  receivers  of  a radio  detector, 
the  SCR-268  prototype.  Connected 
with  the  radar  were  the  controls 
of  a standard  anti-aircraft  search- 
light. 

As  prearranged,  an  Army  air- 
craft flew  over  the  field  in  the 
darkness.  Three  enlisted  men,  view- 
ing oscilloscopes,  put  the  radar  "on 
target”  and  tracked  it  across  the 
sky.  When  tracking  was  estab- 
lished, the  command  was  given  to 
light  the  searchlight.  As  the  light 
pierced  the  darkness,  the  aircraft, 
caught  in  the  beam,  became  visible 
to  those  on  the  ground. 

The  next  day,  orders  were  given 


to  move  the  equipment  to  a remote 
corner  of  Fort  Hancock,  where  se- 
crecy could  be  better  preserved.  In 
the  eight  years  that  have  inter- 
vened, secrecy  has  been  the  watch- 
word of  radar  development.  But  in 
November  1944,  the  SCR-268  was 
reduced  in  classification  from  “con- 
fidential” to  “restricted”.  By  that 
time,  the  equipment  had  been  cap- 
tured, with  crews  and  instruction 
books,  by  the  Germans  and  the 
Japanese.  Moreover  it  had  been  far 
surpassed  by  later  radar  equip- 
ments. While  still  in  use,  the  268 
was  obsolescent,  almost  antique. 

When  the  editors  of  Electronics 
first  approached  Signal  Corps  au- 
thorities for  permission  to  describe 
the  SCR-268,  they  were  asked  "Why 
do  you  want  to  describe  that  set?” 
The  answer,  not  obvious  to  those 
working  in  the  radar  field,  is  that 
the  greater  part  of  the  electronics 
industry  has  never  seen  a radar 


set,  or  a technical  description  of 
one,  in  any  form.  The  SCR-268,  by 
virtue  of  its  early  development  and 
wide  employment  in  the  war,  is  not 
only  a significant  milepost  in  radar 
development,  but  the  first  radar  to 
reach  such  a venerable  position  that 
describing  it  would  offer  no  aid  or 
comfort  to  the  enemy. 

■otic  Elenratt 

A radar  detects  the  presence  and 
position  of  objects  by  means  of  re- 
flected radio  waves.  In  the  case  of 
the  SCR-268,  the  “object”  is  ordin- 
arily an  aircraft,  and  the  radio 
waves  are  projected  in  sharp  bursts 
or  “pulses”  at  a rate  of  4098  per 
second.  A pulse  is  transmitted 
every  244  microseconds.  Each  pulse 
is  of  extremely  short  duration,  ap- 
proximately six  microseconds.  Be- 
tween pulses,  there  is  a period  of 
about  240  microseconds  during 
which  the  radar  receivers  may  de- 
tect the  echoes  reflected  from  the 
target  aircraft 

When  the  radar  detects  a target, 
the  position  of  the  aircraft  is 
indicated  in  three  coordinates, 
known  as  the  slant  range,  the  eleva- 
tion (or  angular  height),  and  the 
azimuth.  The  slant  range  is  the  dis- 
tance from  the  radar  to  the  target 
The  elevation  is  the  vertical  angle 
subtended  at  the  radar  by  the  target 
and  the  ground  plane.  The  azimuth 
is  the  horizontal  angle  subtended  at 
the  radar  by  the  target  and  true 
north.  The  target  coordinates  are 
illustrated  in  Fig.  1. 

The  radar  measures  the  range  of 
the  target  by  timing  the  interv 
between  transmission  of  a pulse  an 
reception  of  the  echo.  Since  radio 
waves  travel  at  a velocity  of  0.1 
miles  per  microsecond,  for  eac 
microsecond  in  the  interval  e 
wave  travels  0.186  miles  round  trip 
from  radar  to  target  and  back.  Ac- 
cordingly, the  distance  to  the  targe 
is  0.093  miles  for  each  microsecond 


Antenna 

mount  '7*^. 


XX 


m ™ 


FIG.  1— Artist's  sketch  Illustrating  a typical  setup,  including  power  supply  and 
transporting  trucks 
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FIG.  2— Th»  SCR-268  radar,  soon  from  tho 
bock  or  control  position,  showing  tho  azi- 
muth rscohring  array  at  tho  loft,  tho  oIoyo- 
t*on  rocoiring  array  at  tho  right  and  tho 
transmitting  array  In  tho  contor 
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in  the  interval.  If  the  measured 
interval  between  transmission  and 
reception  is  100  microseconds,  the 
range  of  the  target  is  9.3  miles.  The 
maximum  interval  which  can  be 
accommodated  is  the  interval  be- 
tween pulses,  or  about  240  micro- 
seconds. Consequently,  the  maxi- 
mum detection  distance,  as  deter- 
mined by  the  pulse  interval,  is 
0-093  x 240  = 22  miles.  Sufficient 
power  in  the  transmitter  and  sensi- 
tivity in  the  receivers  are  provided 
to  produce  a discernible  echo  from 
an  aircraft  at  this  distance. 


The  azimuth  and  elevation  angles 
are  measured  by  noting  the  angles 
at  which  the  receiving  arrays  are 
Pointed  with  respect  to  true  north 
*n  the  ground  plane  as  the  target 
“ observed.  In  the  SCR-268  twc 
irective  receiving  aerials  are  pro- 
71  ed,  the  azimuth  and  elevation 
*5rays;  The  reception  pattern  oi 
azimuth  away  is  a fan-shaped 
gure  with  a long  vertical  axis.  The 
■ ..rn  the  elevation  array  is 
“ar,  but  rotated  through  90  de 

horizontal1  ^ ‘°ng  ““  if 


The  target  information  gathered 


FIG.  3 — Simplified  block  diagram  ihowing  basic  component,  oi  the  equipment 
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FIG.  4 — Functional  block  diagram  oi  the  SCR-268  radar  keying  unit 


by  the  radar  is  transmitted  auto- 
matically to  control  circuits  which 
keep  the  searchlight  or  anti-aircraft 
gun  trained  in  the  direction  (azi- 
muth and  elevation)  indicated  by 
the  radar.  Thus  when  the  radar  is 
on  the  target  the  searchlight  or  gun 
is  also  on  the  target  and  can  il- 
luminate or  fire  at  the  will  of  the 
artillery  officer. 

The  reflection  of  radar  signals  is 
a highly  inefficient  process.1  The 
power  radiated  in  the  pulse  dis- 
perses with  the  square  of  the  dis- 
tance as  it  travels  to  the  target,  and 
the  power  in  the  echo  disperses  at 
the  same  rate  as  it  returns  to  the 
radar.  It  follows  that  the  power 
available  to  actuate  the  receivers 
falls  off  as  the  fourth  power  t f the 
distance  to  the  target.  This  1 leans 


that  an  increase  of  16  times  in 
power  (12  db)  is  required  to  double 
the  maximum  range  of  a radar 
viewing  a given  target  in  empty 
space.  Thus  an  aircraft  which  is 
easily  visible  at  6 miles,  using  mod- 
erate power  and  receiver  sensitiv- 


ity, may  be  completely  invisible  at 
20  miles. 

This  reasoning  points  to  the 
necessity,  of  employing  the  highest  I 
possible  power  in  the  transmitter 
and  the  greatest  possible  sensitivity 
in  the  receiver.  In  the  SCR-268, 
the  peak  power  of  the  pulses  is  75 
kilowatts,  and  the  receivers  are 
sensitive  to  a signal  power  of  0.1 
of  a micromicrowatt  (10'“  watt). 
Judged  by  pre-war  standards,  these 
are  remarkable  achievements  at  the 
frequency  (205  me)  at  which  the 
radar  operates.  But  by  present 
standards  the  transmitter  power  is 
not  outstanding,  and  the  receiver 
performance  is  poor.  Nevertheless, 
the  power  and  sensitivity  are  ade- 
quate to  detect  aircraft  at  distances 
up  to  22  miles,  provided  the  air- 
craft is  not  too  close  to  the  horizon. 

General  Description 

The  SCR-268  is  pictured  in  Fig. 
2.  The  radar  components  are 
mounted  on  a trailer.  In  addition, 
four  large  trucks  are  required,  one 
supplying  primary  power,  another 
supplying  high  voltage  for  the 
transmitter,  and  two  for  the  trans- 
portation of  the  radar  components. 

The  trailer  consists  of  a rotatable 
pedestal  which  carries  three  an- 
tenna arrays.  From  left  to  right 
as  seen  from  the  back  of  the  equip- 
ment, these  are  the  azimuth  receiv- 
ing array,  the  transmitter  array, 
and  the  elevation  receiving  array. 
Behind  each  receiving  array  is  the 
corresponding  receiver.  Atop  the 
pedestal  is  the  transmitter.  Directly 
below  the  transmitter  are  three  os- 
cilloscopes, with  bucket  seats  in 
front  of  them.  Here  the  three  opera- 
tors observe  the  azimuth,  elevation 
and  range,  turning  handwheels 
which  keep  the  radar  pointed  at  the 
target.  The  handwheels  are  con- 


FIG.  5 — Simplified  .chematic  ol  the  modulator,  which  produce!  ware  lone* 
shown  In  Fig.  6 


:*Si 

iis 

pi 


September  IMS  - ELECTRONICS 


'igitized  by 


The  azimuth  receiver  is  connected 
to  a similar  oscilloscope  which  dis- 


nected  also  to  the  converter  which 
transmits  the  target  coordinates  to 
the  associated  searchlight  control  or 
gun  director.  On  the  ground  beside 
the  trailer  are  the  keyer  and  modu- 
lator units  which  drive  the  trans- 
mitter. 

The  SCR-268  weighs  82,315 
pounds,  complete  with  all  auxiliaries 
and  trucks.  It  consumes  15  kva  of 
power.  Despite  these  large  figures 
it  can  be  (and  has  been)  set  up  and 
ready  for  operation  within  a few 
hours  of  being  put  ashore  at  a 
beachhead. 

The  block  diagram,  Fig.  3,  shows 
the  flow  of  the  signal  through  the 
equipment.  At  the  left  are  the 
transmitter  components,  which  com- 
prise a separate  group.  The  keyer 
establishes  the  basic  timing  of  the 
transmitted  pulses  at  4098  per  sec- 
ond and  produces  the  short  (3  to  9 
microsecond)  pulses  which  drive  the 
modulator.  The  modulator  raises 
the  power  level  of  the  keyer  output 
and  applies  modulating  pulses  to  the 
transmitter.  The  transmitter  is  a 
self-excited  tuned-plate  tuned-grid 
oscillator  consisting  of  16  tubes  in 
a ring  circuit.  The  transmitter 
output  is  applied  to  the  transmit- 
ting array,  which  radiates  a beam 
of  circular  cross  section  approxi- 
mately 10  degrees  wide. 

When  the  transmitted  beam  en- 
counters a target,  the  echo  is  re- 
turned to.the  two  receiving  arrays. 
The  directivity  of  these  arrays  is 
about  12  degrees  in  the  azimuth  ar- 
ray and  9 degrees  in  the  elevation 
array.  By  means  of  receiving  an- 
tenna ‘lobe  switching”,  to  be  de- 
scribed later,  the  directivity  in  azi- 
muth and  elevation  is  refined  to 
about  ±1  degree  in  each  coordinate. 

The  signal  received  by  the  eleva- 
tion array  is  passed  to  the  elevation 
receiver  and  thence  to  two  cathode- 
ray  indicators.  One  indicator  dis- 
plays the  range  of  the  target,  the 
utter  the  elevation.  Both  are  “type 
A indicators,  that  is,  they  are  es- 
sentially similar  to  a conventional 
ttst  oscilloscope.  The  cathode-ray 
*am  1®  driven  by  a sweep  circuit 
st  constant  speed  from  left  to  right. 

e echo  signal  from  the  associated 
receiver  is  applied  to  the  vertical 
e ection  plates  so  that  the  beam 
>s  effected  upward  whenever  an 
«ho  is  received.  At  the  left  end  of 
e osciiiog^pg  trace  j.jje  trang_ 
™tt€d  P^e  appears.  This  estab- 
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lishes  the  “zero”  of  the  time  scale. 
The  distance  from  the  transmitted 
pulse  to  the  echo,  measured  on  the 
range  indicator,  gives  the  distance 
to  the  target,  or  range. 

The  elevation  indicator  is  similar, 
except  that  two  echoes  are  dis- 
played, slightly  displaced  from  one 
another.  The  two  echoes,  known  as 
the  "split  image”,  are  produced  by 
shifting  the  directivity  pattern  of 
the  elevation  array  slightly,  at  a 
rapid  rate,  by  the  receiving  antenna 
lobe-switching  method.  The  oper- 
ator adjusts  the  elevation  array  un- 
til the  two  echoes  in  the  split  image 
have  the  same  height.  The  array  is 
then  pointed  directly  at  the  target 
within  the  one-degree  error  previ- 
ously mentioned. 


plays  a split  image  produced  by 
shifting  the  pattern  of  the  azimuth 
array.  The  operator  at  this  indi- 
cator adjusts  the  orientation  of  the 
azimuth  array  until  the  two  pulses 
in  the  split  image  are  of  equal 
height.  The  azimuth  array  is  then 
pointed  at  the  target  within  1 de- 
gree accuracy. 

The  remaining  items  shown  in 
Fig.  3 are  the  repeaters  and  con- 
verters which  transmit  the  target 
information  in  suitable  form  to  the 
searchlight  or  gun  director.  The 
principal  electronic  component  here 
is  the  range  unit,  which  introduces 
a time  shift  in  the  deflection  cir- 
cuits of  the  range  indicator.  When- 
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the  operator  turns  the  range  hand- 
wheel,  the  radar  echo  is  moved 
horizontally  on  the  indicator  screen. 
This  permits  the  echo  to  be  placed 
over  a specific  reference  point, 
from  which  the  range  may  be  read 
accurately.  The  range  accuracy  of 
the  SCR-268  is  plus  or  minus  200 
yards. 

The  high  voltage  power  rectifier 
supply  for  the  transmitter  is 
mounted  in  a separate  truck  as 
previously  mentioned.  This  latter 
rectifier  has  a capacity  of  500 
milliamperes  at  15,000  volts.  Since 
the  output  drain  on  this  power  sup- 
ply is  confined  to  periods  less  than 
nine  microseconds  long,  with  240 
microsecond  intervals  between 
them,  the  filter  required  is  not 
large. 


Tko  Keying  Unit 


FIG.  7 — Simplified  ochomotic  ol  the  SCH-2B8  radar  tranimltter.  showing  |uit 
four  of  the  sixteen  type  100TB  tubes  used  In  a ring  circuit 


The  heart  of  the  radar  is  the  key- 
ing unit,  which  establishes  the  basic 
timing  of  the  system.  The  keyer 
must  first  establish  the  rate  at 
which  the  pulses  are  sent  out,  4098 
per  second.  Secondly,  it  must  pro- 
duce individual  pulses  of  the  requi- 
site short  duration,  and  it  must  pre- 
vent any  undue  variation  in  the 
length  of  successive  pulses. 

The  output  of  the  keyer  is  used 
to  drive  the  modulator  tubes,  which 
are  cut  off  between  pulses  by  a 
heavy  negative  bias.  The  keyer  out- 
put is,  therefore,  a positive  pulse 
capable  of  overcoming  this  negative 
bias  and  driving  the  modulator 
grids  well  into  the  positive  region. 
These  requirements  add  up  to  a 
formidable  total.  The  keyer  must 
provide  an  accurately  timed  pulse  of 
from  three  to  nine  microseconds 
length,  and  of  some  3500-volts  peak 
amplitude.  This  requirement  is  met 
by  the  use  of  eleven  tubes  in  the 
keyer  unit,  two  of  which  are  power 
supply  rectifiers. 

Figure  4 is  a simplified  schematic 
of  the  keyer  unit.  The  basic  tim- 
ing element  is  the  4098-cps  oscilla- 
tor (6SJ7  at  the  top  of  the  dia- 
gram). This  is  an  electron-coupled 
oscillator  of  the  Hartley  type.  Two 
outputs  are  taken  from  the  oscilla- 
tor, one  intended  for  the  range 
unit  and  the  other  for  the  keyer 
proper.  The  former  path  consists 
of  two  amplifiers  and  a 4098-cps  fil- 
ter, the  output  of  which  is  a 4098- 
cps  sinewave  of  50  volts  peak  ampli- 


tude. The  latter,  or  keyer,  path 
starts  at  the  oscillator  plate,  which 
provides  a flattened  (non-sinus- 
oidal)  wave.  This  voltage  is  passed 
through  a coupling  circuit  (0.01 
/if  series  capacitances,  with  100,000- 
ohm  and  50,000-ohm  shunt  resist- 
ance) which  sharpens  the  oscillator 
output.  The  sharpened  wave  is 
then  applied  to  an  over-driven 
(grid-current  limiting)  amplifier 
which  flattens  the  wave  again,  but 
by  this  time  the  pulse  possesses  a 
much  sharper  leading  edge.  Follow- 
ing is  a peaking  circuit  of  very 
short  time  constant  (0.00005  /if 
and  50,000  ohms)  which  responds 
only  to  the  leading  and  trailing 
edges  of  the  applied  wave.  The 
output  consists  of  a small  short 
positive  pulse,  and  a somewhat 
larger  negative  pulse  which  is  not 
thereafter  used.  These  pulses  are 
applied  to  the  pulse  generator  which 
is  biased  to  cut-off.  It  responds  to 
the  small  pulse,  but  not  to  the  nega- 
tive pulse.  The  output  of  this  stage 
is  a sharp  pulse  of  about  -170  volts 
amplitude. 

The  remaining  portion  of  the 
keyer  is  occupied  with  increasing 
the  peak  voltage  of  this  pulse  and 
reversing  its  polarity.  The  first 
pulse  amplifier  (a  6F6  beam-power 
tube)  is  intended  to  produce  a 
higher  current  pulse,  without  a 
high  voltage  output.  This  current 
pulse  drives  two  6L6  beam  power 
tubes  in  parallel,  the  output  of 
which  is  conducted  to  a pulse  trans- 


former, capable  of  passing  very 
short  pulses.  The  output  of  the 
transformer  is  a double-peaked 
wave  of  about  750-volts  peak-to- 
peak  amplitude,  centered  about  a 
point  two-thirds  up  from  the  nega- 
tive peak.  This  wave  is  applied  to 
the  grid  of  the  final  amplifier,  a 
304TL  triode.  This  tube  is  a high- 
current  thoriated-tungsten  triode, 
consisting  of  four  triode  units  in  a 
single  envelope. 

When  the  pulse  arrives  at  the 
304TL  grid  the  tube  passes  a cur- 
rent of  approximately  1 ampere 
through  a cathode  coupling  resist- 
ance, thus  producing  a pulse  of  3500 
volts  peak  amplitude  across  the  oub 
put.  terminals.  Since  the  tube  is 
biased  to  cut-off,  there  is  no  re- 
sponse to  the  negative  peak.  Be- 
tween pulses,  when  the  304Tb  is 
not  conducting,  its  output  terminals 
are  connected  across  the  B-suppy 
voltage.  One  output  terminal  u 
some  2500  volts  negative  (adjust- 
able by  resistor  R ) with  respect 
ground.  This  is  the  bias  voltage 
for  the  succeeding  modulator  tubes. 
The  use  of  the  cathode-follower  cir 
cuit  in  the  final  keyer  amplifier  Pr<f 
videe  a low  impedance  output,  whic 
permits  conducting  the  short-lengt 
pulses  over  coaxial  cables  to  e 
modulator  unit. 

The  Modulator  Unit 

The  function  of  the  modulator 
unit  is  to  amplify  the  keyer  outpu 
to  a high  power  level,  suitable  o 
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plate-modulating  the  transmitter 
(r-f  oscillator)  proper.  Figure  5 
shows  the  simplified  schematic. 

The  modulator  tubes  (8  type 
304TL  tubes  in  parallel)  act  as  an 
electronic  switch,  under  the  control 
of  the  keyer.  The  electronic  switch 
is  in  series  with  the  storage  capaci- 
tor C.  This  capacitor  is  charged 
continuously  from  the  high  voltage 
power  supply  (15,000  volts) 
through  the  choke  L and  the  block- 
ing diodes  (2  type  250TL  tubes  in 
j parallel).  When  a positive  pulse  is 
! delivered  by  the  keyer  to  the  modu- 
lator grids,  the  modulator  plates 
1 suddenly  conduct.  The  inductor  L 
impedes  any  flow  from  the  power 
supply  through  the  modulators  for 
the  duration  of  the  pulse.  There- 
fore, the  only  source  of  plate  cur- 
rent is  the  storage  capacitor  C. 
This  capacitor  discharges,  during 
the  pulse,  through  the  series  circuit 
composed  of  the  modulator  tubes 
and  the  transmitter  (oscillator) 
tubes.  The  resultant  sudden  pulse 
of  current  causes  the  transmitter 
to  oscillate  and  it  continues  to  do 
so  while  the  pulse  is  applied. 

The  current  passing  through  the 
modulator  tubes  is  about  10 
amperes,  and  the  voltage  drop 
across  them  is  about  3000  volts. 
Hence  12,000  volts  at  10  amperes 
P*a8es  through  the  plate  circuit  of 
the  transmitter.  This  is  a peak 
input  of  about  120  kilowatts,  of 
which  about  76  kw  appears  as  use- 
ful r-f  output  power. 

When  the  modulators  conduct, 
they  form  a closed  circuit  of  which 
the  storage  capacitance  and  the 
senes  inductance  (leads  and  trans- 
mitter tank  circuit)  are  a part. 
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There  is,  therefore,  a tendency  of 
the  current  in  this  circuit  to  oscil- 
late and  over-shoot  in  the  negative 
direction.  This  causes  the  trans- 
mitter to  be  cut-off  sharply  at  the 
conclusion  of  the  pulse.  Any  further 
oscillation  in  the  modulator  circuit 
is  suppressed  by  the  blocking 
diodes. 

Modulator  wave  forms  are  shown 
in  Fig.  6.  It  is  to  be  noted  that  the 
pulse  lasts  only  about  2.5  percent 
of  the  total  time,  so  that  only  a 
small  portion  of  the  charge  stored 
in  capacitor  C is  withdrawn  during 
each  pulse.  The  diodes  permit  this 
charge  to  be  replaced,  at  a slow  rate, 
between  pulses.  But  the  diodes, 
being  one-way  conductors,  have  no 
effect  during  the  pulse  discharge. 

The  Traauriftsr  Proper 

The  function  of  the  transmitter 
is  to  develop  r-f  pulses  of  75  kw 
peak  power.  The  average  power  is 
not  nearly  so  great,  however,  since 
the  transmitter  is  turned  on  only 
2.5  percent  of  the  time  (4098  pulses, 
each  about  6 microseconds  long,  per 
second).  The  essential  problem  of 
the  transmitter  design,  then,  is  pro- 
viding sufficient  emission  in  the 
transmitter  tubes  to  meet  the  mo- 
mentary high  power  requirements. 
The  required  peak  emission,  as  in- 
dicated from  the  discussion  of  the 
modulator  circuit,  is  of  the  order  of 
10  amperes.  No  suitable  tube  was 
available  with  such  emission,  so  it 
was  necessary  to  employ  a large 
number  of  tubes.  The  tubes  are 
type  100TS. 

It  was  not  feasible  to  connect  the 
transmitting  tubes  in  parallel  or  in 
push-pull-parallel  because  the  addi- 
tion of  the  tube  capacitances  would 
prohibit  operation  at  the  high  fre- 
quency desired.  To  avoid  this  diffi- 
culty, the  ring  circuit  was  adopted. 
Essentially,  this  is  a multiple  push- 
pull  tuned-grid  tuned-plate  arrange- 
ment. In  this  circuit,  an  elemen- 
tary form  of  which  is  shown  in  Fig. 
7,  the  tubes  are  separated  by  tuned 
circuits  and  arranged  in  a closed 
ring.  As  shown,  grids  of  adjacent 
tubes  assume  opposite  polarity,  and 
to  sustain  oscillations  the  plate  of 
each  tube  has  the  opposite  polarity 
from  its  grid.  When  an  even  num- 
ber of  tubes  is  employed  in  the  ring, 
the  necessary  alternation  of  grid 
and  plate  polarities  between  adja- 
cent tubes  is  maintained  throughout 


the  ring.  Since  the  tube  capaci- 
tances are  essentially  in  series,  any 
required  number  of  tubes  may  be 
employed.  Sixteen  tubes  are  re- 
quired to  provide  the  necessary 
emission. 

The  tuned  circuits  are  segments 
of  parallel  transmission  lines,  ap- 
proximately half-wavelength  long, 
with  adjustable  shorting  bars.  The 
r-f  current  in  all  the  shorting  bars, 
at  any  instant  of  time,  is  in  the 


FIG.  9 — (a)  Directive  pattern  ai  receiving 
array  with  reflector!  spaced  Ve-wavelength 
apart,  (b)  Doable  receiving  antenna  pat- 
tern. obtained  by  lobe  switching  described 
In  the  text 

same  direction,  so  the  shorting  bars 
form  a virtual  closed  circuit  from 
which  energy  may  be  picked  up  by 
a pick-up  coil.  A single-turn  pick- 
up coil  is  used  to  connect  the  trans- 
mitter to  the  output  transmission 
line. 

The  filament  power  for  the  trans- 
mitter tubes  is  conducted  through 
quarter-wave  concentric  transmis- 
sion lines,  shorted  at  the  input  end. 
These  segments  prevent  absorption 
of  r-f  power  by  the  filament  circuit. 

The  modulator  is  connected  to  the 
transmitter  through  a high-voltage 
slip  ring  which  permits  the  pedestal 
to  turn  when  following  targets 
without  breaking  the  connection. 
The  transmitter  plate  circuits  are 
joined  at  points  below  the  shorting 
bars  and  connected  to  ground.  The 
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modulator  output,  in  the  form  of  a 
high-voltage  negative  pulse,  is  ap- 
plied to  the  transmitter  filaments. 
The  transmitter  grids  are  joined 
at  points  beyond  the  shorting  bars 
and  returned  to  the  filaments 
through  a resistance. 

Trantmlsdo*  Lin*  and  Radiator 

From  the  pick-up  coil,  the  trans- 
mitter output  is  conducted  over  an 
open-wire  transmission  line  to  the 
transmitting  radiator.  The  radia- 
tor consists  of  16  half-wave  dipole 
radiating  elements  and  16  similar 
reflector  elements  spaced  one-quar- 
ter wave  behind  the  radiators.  The 
elements  are  arranged  parallel  to 
each  other,  four  dipoles  wide  and 
four  high,  and  spaced  one-half 
wavelength  in  the  plane  of  the 
array.  Horizontal  polarization  is 
used. 

The  dipole  radiator  elements  are 
interconnected  cross-wise  at  their 
ends  as  shown  in  Fig.  8.  Thus  the 
current  in  each  half-wave  segment 
in  the  array  flows  in  the  same  direc- 
tion, at  any  instant  of  time,  and 
there  is  complete  cancellation  of  the 
r-f  field  in  the  plane  of  the  array. 
The  field  is  a maximum  along  an 
axis  at  right  angles  to  the  plane  of 
the  array,  thus  providing  the  neces- 
sary directivity  of  transmission. 
The  transmitting  antenna  beam 
width  is  about  10  degrees  wide  be- 
tween the  3-db  points,  that  is,  the 
field  radiated  five  degrees  off  the 
axis  is  3 db  less  than  the  field  along 
the  axis.  The  gain  of  this  radiator, 
relative  to  an  isotropic  (point- 
source)  radiator,  is  about  400  times. 
Thus  the  effective  power  radiated  to 
the  target  is  about  400  x 75  kw  = 
30,000  kw.  A matching  stub  is 
used  on  the  transmission  line  to 
match  the  impedance  at  the  ends  of 
the  dipoles. 

Receiving  Arrays  and  lobe  Switching 

The  receiving  arrays  are  very 
similar  to  the  transmitting  radia- 
tor, differing  only  in  shape  and  in 
the  provision  of  lobe  switching.  The 
azimuth  array  is  six  dipoles  wide 
and  four  dipoles  high,  with  a sim- 
ilar number  of  reflectors.  The  radi- 
ation pattern  formed  by  this  ar- 
rangement is  a fan-shaped  figure 
with  its  long  dimension  in  the  verti- 
cal plane,  which  permits  discrim- 
ination in  the  azimuth  (left-right) 
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coordinate.  The  elevation  array  is 
arranged  two  dipoles  wide  and  six 
dipoles  high  with  corresponding  re- 
flectors. The  radiation  fan  in  this 
case  has  its  long  dimension  in  the 
horizontal  direction,  an  arrange- 
ment suitable  for  discriminating  in 
the  elevation  (up-down)  coordinate. 

Both  receiving  arrays  are  ar- 
ranged for  lobe  switching  to  refine 
the  accuracy  of  the  angular  indi- 
cations. The  technique  is  as  fol- 
lows : The  directivity  pattern  of  an 
array  is  a lobe-shaped  figure  like 
that  shown  in  Fig.  9(a).  Suppose, 
first,  that  two  arrays  are  used  side 
by  side  at  a slight  angle  to  one 
another.  Then  two  overlapping 
lobes  are  provided.  The  signals  re- 
ceived from  the  two  arrays  are  of 
equal  amplitude  when  the  signal 
arrives  from  a direction  midway 
between  the  two  lobes  as  along  line 
OC  in  Fig.  9(b).  If  the  signal  ar- 
rives from  the  left  the  signal  from 
the  left-hand  lobe  predominates, 


whereas  a signal  from  the  right 
causes  maximum  amplitude  in  the 
right-hand  lobe.  The  sharp  slope 
of  the  lobe  patterns  at  their  inter- 
section makes  the  direction  of  equal 
amplitude  correspondingly  precise. 

The  technique  of  lobe-switching 
provides  a double-lobe  pattern  from 
a single  array.  The  array  is 
divided  into  two  halves  (left  and 
right  halves  in  the  azimuth  array) 
which  are  connected  not  by  cross- 
wires  as  in  the  transmitting  ar- 
rangement but  by  phasing  stubs, 
that  is,  adjustable  segments  of 
transmission  line  somewhat  less 
than  a half  wavelength  long.  Two 
terminations  are  taken  from  the 
array,  one  at  the  left  end,  the  other 
at  the  right  end  as  shown  in  Fig. 
10.  The  directivity  of  such  an 
array,  with  phasing  stubs  inserted, 
is  found  to  be  slightly  different,  de- 
pending on  which  termination  is 
used. 

To  illustrate  this  effect,  consider 
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fig.  11— Functional  block  diagram  ol  ono  ol  tho  two 


a signal  wave  front  arriving  paral- 
lel to  the  array.  The  wavefront  in- 
duces voltage  in  the  two  halves  of 
the  array  at  the  same  instant.  Con- 
sider the  array  from  the  back  and 
assume  that  the  left-hand  termina- 
tion is  in  use.  The  signal  induced 
in  the  left  half  of  the  array  ar- 
rives at  once  at  the  termination, 
hut  the  signal  from  the  right  half 
of  the  array  arrives  at  the  left- 
hand  termination  only  after  a de- 
lay caused  by  its  passage  through 
the  phasing  stub.  Hence  the  net 
voltage  arriving  at  the  left-hand 
termination  is  a vector  sum,  and 
this  vector  sum  is  the  same  as 
though  the  wave  had  arrived  from 
an  angle  to  the  left  and  as  if  no 
Phasing  stubs  were  present.  The 
phasing  stubs  thus  cause  the  an- 
tenna pattern  to  shift  to  the  left 
w en  the  left-hand  termination  is 
m use. 

By  the  same  process,  the  stubs 
“-the  directivity  of  the  array 
0 shift  to  the  right  when  the  right 
and  termination  is  in  use.  By 
Mfbng  alternately  from  left-hand 
nght-hand  termination,  the  effect 


of  two  lobes  is  produced.  Accurate 
direction  finding  is  obtained  when 
the  signals  from  the  two  termina- 
tions have  the  same  amplitude.  In 
the  elevation  array,  the  array  is 
divided  into  top  and  bottom  halves 
and  the  same  effect  is  produced  in 
the  elevation  coordinate. 

In  practice,  the  phasing  stubs  are 
adjusted  when  receiving  a wave- 
front  of  known  orientation  until 
the  peaks  of  the  lobes  are  spaced 
approximately  10  degrees  and  a 
symmetrical  variation  in  signal  is 
obtained  on  either  side  of  the  cen- 
ter direction.  Thereafter  this  ad-- 
justment  is  preserved  until  the 
radar  moves  to  a new  location.  A 
signal  generator  (“tweeter”)  pro- 
duces the  required  wavefront  and 
a technique  has  been  developed  to 
avoid  the  effects  of  external  re- 
flections. As  in  the  case  of  the 
transmitting  array,  matching  stubs 
are  employed  on  the  transmission 
lines  to  match  the  receiving  array 
impedance  to  the  line. 

One  possible  source  of  trouble  in 
the  operation  of  the  radar  is  the 
existence  of  side  lobes,  that  is, 


receiver* 

minor  directivity  patterns  offset 
from  the  main  pattern  by  some  25 
degrees.  Proper  adjustment  of  the 
array  will  keep  the  sensitivity  of 
the  array  in  these  side  directions 
about  30  db  below  that  of  the  main 
lobe,  but  the  effect  cannot  be  elim- 
inated entirely.  Thus  a nearby  tar- 
get centered  in  a side  lobe  may  pro- 
duce a stronger  signal  than  a dis- 
tant target  centered  in  the  main 
lobe.  Moreover,  at  the  intersection 
between  the  left-hand  main  lobe 
and  a right-hand  minor  lobe  signals 
of  equal  amplitude  will  appear.  The 
array  will  then  be  pointed,  not  at 
the  target,  but  some  25  degrees 
away  from  the  target.  The  true 
lobe  intersection  can,  however,  al- 
ways be  determined  by  noting  the 
symmetry  of  the  signal  variation  as 
the  array  is  moved  either  side  of  the 
equal-amplitude  direction.  The  false 
balance  is  not  symmetrical. 

The  Receiver 

Two  identical  receivers  are  em- 
ployed in  the  SCR-268,  connected  to 
the  elevation  and  azimuth  arrays. 
A block  diagram  of  the  receiver  is 
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FIG.  12 — Diagram  showing  how  the  SCH- 
268  radar  range  unit  function* 


shown  in  Pig.  11.  Two  antenna  in- 
puts are  provided,  for  each  of  the 
two  terminations  of  the  array. 
These  are  connected  to  separate  r-f 
amplifiers  (type  954  acorn  pen- 
todes) which  are  switched  alter- 
nately on  and  off  to  provide  recep- 
tion alternately  on  the  respective 
lobes  of  the  array. 

The  switching  is  accomplished  by 
applying  a rectangular  wave  of  volt- 
age to  the  grids  of  the  r-f  stages, 
the  wave  being  obtained  from  a 
multivibrator  (switch  oscillator, 
6N7  double  triode)  and  a subse- 
quent amplifier  (6N7).  The  multi- 
vibrator produces  a rectangular 
wave  at  a frequency  of  approxi- 
mately 1400  cps.  Approximately 
three  pulses  and  echoes  are  passed 
through  one  r-f  stage  while  the 
other  is  blocked.  Thereafter,  the 
first  r-f  amplifier  is  blocked  and  the 
second  passes  three  pulses.  In  this 
manner  reception  is  switched  rap- 
idly from  one  lobe  to  the  other. 

The  two  r-f  stages  are  joined  to- 
gether at  their  plates.  Hence  at 
this  point  the  successive  lobe  sig- 
nals are  interspersed  in  time  se- 
quence. Thereafter,  the  joint  sig- 


nal is  amplified  by  a second  r-f 
stage  (954). 

The  tuned  circuits  associated  with 
the  r-f  stages  consist  of  a single 
inductance,  permeability  tuned  and 
loaded  with  resistance  to  present  a 
bandwidth  of  about  one  megacycle. 
This  bandwidth  is  somewhat 
greater  than  the  spectrum  occu- 
pied by  the  incoming  pulses,  the 
extra  space  being  provided  to 
cover  possible  shifts  in  transmitter 
frequency. 

At  the  output  of  the  second  r-f 
stage,  the  signal  is  mixed  with  a 
local  oscillator  signal.  This  signal 
is  derived  from  a type-955  acorn 
triode  oscillator  in  a Hartley  circuit, 
followed  by  a 954  buffer  stage.  The 
mixer  tube  is  a 954,  with  the  pulse 
signal  and  local  oscillator  output  ap- 
plied jointly  to  its  control  grid.  At 
the  output  of  the  mixer  the  differ- 
ence frequency  of  19.5  Me  appears. 

The  19.5  Me  intermediate  fre- 
quency is  amplified  in  four  i-f 
stages  (6SK7) , coupled  with  single 
tuned  circuits  which  are  permeabil- 
ity tuned  and  loaded  to  achieve  1-- 
Me  bandwidth.  The  voltage  gain  of 
each  stage  is  about  12,  or  12*  = 
21,000  overall  for  the  four  stages. 

The  second  detector  is  a triode 
(6SJ7)  operated  at  cut-off  bias.  The 
detector  feeds  a video  amplifier 
(6SJ7)  having  a gain  of  about  2.5. 
The  output  (taken  from  the  plate 
of  the  video  amplifier)  is  about  10 
volts  peak-to-peak  maximum  into  a 
500-ohm  output  circuit.  Any  signal 
higher  than  this  saturates  the  video 
amplifier. 

The  sensitivity  of  the  receiver  is 
such  that,  at  maximum  gain,  the 
noise  developed  at  the  receiver  input 
will  saturate  the  video  amplifier. 
Sensitivity  is  controlled  remotely, 
from  a control  associated  with  the 
cathode-ray  indicator.  The  sensi- 
tivity control  voltage  is  applied  to 
the  cathode  of  the  first  i-f  stage. 

In  addition  to  the  video  output, 
the  receiver  provides  a “spread 
voltage”  for  separating  the  indica- 
tions of  the  two  lobes  on  the 
cathode-ray  indicator  screen.  The 
spread  voltage  is  derived  from  the 
output  of  the  switching  amplifier. 
To  assure  that  the  gain  in  the  two 
lobe  channels  is  equal,  a balance 
control  is  provided  in  one  of  the 
first  r-f  stages.  This  balance  con- 
trol is  set  during  the  calibration 


procedure,  using  a standard  signal 
generator. 

Tk«  Rang*  Unit 

The  range  unit  is  a device  which 
controls  the  timing  of  the  indicator 
traces  relative  to  the  production  of 
the  transmitted  pulses.  The  range 
unit  shown  in  the  block  diagram  of 
Fig.  12  is  essentially  a phase 
shifter,  capable  of  shifting  the 
phase  of  the  4098-cps  sine  wave  by 
any  amount,  continuously  and 
smoothly. 

The  input  4098-cps  wave  is  de- 
rived from  the  keyer  (shown  in 
Fig.  4).  After  passage  through  a 
limiting  resistor,  and  through  a fil- 
ter to  remove  harmonics,  the  sine- 
wave  is  passed  through  a Helm- 
holtz coil.  This  device  consists  of 
two  sets  of  stator  coils,  arranged 
at  right  angles.  The  current  fed 
one  set  of  coils  is  advanced  90  elec- 
trical degrees  by  passage  through 
a capacitor-resistor  network.  The 
result  is  a rotating  magnetic  field 
at  the  center  of  the  coil  system. 
This  field  induces  a sine-wave  volt- 
age in  a small  pickup  coil  at  the  cen- 
ter of  the  system.  The  phase  of  the 
induced  voltage  is  fixed  so  long  as 
the  pick-up  coil  is  stationary.  When 
the  coil  is  rotated,  the  phase  shifts 
in  direct  proportion  to  the  angular 
motion  of  the  coil.  The  induced 
voltage  is  amplified  in  two  stages 
and  the  output  is  fed  to  the  indica- 
tors as  subsequently  described. 

Tfe*  Indicator  Units 
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Three  identical  units  are  used  as 
indicators  by  the  range,  elevation  j 
and  azimuth  receiving  antenna  ar- 
ray operators.  These  indicators  are  i 
very  similar  in  appearance  and  ^ 
function  to  a conventional  cathode-  j 
ray  oscilloscope.  Besides  the  basic 
power  supply,  the  indicator  units  j 
derive  three  voltages  from  the  other 
units  of  the  radar:  (1)  the  pulse 
signal  from  the  video  amplifier  of 
the  associated  receiver,  (2)  the 
spread  voltage  from  the  switch 
amplifier  of  the  receiver,  and  (3) 
the  phase-shifted  4098-cps  sinewave 
from  the  range  unit. 

A block  diagram  of  one  indicator, 
showing  its  waveforms,  is  given  in 
Fig.  13.  The  basic  synchronizing 
input  comes  from  the  range  unit. 
This  sinewave  voltage  is  first  amph- 
fied  in  an  over-driven  sync  amph* 
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er  (6AC7).  The  negative  grid  volt- 
age cutoff  and  positive  grid  current 
saturation  convert  the  sinewave  in- 
put into  a more  nearly  rectangular 
wave  which  is  fed  to  a pulse  genera- 
tor (6L6),  also  overdriven.  In  the 
plate  of  this  high-current  tube  is  an 
inductance.  The  sudden  current 
changes  at  the  sides  of  the  rectan- 
gular wave,  passing  through  this 
inductance,  induce  high  peaks  of 
voltage  which  are  used  to  control 
the  following  sweep-voltage  genera- 
tor after  passing  through  a peak 
iter. 

The  sweep  generator  consists  of 
a capacitor,  charged  through  the 
6L6  sweep  generator  tube.  The  ap- 
proximately constant  current  char- 
acteristic of  the  6L6  results  in  a 
closely  linear  increase  in  voltage 
across  the  sweep  capacitor  until  the 
sudden  positive  peak  arrives  from 
the  preceding  peak  filter.  Then  the 


capacitor  is  suddenly  discharged  by 
the  heavy  reverse  current  passed  by 
the  sweep  generator  tube.  The  re- 
sult is  that  the  voltage  across  the 
sweep  capacitor  has  the  saw-tooth 
form  required  for  deflecting  the 
electrostatic  cathode-ray  tube. 

Before  application  to  the  c-r 
tube,  the  sweep  voltage  is  amplified 
(6SJ7)  and  mixed  with  the  spread 
voltage.  The  spread  voltage,  which 
we  recall  is  synchronous  with  the 
lobe-switching,  is  amplified  (6SJ7) 
and  causes  the  saw-tooth  sweep 
wave  to  be  displaced  bodily  upward 
and  downward,  as  shown  in  the 
figure.  Thus  the  sweep  associated 
with  the  one  lobe-channel  is  dis- 
placed horizontally  on  the  c-r  tube 
with  respect  to  the  sweep  asso- 
ciated with  the  other  lobe-channel. 
This  causes  the  image  to  appear 
“split”  as  shown  at  the  bottom  right 
in  the  diagram. 


The  displaced  sawtooth  wave  is 
applied  to  two  amplifiers  (6L6’s) 
which  produce  symmetrical  waves 
of  opposite  polarity  for  application 
to  the  horizontal  deflection  plates 
of  the  c-r  tube.  The  symmetry  is 
essential  to  produce  a linear  sweep. 

The  receiver  output  is  amplified 
in  a pulse  amplifier  (2-6L6’s)  and 
then  applied  to  the  vertical  deflec- 
tion plates.  The  resulting  screen 
pattern  is  a series  of  pulses  in  pairs. 
The  first  pair  is  a split  image  of  the 
transmitted  pulse,  which  is  trans- 
mitted directly  from  the  transmit- 
ting array  to  the  receiving  array. 
The  receiver  is  considerably  over- 
loaded at  this  instant,  and  the  pulse 
saturates  the  amplifiers  and  hence 
is  flattened  at  the  top.  No  special 
device  is  provided  to  protect  the  re- 
ceiver during  the  transmitted  pulse. 
The  next  pair  of  pulses  to  the  right 
is  a split  image  of  the  pulse  echo 
from  a target. 

In  operation,  the  azimuth  and  ele- 
vation operators  adjust  the  spread 
voltage  and  the  amplitude  of  the 
pulses  until  the  split  image  is  dis- 
played conveniently  for  comparison 
of  the  amplitudes  of  the  two  com- 
ponents of  the  split  image.  There- 
upon the  angular  orientation  of  the 
corresponding  array  is  adjusted  un- 
til both  components  are  of  equal 
height.  The  array  is  then  pointed 
directly  at  the  target. 

Rug*  Indicator 

The  range  indicator  does  not 
make  use  of  the  spread  voltage  so 
only  a single  image  appears  for 
each  echo.  The  range  operator  ad- 
justs the  phase  shift  of  the  range 
unit  until  the  target  echo  appears 
under  a cross-hair  on  the  associated 
scope  screen.  The  range  to  the  tar- 
get is  then  read  off  the  phase-shift 
dial,  which  is  calibrated  in 
thousands  of  yards. 

The  SCR-268  employs  110  vacuum 
tubes,  which  are  divided  among  the 
several  units  as  follows : high  volt- 
age rectifier  4,  keyer  11,  range  unit 
3,  modulator  10,  transmitter  16,  two 
receivers  16  each,  three  indicators 
12  each.  Despite  this  fact,  and  the 
evident  complexity  of  the  circuits, 
the  268  has  proved  to  have  out- 
standing serviceability  in  the  field. 
— D.G.F. 
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FIG.  I — Top  and  panel  Tiewi  of  the 
traneient  peak  Toltmeler 


The  increased  use  of  single 
transient  voltage  pulses  in 
special  electronic  applications  has 
created  the  need  for  a device  which 
can  measure  such  pulses  quickly 
and  accurately. 

Since  neither  d-c  nor  continuous- 
wave  a-c  voltmeters  respond  fast 
enough  to  short-period  voltage 
changes,  attempts  have  been  made 
to  perform  this  function  by  em- 
ploying oscillographic  apparatus  or 
special  observational  techniques. 
Although  adequate  in  some  cases, 
such  methods  are  at  best  time-con- 
suming and  involve  the  use  of  spe- 
cialized equipment  which  is  hard  to 
obtain.  Moreover,  experience  indi- 
cates that  to  employ  these  methods 
properly  requires  considerable  prac- 
tice and  that  the  operating  tech- 
niques are  essentially  difficult  to 
teach  the  average  technical  worker. 

The  authors  of  this  paper  have 
designed  a compact  transient  peak 
voltmeter  which  will  measure  fast 
voltage  surges  as  easily  as  a stand- 
ard voltmeter  measures  voltage  of 
longer  duration.  It  contains  stand- 
ard electronic  components  and  an 
easily  read  panel-type  meter.  No 
particular  operational  technique  is 
required. 

The  transient  peak  voltmeter  to 
be  described  uses  the  fast  transient 

no 
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signal  of  the  circuit  under  test  to 
charge  a low-leakage  capacitor 
through  a diode  in  the  voltmeter 
circuit.  The  high  inverse  im- 
pedance of  this  diode  allows  the 
capacitor  to  remain  charged  for  a 
considerably  longer  period  than 
that  of  the  signal.  By  making  the 
capacitor’s  discharge  time  suffi- 
ciently long,  the  initial  charge  can 
be  measured  by  means  of  a high 
input  impedance  balanced  bridge 
containing  a d-c  instrument  be- 
tween the  arms. 

Smeral  Description 

Figure  1 is  a photograph  show- 
ing the  simple  construction  of  the 
transient  peak  voltmeter.  The 
housing  is  a black-crackle  box 
measuring  7 by  7 by  14  inches. 
Power  is  obtained  from  a built-in 
power  supply  operating  from  the 
116-volt  line.  The  entire  circuit 
uses  but  four  tubes  and  a 0-to-200- 
microampere  indicating  instrument. 
The  controls  include  a range- 
adjustment  switch,  a reset  switch, 
an  on-off  switch,  a zero-set  knob, 
and  a screwdriver-adjustment  sen- 
sitivity control: 

The  circuit  will  measure  the  peak 
value  of  the  input  signal  and  hold 
the  reading  for  several  seconds,  or 
until  reset  by  the  manipulation  of 
the  reset  switch.  There  are  four 
input  voltage  ranges  of  1,  5,  10,  and 
50  volts  full  scale,  to  cover  the 
most  generally  used  range  of  volt- 
ages. Higher  or  intermediate 
ranges  can  be  added  if  desired. 
Lower  ranges  could  be  provided  by 
the  addition  of  suitable  amplifiers. 
The  input  circuit  has  a constant 
input  impedance  of  20  megohms 
and  contains  a blocking  capacitor 
which  prevents  direct  current  in 
the  measured  circuit  from  affect- 
ing a measurement. 

The  frequency  response  charac- 
teristics of  such  a voltmeter  can 


best  be  considered  as  the  response 
to  single  transients  with  various 
times  to  the  peak.  Assuming  the 
pulses  to  be  the  equivalent  of  one- 
half  cycle  of  sine  wave,  the  re- 
sponse is  flat  within  2 db  from  five 
milliseconds  to  one-half  second  and 
time  to  the  peak. 
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Figure  2 is  a block  diagram  il- 
lustrating the  essential  circuit 
functions.  The  voltage  divider  (A) 
is  a resistance  network  which  pro- 
vides the  various  voltage  ranges 
to  match  the  signal  input  and  main- 
tains a constant  input  impedance 
of  20  megohms.  The  amplifier-in- 
verter (B)  provides  a gain  of  ten 
and  inverts  the  signal  voltage 
polarity  from  positive  to  negative. 
The  amplified  and  inverted  signal 
then  goes  through  the  impedance 
transformer  (C)  which  is  no  more 
than  a cathode  follower  circuit 
used  to  match  the  plate  circuit  of 
the  amplifier  to  the  low-impedance 
hold-on  circuit  (D).  The  hold-on 
circuit  is  an  arrangement  which 
employs  a diode  to  charge  a low- 
leakage  capacitor  to  the  peak  value 
of  the  incoming  signal.  The  charg- 
ing impedance  of  this  circuit  is  low 
but  the  discharge  resistance  is  ex- 
tremely high,  in  the  order  of  sev- 
eral hundred  megohms. 

The  value  of  the  voltage  which 
is  fed  into  the  hold-on  circuit  is 
measured  by  the  balanced  bridge 
(E).  This  voltmeter  circuit  is  de- 
signed to  have  high  input  resist- 
ance, so  that  the  signal  will  not 
be  dissipated  by  the  measuring 
device.  At  the  conclusion  of  a 
measurement  the  hold-on  circuit  is 
reset  and  made  ready  for  a new 
signal  by  the  manipulation  of  the 
reset  switch  (F).  This  action  dis- 
charges the  hold-on  capacitor. 

Figure  3 shows  a simplified 
version  of  the  circuit  schematic 
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The  amplitude  of  a .ingle  short  pnlse  i.  determined  by  amphfytng  dte  tranatent  vohage, 
then  charging  a capacitor  through  a hold-on  circnit  which  permtt.  the  charge  to  be  main- 
tainedlong  enough  for  mea.uren.ent  by  means  of  a balanced-bridge  d-e  voltmeter  eqmpped 
with  a 0 to  200-microampere  indicating  instrument 


in  which  the  blocks  of  Fig.  2 have 
been  replaced  by  appropriate  cir- 
cuit components,  the  order  remain- 
ing the  same.  The  functions  which 
have  just  been  outlined  can  better 
be  understood  by  a comparison  of 
these  two  figures. 

A few  additional  features  will 
be  noted  in  Fig.  3 and  4.  The 
potentiometer  control  R\  adjusts 
the  sensitivity  of  the  voltmeter  and 
is  used  during  calibration.  The  con- 
trol R,  is  the  zero-set  adjustment 
which  provides  balance  between 
the  tubes  of  the  voltmeter  bridge.- 
The  voltmeter  bridge  is  a double 
cathode  follower  arrangement,  with 
the  input  signal  applied  to  the  grid 
of  tube  FTS,  the  balance  potential 
j applied  to  the  grid  of  FT.,  and  the 
indicating  instrument  connected 
between  the  cathodes  of  these  two 
tubes. 

Figure  4 is  a complete  schematic 
diagram  of  the  transient  peak 
voltmeter,  showing  all  electrical 
details.  The  compensation  network 
in  the  grid  circuit  of  the  cathode 
follower  tube  FT,,  consisting  of 
resistances  R„  Rt  and  C„  improves 
the  frequency  response  of  the  pre- 
ceding amplifier  tube  FT,  by  in- 
creasing the  input  impedance  of 
the  cathode  follower  circuit.  The 
bias  cell  in  the  input  to  FT,  is 
necessary  in  order  to  cancel  the 
diode  potential  which  otherwise 
would  cause  a spurious  zero  read- 
>ng.  The  presence  of  this  cell  re- 
quires that  the  reset  switch  be 
connected  to  discharge  the  capaci- 
tor without  shunting  the  bias  cell. 

The  voltage  which  is  applied 
across  the  balance  or  zero  set  re- 
sistor R,  jg  jn  practice  obtained 
from  a small  C-battery.  This  ar- 
rangement is  more  stable  than  the 
• method  shown  in  Fig.  3 except 
when  a B-supply  which  is  regu- 
ated  against  output  voltage  fluctu- 
ations is  used. 
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no.  2 Block  diagram  showing  wmenHal  circuit  Junction. 


no.  3 — Simplified  circuit  diagram.  IdonUylng  MM  “™P°nd  “ 
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Canada  has  now  joined  those 
nations  which  have  under- 
taken broadcasting  on  an  interna- 
tional basis.  With  the  beginning 
of  operations  of  a new  plant  at 
Sackville,  New  Brunswick,  Canadian 
programs  are  being  transmitted  to 
many  parts  of  the  world. 

The  Canadian  Broadcasting  Cor- 
poration received  authorization  in 
the  fall  of  1942  for  the  construction 
and  operation  of  a major  short- 
wave plant  The  building  was  com- 
pleted, two  50-kw  transmitters  and 
speech  input  equipment  installed, 
and  antennas  erected  by  the  fall 
of  1944,  when  the  first  programs 
were  beamed  to  Europe.  Since  that 
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time  there  has  been  an  increase  in 
the  number  of  transmissions,  and 
still  more  are  being  added. 

Choice  of  Site 

Theoretical  studies  indicated  that 
the  plant  would  have  to  be  located 
in  the  eastern  part  of  Canada  if 
minimum  trouble  from  the  earth’s 
magnetic  field  distribution  were  to 
be  realized.  The  north  magnetic 
pole  lies  somewhat  north  of  the 
Province  of  Manitoba,  considerably 


south  of  the  geographic  pole.  This  ' * 
results  in  a region  of  relatively  >j  ] 
high  flux  density,  usually  known  as 
the  disturbed  zone,  extending  radi- 
ally  from  the  magnetic  pole  for  sev- 
eral hundred  miles.  Both  theory 
and  experience  indicated  the  wis- 
dom of  locating  outside  of  this  zone.  ! 

Previous  experimental  investiga- 
tions of  transatlantic  reception  had 
been  carried  out  by  the  Engineering 
Division  of  the  CBC.  BBC  pro- 
grams on  various  frequencies  were 
recorded  simultaneously  at  Ottawa 
and  at  a location  south  of  Halifax 
on  the  Atlantic  coast.  Simultane- 
ous records  of  field  intensity  were  - 
also  made  at  these  points.  An  im- 
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SHORT-WAVE  PLANT 

Description  of  facilities  newly  installed  at  Sackville,  New  Brunswick,  for  operation  in 
the  6,  9,  11,  15  and  17-mc  bands.  High-gain  curtain-type  antenna  arrays  are  beamed  in 
three  directions,  with  slewing  systems  for  covering  areas  wider  than  the  usual  beam  width 


provement  of  several  db  in  signal 
strength  was  obtained,  and  the 
amount  and  nature  of  fading  was 
very  strongly  in  favor  of  the  east- 
ern location.  While  other  factors 
entered  into  the  selection  of  the 
site  this  work  could  not  be  ignored. 

The  CBC  had  previously  located 
one  of  its  60-kw  broadcast  stations, 
CBA,  at  Sackville,  New  Brunswick, 
a town  near  the  border  of  Nova 
Scotia  and  approximately  90  airline 
miles  northwest  of  Halifax.  In  this 
part  of  New  Brunswick  there  are 
extensive  marsh  areas— large  bod- 
ies of  land  reclaimed  for  agricul- 
ture from  the  tidal  waters  of  the 
Bay  of  Fundy  by  dyking.  This  low- 
lying,  rich  soil  is  continually  moist, 
an  asset  for  ground  systems.  The 
town  is  well  served  by  transporta- 
tion, both  rail  and  highway.  Fur- 
ther advantages  included  existing 
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Details  ol  typical  curtain-type  arrays.  The  17-mc  array  is  lo  the  right  ol  the 
ilg-iag  suspension  cables,  and  die  15-mc  array  is  to  the  left.  The  tiny  houses 
near  the  ground  contain  switching  relays 


staff  and  program  line  facilities. 
The  decision  was  therefore  taken  to 
locate  at  Sackville,  and  previous 
property  holdings  were  increased  to 
approximately  200  acres  of  land. 

Selection  ef  Antonias 

The  plans  developed  called  for 
transmission  to  Europe,  Australia, 
New  Zealand,  South  Africa  and 
South  and  Central  America.  On 
laying  out  the  beams  for  these 
areas,  it  became  apparent  that  if 
provisions  for  beam  reversal  were 
included,  the  major  land  areas  of 
the  earth  could  be  covered  fairly 
well. 

Three  antenna  systems  were  pro- 
vided, being  designated  as  Euro- 
pean, South  American  and  Aus- 


tralian. As  the  names  imply,  they 
were  laid  out  for  beam  width  and 
direction  to  these  areas.  Upon  re- 
versal, these  antennas  provided  cov- 
erage to  Central  America  and  New 
Zealand,  Eastern  Asia,  and  South 
Africa,  respectively.  Each  antenna 
system  consists  of  several  direc- 
tional arrays  for  operation  in  the  6, 
9,  11,  16  and  17-megacycle  bands. 
Present  plans  call  for  the  addition 
of  21-megacycle  antennas  in  the 
future.  The  general  layout  of  the 
antenna  systems  is  shown  in  Fig.  1. 

Considerations  of  site,  results  de- 
sired and  economics  led  to  the  de- 
cision to  use  curtain-type  antennas, 
rather  than  the  simpler  rhombic 
type  having  somewhat  lower  effi- 
ciency. It  was  felt,  and  experience 
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confirmed,  that  the  lower  vertical 
angle  of  radiation  realizable  with 
the  curtain  type  would  materially 
improve  reception. 

Special  considerations,  mainly  as- 
sociated with  the  war,  made  it  de- 
sirable to  increase  the  field  in- 
tensity directed  toward  Europe,  amd 
the  European  antenna  system  was 
therefore  designed  for  somewhat 
higher  gain  than  the  others. 

The  antenna  systems,  particu- 
larly the  European,  are  rather 
unique  in  design,  and  have  substan- 
tial gain.  Each  antenna  of  the  Eu- 
ropean system  consists  of  a driven 
curtain  and  a nondriven  reflecting 
curtain,  identical  in  form  and  lo- 
cated behind  the  driven  elements  as 
in  Fig.  2.  Each  curtain  except  the 
6-mc  consists  of  eight  horizontal 
elements,  arranged  in  two  side-by- 
side  vertical  stacks  of  four;  the 

114 


length  of  each  element  is  slightly 
under  one  wavelength.  All  ele- 
ments of  the  driven  curtain  are 
driven  in  the  same  phase  at  their 
centers  by  vertical  transmission 
lines.  The  lines  from  the  two  side- 
by-side  stacks  come  together  a 
short  distance  above  the  ground 
level  and  tie  onto  the  main  feeder 
line  from  the  station.  Remotely 
controlled  reversing  switches  are  lo- 
cated at  the  base  of  each  of  the 
vertical  lines  and  are  so  arranged 


antenna.  This  is  arranged  to 
feed  in  any  one  of  three  ways  at 
the  discretion  of  the  controlling 
operator.  Normally  the  feeder  pro- 
vides a circuit  directly  through  the 
switch;  the  feed  is  then  symmetri- 
cal with  that  to  the  other  stack.  In 
the  second  position  the  switch  in- 
troduces a predetermined  amount 
of  additional  feeder,  thus  inserting 
a phase  delay  in  its  stack  in  com- 
parison with  its  companion  stack. 

This  serves  to  swing  or  slew  the 
beam  a few  degrees  from  its  nor- 
mal path  and  provide  better  signal 
strength  in  desired  areas  which 
are  not  covered  fully  with  the  beam 
in  its  normal  position.  Similarly, 
with  the  switch  in  its  third  posi- 
tion, a phase  advance  is  introduced 
in  one  stack,  slewing  the  beam  in 
the  opposite  direction.  This  ar- 
rangement provides  a degree  of 
flexibility  which  is  useful  in  cov- 
ering areas  wider  than  the  usual 
beam  width. 

The  European  system  has  five  an- 
tennas. The  17  and  15-mc  antennas 
are  slung  on  messenger  cables  be-  . 
tween  the  first  two  towers,  the  11 
and  9-mc  units  are  between  the 
next  two,  and  the  6-mc  unit  uses 
the  last  two  towers.  These  antennas 
give  measured  gains  of  slightly 
over  20  db.  The  6-mc  antenna  is 
generally  similar  to  those  of  higher  ' 
frequency  except  that  it  has  6 
driven  elements  instead  of  8 and 
a'  similar  arrangement  in  the  re-  ; 
fleeting  curtain.  Measurements  | 
made  in  England  confirm  the  per-  i 
formance,  in  field  intensity  received  I 
and  a reduction  in  fading  in  com- 
parison with  other  antennas. 


lauding  Design 

Early  in  the  planning  the  deci- 
sion had  to  be  made  whether  or 
not  to  house  the  short-wave  facili- 
ties in  a building  separate  from 
the  CBA  broadcast  plant  or  com- 
bine them.  While  the  tatter  course 
was  much  more  difficult,  entailing 
the  removal  of  large  sections  o 
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that  they  can  connect  driving  the  existing  building  while  keep 
power  to  either  the  front  or  back  ing  the  broadcast  plant  in  opera- 
curtain,  simultaneously  connecting  tion,  the  resulting  overall  economies 
a stub  to  the  undriven  curtain,  and  flexibility  in  operations  led  o 
These  switches  are  energized  from  its  adoption.  The  old  building  was 
an  antenna  switching  panel,  located  largely  torn  down  above  8r0U"  ’ 

in  the  transmitter  building.  temporary  housing  was  erec 

Another  remotely  controlled  over  the  equipment  in  service,  an 
switch  is  located  in  the  feeder  to  a new  and  larger  structure  built, 
one  of  the  vertical  stacks  of  each  Fig.  3 shows  the  general  laj 
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out  of  the  main  floor.  The  trans- 
mitter room  is  120  feet  long.  It 
houses  the  two  short-wave  trans- 
mitters, with  the  CBA  broadcast 
transmitter  in  a well  a half  story 
below  the  main  floor.  Heavy  plate 
glass  parapets  surround  the  broad- 
cast transmitter  well.  The  walls 
above  the  transmitters  and  the  full 
ceiling  area  of  the  main  transmit- 
ter room  are  acoustically  treated 
for  high  absorption. 

The  north  section  of  the  build- 
ing houses  a broadcast  and  two 
short-wave  program  control  booths, 
an  emergency  studio,  recording 
room  and  master  control,  all 
acoustically  treated.  This  section 
is  shielded  by  two  concentric  cop- 
per screens  built  into  the  walls 
and  carried  through  the  double 
doors  leading  to  eaeh  of  these 
rooms.  Along  the  front  of  the 
building  are  located  oflices  for  the 
staff. 

At  the  rear  of  the  building  are 
tube  storage  rooms,  power  distribu- 
tion facilities,  power  metering 
panel,  antenna  switching  room  and 
stand-by  generator  room.  A ramp 
at  the  rear  of  the  building  leads 
to  an  interior  freight  entrance. 
The  basement  contains  additional 
office  space,  emergency  staff  quar- 


ters, shop,  shielded  laboratory, 
transmitter  cooling  and  air  condi- 
tioning equipment,  furnace  and 
fuel  storage,  together  with  various 
store-rooms  for  spare  equipment 
and  supplies. 

The  staff  quarters  provide  a mod- 
ern kitchen,  dining  room,  lounge, 
showers,  and  three  bedrooms  each 
containing  two  built-in  single  beds. 
Rather  severe  winter  storms  have 
made  it  necessary  to  provide  facil- 
ities of  this  type,  for  it  is  not 
unusual  for  the  staff  to  find  itself 
snowed  in  for  a day  or  two.  These 
quarters  also  have  decided  virtues 
after  late  engineering  sessions  on 
the  equipment. 

In  winter  some  of  the  heat  car- 
ried by  the  transmitter  cooling 
equipment  is  injected  into  the  air 
conditioning  system.  Two  large 
electric  stills  are  housed  under  the 
roof  space.  These  discharge  into 
a large  distilled  water  storage 
tank  in  the  basement.  The  water 
may  be  piped  to  any  of  the  work- 
ing tanks  associated  with  the  cool- 
ing systems  of  any  of  the  trans- 
mitters. 

Power  Distribution 

Three-phase  60-cycle  power  is 
obtained  from  a commercial  steam 


plant  about  15  miles  distant  from 
the  station.  It  is  delivered  at  23 
kv  and  brought  down  to  2300 
volts  at  a substation  on  the  prop- 
erty. The  total  load  of  the  station 
is  about  750  kva. 

The  incoming  power  feeds  a 
2300-volt  bus  through  an  oil  cir- 
cuit breaker.  From  this  bus  in- 
dividual branch  feeders  lead  to 
each  of  the  three  transmitters,  the 
three-phase  220-volt  domestic  serv- 
ice bank,  the  single-phase  domestic 
bank,  and  the  antenna  lights.  A 
metering  panel  contains  watthour 
meters  for  total  station  load,  total 
transmitter  load,  short-wave  trans- 
mitter No.  1,  short-wave  trans- 
mitter No.  2,  broadcast  transmit- 
ter, three-phase  domestic  load,  sin- 
gle-phase domestic  load,  and  an- 
tenna lighting  load. 

Three  line  voltmeters  are  per- 
manently connected  across  the  main 
2300-volt  bus  and  a recording  volt- 
meter can  be  switched  to  any  phase. 
Three  ammeters,  a graphic  watt- 
meter and  a recording  wattmeter 
can  be  switched  into  any  of  the 
major  loads  listed  previously.  These 
facilities  are  not  common  in  such 
service  but  are  decidedly  useful  in 
providing  information  on  plant 
operations  and  breaking  down 


room  at  SackrUl*.  with  portion  oi  CBA  broadcast  transmitter  at  tbs  right  foreground  (on  lowsr  lersl)  and  tbs  two 
S0*W  short-wars  transmitters  at  tho  loft  and  right  of  tho  control  consoles  In  the  background 
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operating  charges.  An  engine- 
driven  generator  has  been  pro- 
vided for  emergency  use  in  the 
•vent  of  power  failure. 

Eqalpaont 

Two  50-kw  RCA  type  7830-A 
transmitters  are  located  in  the 
building.  They  utilize  high-level 
modulation  and  may  be  operated  at 
any  frequency  between  6 and  21 
me,  at  rated  output.  Their  auxil- 
iary equipment,  consisting  of  dis- 
tribution, plate  and  modulation 
transformers,  modulation  reactor 
and  induction  regulators,  are  lo- 
cated in  a large  vault  in  the  base- 
ment The  installation  is  generally 
of  standard  type.  The  inter-unit 
wiring  of  the  transmitters,  mainly 
control,  is  by  metal  troughs  in  the 
floor  slab.  All  power  circuits  run 
in  separate  conduits  and  potheads 
are  used  on  all  circuits  carrying 
2300  volts  or  more.  The  circuits 
carrying  high-level  audio  from  the 
modulation  transformer  in  the  base- 
ment vault  are  run  in  fiber  con- 
duit hung  on  special  insulation  to 
reduce  capacitance  which  might 
affect  the  feedback  loops. 

The  two  operating  consoles  for 
the  short-wave  transmitters  have 
been  grouped  together  between  the 
transmitter  fronts.  Associated 
with  them  are  three  cabinet-type 
relay  racks  containing  such  equip- 
ment as  limiting  amplifiers,  modu- 
lation monitors,  and  feedback 
amplifiers.  Behind  these  racks  are 
two  more  racks  housing  master 
oscillators  of  high  stability.  These 
provide  r-f  output  at  any  desired 
frequency  within  the  range  of 
transmitter  operation,  and  one  is 


connected  to  each  transmitter.  The 
transmitters  may  be  controlled  by 
any  one  of  four  self-contained 
crystals  or  the  master  oscillator  by 
operating  a selector  switch.  A sec- 
ondary frequency  standard  is  pro- 
vided for  use  with  the  master  oscil- 
lators and  to  check  the  crystal  fre- 
quencies. 

The  transmitters  feed  into  the 
antenna  switching  room.  This  con- 
tains a bank  of  radio-frequency 
switches  of  special  design  permit- 
ting any  transmitter  to  be  con- 
nected to  any  antenna  (or  more 
properly,  transmission  line),  or  to 
either  of  two  water-cooled  dummy 
loads  used  for  transmitter  tests. 

The  antenna  switches  are 
mounted  on  dead  front  panels,  gen- 
erally similar  to  standard  switch- 
gear  in  appearance,  and  are  hand- 
wheel  operated.  The  switches  are 
interlocked  so  that  one  transmitter 
can  feed  only  one  antenna  at  a 
time.  Associated  with  each  an- 
tenna switch  are  the  controls  for 
the  remote  reversing  and  slewing 
switches  for  that  antenna.  Status 
lights  show  the  operating  condi- 
tions of  each  transmitter,  whether 
the  particular  antenna  is  operating 
direct  or  reversed  and  also  the  di- 
rection of  slew  or  otherwise.  These 
status  lights  are  multiplied  to  a 
panel  at  the  operating  console. 

The  transmitters  operate  into 
loads  of  415  ohms  in  this  instal- 
lation and  this  impedance  is  main- 
tained throughout  the  switching 
and  to  the  r-f  bushings  in  the 
interior  wall  of  the  building.  The 
characteristic  impedance  is  then 
raised  to  552  ohms  by  a tapered 
section  of  line  and  continues  to  the 


antennas  in  this  latter  value.  Con- 
siderable refinement  in  design  was 
necessary  to  maintain  a constant 
value  of  impedance  throughout  the 
switching  system,  for  all  conditions 
of  switching.  This  was  accom- 
plished, however,  and  the  standing 
wave  ratio  is  affected  to  a negligi- 
ble degree. 

A standing  wave  ratio  indicator 
is  mounted  in  the  antenna  switch- 
ing room.  It  is  so  arranged  that 
a meter  gives  a direct  scale  read- 
ing of  the  standing  wave  ratio  and 
may  be  switched  into  any  feed.  The 
transmission  lines  are  generally 
conventional  and  of  balanced  two- 
wire  type.  They  are  constructed 
of  1/0  stranded  copper  and  carried 
on  suspension-type  insulators. 

Audio  and  Program  FaelllHo* 

A complete  unit  of  the  CBC,  in- 
cluding program,  technical,  traffic 
and  administrative  staff,  was  set 
up  in  Montreal  for  international 
broadcasting.  Studios,  recording 
rooms  and  master  control  were  pro- 
vided to  feed  the  Sackville  plant 
directly  over  program  lines  some 
hundreds  of  miles  long,  provided 
by  Canadian  National  Telegraphs 
and  Canadian  Pacific  Telegraphs. 

To  protect  against  occasional  line 
difficulties,  recording,faeilities  have 
been  provided  at  Sackville  so  that 
programs  may  be  pre-recorded 
there  and  stored  for  a few  hours 
or  as  necessary.  Announce  booths 
have  also  been  provided  so  that 
the  transmitting  plant  can  operate, 
for  a reasonable  emergency  period, 
independently  of  the  Montreal 
studios. 

These  requirements,  in  addition 
to  the  normal  broadcast  and  control 
circuits,  led  to  the  provision  of 
a master  control  at  Sackville.  This 
is  of  the  preset  type  and  can  handle 
up  to  six  simultaneous  programs. 
Monitor  circuits  provide  for  selec- 
tion of  any  incoming  or  outgoing 
program  as  well  as  the  rectified  r-f 
output  of  any  transmitter.  Each 
monitor  position  can  select  any  of 
these  feeds  by  a dial  selector  unit. 
Monitor  positions  are  located  at  ail 
transmitter  control  positions,  mas- 
ter control  and  offices. 

The  whole  plant  was  planned 
and  designed  by  members  of  the 
engineering  division  of  the  CBC, 
under  the  direction  of  the  chief  en- 
gineer, G.  W.  Olive. 


Control  console*  for  the  two  short-wave  transmitters.  with  auxiliary  equipment 
in  relay  racks  in  background 


19 

S? 


K 


II 


•il 

4 


-■] 


September  1945  — ELECTRONICS 


Digitized  by  V -oogle 


Time-baM  calibration  roquiros  a con- 
stant-frequency calibrating  signal  and  a 
synchronized  pulse  to  trigger  the 
sweep.  A crystal-controlled  oscillator 
prorides  the  calibrating  signal;  multi- 
▼ibrator  frequency-dividers  provide  the 
relatively  long-period,  short-duration 
synchronized  triggering  pulses 


TIME -BASE 

CALIBRATION 


Time-displacement  linearity  of  oscilloscope  sweeps  can  be  measured  at  tenth-microsecond 
intervals  by  using  a crystal-controlled,  driven  multivibrator  chain.  Circuit  provides  sweep- 
triggering pulse  and  constant-amplitude,  continuous  calibrating  signal 


Testing  of  certain  electronic 
equipment  requires  the  meas- 
urement of  the  width  or  duration 
of  extremely  narrow,  rectangular, 
recurrent  pulses.  Some  of  these 
pulses  may  have  durations  as  short 
as  one-half  microsecond.  It  may  be 
necessary  to  measure  the  duration 
of  such  pulses  to  an  accuracy  of 
2 per  cent. 


Syackrotcop* 

Measurement  of  such  short-dura- 
tion pulses  is  usually  accomplished 
with  the  aid  of  a device  generally 
taown  as  a synchroscope.  This  is 
primarily  an  oscilloscope  with  a 
triggered  sweep  circuit  supplying, 
tor  the  horizontal  deflecting  plates 
of  a c-r  tube,  a deflection  voltage 
which  varies  at  an  unusually  high 
speed  and  has  a very  linear  rate  of 
change.  Provision  is  made  for  ap- 
Pying  the  pulse  to  be  measured 
jrectly  to  the  vertical  deflecting 
Plates  of  the  c-r  tube. 

The  horizontal  sweep  voltage  or 
t'me  base  varies  at  a rate  such  that 
1 tota'  voltage  swing  may  occur 
m. a time  interval  of  only  3 or  4 
®>eroseconds ; the  time  between 
uccessive  sweeps  may  however  be 
iy  long  in  comparison,  1000 
microseconds  in  the  example  shown 
m Pig.  1. 
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The  time  interval  between  suc- 
cessive sweeps  is  controlled  by  the 
recurrence  rate  of  the  trigger  sig- 
nal which  starts  the  sweep  circuit 
functioning.  This  trigger  signal 
can  be  supplied  by  circuits  within 
the  synchroscope  or  from  some  ex- 
ternal source,  but  it  must  be  in  syn- 
chronism with  the  recurrence  rate 
of  the  signal  to  be  viewed. 

When  a pulse  having  a duration 
of  only  one  microsecond  is  viewed 
on  an  oscilloscope  provided  with  a 
sweep  having  a duration  of  3 micro- 
seconds, a pattern  is  obtained  as 
shown  in  Fig.  2.  Very  accurate 
measurements  of  the  actual  dura- 
tion of  the  pulse  at  any  amplitude 
can  be  made  if  the  exact  time  rate 
of  change  per  unit  of  deflection  of 
the  horizontal  sweep  is  known. 
Various  methods  can  be  used  for 
calibrating  such  a time  base  in 
terms  of  microseconds  per  inch  of 
deflection. 

Calibration  Taehaiqaai 

Most  calibrating  schemes  are 
based  on  the  application  of  a sine- 
wave  signal  of  known  frequency  to 
the  vertical  channel  of  the  oscillo- 


scope. If  the  frequency  is  known, 
the  time  interval  between  succes- 
sive  cycles  of  the  sine  wave  is  sim- 
ply  T ~ l/F  seconds  or  10"/F  micro- 
seconds. Thus  a frequency  of  one 
megacycle  would  have  a time  in- 
terval of  one  microsecond  between 
successive  cycles. 

In  order  to  make  use  of  such  a 
sine-wave  calibrating  signal  it  is 
necessary  that  the  signal  be  syn- 
chronized with  the  trigger  signal 
which  starts  the  time  base.  This 
requirement  has  led  to  the  general 
adoption  of  various  forms  of  shock- 
excited  oscillators.  Circuits  of  this 
type  are  arranged  to  deliver  a 
damped  wave  train  of  oscillations 
when  excited  by  the  same  trigger 
voltage  which  initiates  the  sweep 
oscillator.  The  time  interval  be- 
tween successive  cycles  of  the 
damped  wave  is  governed  by  a 
tuned  circuit  which  is  resonant  at 
the  desired  frequency. 

The  disadvantages  of  this  method 
are:  (1)  Since  the  frequency  is  de- 
termined by  a simple  tuned  circuit, 
its  alignment  must  be  checked  fre- 
quently. (2)  The  frequency  of  the 
tuned  circuit  can  only  be  checked 
while  it  is  operated  in  a continuous- 
wave  oscillator  circuit.  Whethar 
the  resonant  frequency  remains  the 
same  under  conditions  of  shock  ex- 
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FIG.  I — Typical  pulM  sequence,  showing  the  long  and  short  FIG.  2 — One-microsecond  pulse  can  appear  distorted  when 

periods  that  must  be  accommodated  by  a time-base  calibrator  viewed  on  a high-speed  time  base  ii  the  sweep  Is  non-linear 


citation  is  questionable.  (3)  A 
damped  wave  train  may  introduce 
errors  because  the  time  interval  of 
each  cycle  is  not  the  same. 

To  overcome  these  drawbacks  the 
system  shown  in  the  block  diagram 
is  used.  The  unit  contains  a 5-mc 
crystal-controlled  oscillator  which 
supplies  the  calibrating  signal.  Be- 
cause the  time  interval  between 
cycles  is  0.2  microsecond,  calibrat- 
ing intervals  of  0.1  microsecond  are 
readily  available. 

Following  the  crystal  oscillator 
is  a series  of  multivibrators  used 
as  frequency  dividers.  The  first, 
operating  at  600  kc,  is  synchronized 
directly  from  the  crystal  oscillator. 
It,  in  turn,  synchronizes  a 50-kc 
stage  which  in  turn  locks  in  a 5-kc 
multivibrator.  The  output  of 
this  multivibrator  synchronizes  a 
fourth,  whose  frequency  is  variable 
in  synchronized  steps  from  600  to 
2600  cps. 

The  output  of  the  last  multi- 
vibrator is  fed  through  a pulse- 
shaping amplifier,  a variable  delay 
network  and  finally  a cathode- 
loaded  output  stage.  The  function 
of  the  frequency  dividers  and  pulse- 
shaping stage  is  to  produce  a pulse 
which  is  synchronized  with  the  cali- 
bration signal  and  suitable  for  use 
as  a trigger  pulse  to  trigger  the 
sweep  circuit  in  the  oscilloscope. 

When  the  oscilloscope  sweep  is 
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FIG.  3 — Constant-amplitude.  Ilxed-fre- 
quency  sins  wars  serves  to  mark  mi- 
crosecond Intervals  on  sweep  for  line- 
arity calibration 

triggered  by  this  pulse  and  the 
calibrating  signal  from  the  crystal 
oscillator  applied  to  the  vertical 
plates  of  the  c-r  tube,  the  stationary 
sine  wave  pattern  of  Fig.  3 is  ob- 
tained. The  variable  delay  control 
in  the  input  to  the  cathode-loaded 
output  stage  permits  positioning 
the  calibration  signal  anywhere 
along  the  time  base. 

As  previously  pointed  out,  the 
time  interval  between  successive 
peaks  of  the  same  polarity  is  0.2 
microsecond.  If  the  sweep  speed 
is  adjusted  until  exactly  five 
peaks  coincide  with  one  inch  of  de- 
flection, the  time  base  can  be  con- 
sidered to  have  an  accurate  calibra- 


tion of  one  microsecond  per  inch  of 
deflection.  If  the  sweep  speed  is 
adjusted  for  10  peaks  per  inch,  the 
calibration  is  equivalent  to  2 micro- 
seconds per  inch. 

Calibrator  Circuit 

The  circuit  shown  in  Fig.  4 is, 
with  few  exceptions,  straightfor- 
ward and  requires  little  explana- 
tion. The  final  multivibrator  is 
made  variable  in  frequency  so  that 
the  oscilloscope  sweep  circuit  can 
be  triggered  at  the  same  repetition 
rate  while  being  calibrated  as  when 
being  used  for  measurements.  This 
multivibrator  is  also  of  the  unbal- 
anced variety,  i.e.,  the  circuit  con- 
stants of  the  two  sections  of  the 
dual  tube  comprising  the  multi- 
vibrator are  considerably  different. 
As  a result,  one  half-cycle  of  the 
signal  is  much  shorter  in  duration 
than  the  other  half.  This  permits 
obtaining  a pulse  of  comparatively 
short  duration.  Because  the  shorter 
part  of  the  cycle  appears  as  a nega- 
tive pulse  on  the  plate  of  the  left- 
hand  triode,  the  output  of  this  sec- 
tion is  applied  to  a zero-bias  ampli- 
fier which  permits  the  negative 
half-cycle  to  be  amplified  while 
tending  to  clip  the  positive  half- 
cycle. The  amplitude  of  the  nega- 
tive peak  is  sufficient  to  drive  the 
amplifier  grid  to  cutoff  thus  squar- 
ing the  peak. 
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The  combination  *of  the  25,000- 
ohm  rheostat  and  15-piif  capacitor 
produces  a phase  shift  which  is 
capable  of  making  the  signal  ap- 
plied to  the  grid  of  the  cathode- 
loaded  stage  lag  the  signal  at  the 
plate  of  the  preceding  tube  by  al- 
most one  microsecond. 

The  output  signal  is  a positive 
pulse  having  an  amplitude  of  ap- 
proximately 20  volts  peak  and  a 
duration  at  80  percent  of  peak  of 
about  12  microseconds.  The  output 
of  the  crystal  oscillator  is  approxi- 
mately 70  volts  peak  to  peak. 

Us*  of  Calibrator 

To  insure  utmost  accuracy  of 
calibration  and  measurement  cer- 
tain precautions  have  to  be  ob- 
served. First,  before  the  time  base 
is  calibrated,  the  sweep  should  be 
positioned  by  means  of  the  position 
control  so  that  the  start  of  the 
sweep  is  at  some  definite  reference 
point.  Once  this  adjustment  is 
made  and  the  calibration  performed 
for  this  setting,  all  measurements 
should  be  made  with  the  sweep 
starting  at  the  same  reference 
point 

Second,  when  calibrating  the 
time  base,  the  calibration  should  be 
made  for  a certain  definite  portion 
of  the  sweep  (usually  the  one  inch 
nearest  the  center  of  the  oscillo- 
soopo).  All  future  measurements 
should  then  be  made  on  the  same 
Portion  of  the  sweep.  These  two 
precautions  eliminate  possible  error 
due  to  non-linearity  of  the  sweep  or 


non-linearity  of  the  c-r  tube  deflec- 
tion. 

Also,  it  is  advantageous  to  use 
the  peaks  of  the  calibration  signal 
which  are  nearest  the  vertical  por- 
tion of  the  c-r  tube  face  used  in 
making  measurements.  Thus  if 
negative  pulses  are  to  be  measured 
on  the  scope,  the  negative  peaks  of 
the  calibrating  signal  would  be 
nearest  to  the  portion  of  the  tube 
face  on  which  the  measurement  is 
to  be  made.  If  measurements  are 
made  at  the  vertical  center  of  the 
screen,  it  may  be  ah  advantage  to 
use  the  zero  crossover  portion  of 
the  sine  wave. 

Advoafago*  of  Calibrator 

The  equipment  described  has  cer- 
tain desirable  features  not  found  in 
calibrators  using  such  methods  as 
triggered  shock-excited  oscillators. 
First  of  all,  because  the  calibration 
signal  is  crystal-controlled  and  op- 
erates continuously,  the  calibration 
signal  covers  the  entire  duration  of 
the  sweep  and  has  a constant  ampli- 
tude over  the  whole  sweep. 

The  use  of  a 5-mc  calibrating  sig- 
nal enables  the  calibration  of  the 
sweep  to  be  done  at  points  of  one 
microsecond  and  one-half  microsec- 
ond per  inch  of  sweep  with  high 
accuracy.  The  unit  can  also  be 
easily  adapted  to  the  calibration  of 
slower  speed  sweeps  by  utilizing  the 
output  of  the  intermediate  multi- 
vibrators for  a calibrating  signal. 
For  example,  the  600-kc  multivi- 
brator could  be  used  for  obtaining 


2-microsecond  time  intervals,  20- 
microsecond  points  can  be  obtained 
from  the  50-kc  multivibrator  and 
200-microsecond  intervals  from  the 
5-kc  multivibrator. 

To  make  use  of  the  intermediate 
frequencies  for  calibrating  pur- 
poses it  would  be  desirable  to  pass 
the  output  of  the  multivibrator 
through  an  amplifier  which  has  a 
differentiating  network  in  its  grid 
circuit.  This  practice  would  pro- 
vide sharp,  spike-like  pulses  that 
would  permit  sharper  calibration. 

In  setting  up  the  unit  and  adjust- 
ing the  multivibrators  to  synchro- 
nize on  the  proper  frequencies  a 
single  or  multiple  loop  Lissajou  pat- 
tern can  be  produced  on  an  oscil- 
loscope by  using  the  multivibrator 
output  and  a standard  signal  gen- 
erator. The  dual  potentiometer  in 
the  grid  circuit  of  the  multivibrator 
is  varied  until  the  Lissajou  pattern 
is  synchronized;  that  is,  appears 
stationary.  An  alternate  method  is 
to  use  the  output  of  the  crystal 
oscillator  or  the  preceding  multi- 
vibrator in  place  of  the  signal  gen- 
erator. The  final  multivibrator  can 
best  be  checked  for  frequency 
range  by  comparing  its  output  to 
an  audio-frequency  signal  on  the 
oscilloscope. 

Units  of  this  type  have  been  in 
use  by  the  writer  for  several  years 
for  calibrating  oscilloscopes.  The 
results  have  been  consistently  re- 
liable. Few  readjustments  of  the 
multivibrators  have  been  neces- 
sary. 


n<5'  ♦—Circuit  el  Mil -contained  time-baa*  calibrator  which  can  be  built  tor  rack  mounting  or  teat-bench  use 
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Breakwater,  levee,  dam,  lock  and  other  marine  experiments  performed  with  models  j 
utilize  electron  tubes  for  the  determination  of  wave  heights  and  water  pressures.  Earth 
pressures  are  recorded  in  a manner  which  lends  itself  to  the  testing  of  airport  runway 
pavements.  Special  relay-booster  and  timing  circuits  are  also  used 


ONE  OF  THE  AGENCIES  of  the 
Corps  of  Engineers,  War  De- 
partment, which  has  consistently 
done  its  part  toward  victory  is  the 
U.  S.  Waterways  Experiment  Sta- 
tion. Established  in  1929  for  the 
primary  purpose  of  making  hy- 
draulic model  studies  of  the  Missis- 
sippi River  and  other  recalcitrant 
streams  and,  through  an  associated 
soil  mechanics  laboratory,  making 
improvements  in  levee  and  dam  de- 
sign, the  activities  of  this  agency 
have  more  recently  been  devoted 
to  problems  of  harbor  protection 
and  improvement  and  airport  de- 
sign as  well  as  other  related  in- 
vestigations concerned  with  the 
war  effort. 

One  of  the  most  important  ad- 
juncts of  this  investigative  agency 
lies  in  the  instrumentation  devel- 
oped for  specific  requirements  die- 


FIG.  1 — Schematic  of  a staff  which 
facilitates  determination  of  ware 
heights.  A photograph  of  the  staff  is 
shown  in  Fig.  2 
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tated  by  the  complex  techniques 
employed  in  the  solution  of  modern 
hydraulics  and  soil  mechanics 
problems.  It  is  the  purpose  of  this 
paper  to  describe  some  of  the  elec- 
tronic devices  which  have  recently 
found  application  in  the  success- 
ful solution  of  several  difficult 
problems.  The  instrumentation  to 
be  described  includes  wave-height 
measuring  apparatus  for  break- 
water and  harbor  studies,  pressure 
cells  designed  to  determine  both 
water  and  earth  pressures,  deflec- 
tion gages  used  in  pavement  stud- 
ies, and  timing  apparatus  for  ve- 
locity determination  by  means  of 
float  measurements.  Other  devices 
in  use  or  under  development  are 
briefly  mentioned. 

Wave-Height  Measeremeet 

While  the  device  developed  for 
wave-height  measurement  is  not 
strictly  electronic  in  itself,  the 
power  unit  supplying  the  neces- 
sary constant  d-c  voltage  is  elec- 
tronically controlled.  It  is  this 
latter  refinement,  with  its  elimina- 
tion of  frequent  calibrations  neces- 
sitated by  battery  voltage  drop 
during  periods  of  operation  and 
battery  rejuvenation  during  pe- 
riods of  idleness,  that  has  made 
the  wave-height  measuring  device 
a practical  tool. 

Essentially,  this  device  consists 
of  a vertical  staff  or  case  contain- 
ing a series  of  individual  contacts 
in  one  face,  covering  the  vertical 
range  of  water  movement  expected, 
and  a continuous  contact  on  the 
opposite  face,  as  illustrated  in  Fig. 
1.  Small  ( 4-watt)  resistors  are 


interconnected  between  the  indi- 
vidual contacts.  These  resistors 
are  contained  within  the  case,  as 
shown  in  Fig.  2,  except  when  lim- 
ited by  reduced  physical  dimen- 
sions of  the  cases  used  on  small- 
scale  models,  where  closer  contact 
spacing  and  a small  cross-sectional 
area  are  necessary  because  of  di- 
minutive characteristics  of  the 
wave  patterns.  In  such  instances, 
the  resistors  are  mounted  on  a 
cross-arm  located  above  high-  ' 
water  elevation  and  the  intercon- 
nections to  the  individual  contacts 
are  made  with  small-gage  wires  /A 
running  up  through  the  case  'to  the 
cross-arm.  H 

The  principle  utilized  in  the  HP 
wave-height  measuring  device  in-  w 
volves  the  fact  that  a water  path  ' 
can  serve  to  complete  an  electrical  ■>» 
circuit  between  two  points  (in  this  L 


FIG.  2 — Photograph  ol  the  ware-height 
measuring  stall  shown  schematically 
In  Fig.  1.  Resistors  are  within  the  stall 
and  their  leads  lorm  contacts 
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instance,  the  continuous  conta 
strip  on  one  face  of  the  case  ai 
whichever  of  the  individual  co 
*****  on  the  other  face  is  locati 
on  the  water  surface  at  that  i 
stant).  The  resistance  of  th 
electrical  circuit  can  be  made 
vary  in  inverse  proportion  with  v 
^tiong  in  the  water-surface  elev 
■on  by  suitable  calculation  of  tl 
individual  resistors  installed  l 
eon  contacts.  Thus,  when  a co 
* n*  d'c  voltage  is  impress 
a«oss  the  terminals  of  the  resii 
ance  staff,  the  resulting  curre 
anges  in  the  electrical  circi 
correspond  directly  wi 
ti„  ges  *1  water-surface  elev 
“on,  or  wave  height. 

p:  * ca'ibration  curve  shown 
, .represents  the  oscillogra’ 
! wf‘°r0btained  in  eaIibrati 

with  a 2^  1?(lt  mea8uring  devi 
tion»a  w‘range-  Thiscalibi 
l 8 obtained  by  making  inci 
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mental  variations  of  the  submerg- 
ence of  the  resistance  staff  in  still 
water  and  observing  the  corre- 
sponding deflections  of  the  galva- 
nometer beam.  It  should  be  noted 
at  this  point  that  a continuous 
curve  is  obtained  on  the  oscillo- 
gram as  the  resistance  staff  is 
moved  through  its  range  in  the 
water.  Although  in  theory  a 
stepped  record  would  be  obtained 
as  determined  by  the  spacing  of 
the  individual  contacts,  in  actual- 
ity the  variation  in  contact  area  as 
the  staff  is  submerged  is  sufficient 
to  result  in  a practically  continu- 
ous curve.  Resistance  of  the  water 
path  remains  fairly  constant 
throughout  the  operating  range; 
any  possible  error  from  this  vari- 
able and  from  changes  in  the  con- 
ductivity of  the  water  is  eliminated 
by  the  use  of  a current-limiting 
resistor  included  in' the  calcula- 
tions of  individual  resistor  values; 


it  has  not  been  found  necessary  to 
add  salt  to  the  water  or  otherwise 
alter  its  natural  conductivity. 

A constant  d-c  voltage  must  be 
impressed  on  the  terminals  of  the 
resistance  staff.  It  is  obvious  that 
this  device  is  voltage-sensitive  in 
regard  to  calibration.  It  was  found 
in  practice  that  there  were  slight 
irregularities  in  the  output  of  a 
conventional  power  supply  operat- 
ing from  the  a-c  lines,  even  when 
voltage  regulator  tubes  were  used. 
Futhermore,  the  output  of  such  a 
device  contained  traces  of  60  and 
120-cycle  voltages  and  their  har- 
monics, even  with  an  oversized 
double-section  filter,  and  the  device 
was  affected  by  transients  in  the 
a-c  supply.  Accordingly,  several 
electronically  operated  voltage- 
stabilizing  circuits  were  investi- 
gated and  a satisfactory  circuit 
developed.  The  circuit  as  finally 
evolved  was  an  adaptation  of  the 
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flection  in  Inches  on  the  screen  of  an 
oscillograph  versus  submergence  of  a 
wave-height  measuring  staff  In  feet 

voltage  stabilizer  controlled  by  a 
thermionic  pentode  described  by 
Evans’,  operated  in  conjunction 
with  a gaseous  voltage  regulator 
tube  rated  at  90  volts.  The  com- 
plete circuit  is  shown  in  Fig.  4. 
This  circuit  provides  an  output 
voltage  of  extreme  stability,  com- 
pletely protected  from  a-c  tran- 
sients and  long-time  surges.  The 
resulting  straight  trace  on  the 
oscillogram  is  indistinguishable 
from  a d-c  battery  trace  even  when 
the  equipment  is  operating  at  full 
sensitivity.  As  a matter  of  fact, 
the  calibrations  obtained  with  this 
device  have  been  found  to  be  so 
consistent  that  it  is  now  necessary 
to  calibrate  the  resistance  staffs 
themselves  only  at  more  or  less  in- 
frequent intervals;  for  this  reason 
an  artificial  calibrating  arrange- 
ment has  been  added  to  the  equip- 
ment in  order  to  facilitate  setting 
and  checking  galvanometer  sensi- 
tivity for  waves  of  various  heights. 

A block  diagram  of  the  complete 
wave-height  measuring  apparatus 
is  shown  in  Fig.  5.  All  of  the  com- 
ponent parts  described  in  the  para- 
graph above  are  contained  in  a 
single  chassis  assembly,  the  only, 
external  connections  being  the  in- 
put lead  from  the  resistance  staff, 
the  output  lead  to  the  oscillograph, 
and  the  connection  to  the  a-c  line. 
For  use  on  a wave-action  model,  as 
many  of  these  assemblies  as  may 
be  required,  depending  on  the 
number  of  points  of  wave-height 
measurement  to  be  recorded  simul- 
taneously, are  placed  in  a rack  at 
the  point  of  recording.  A group  of 
five  of  these  devices  so  assembled 
is  pictured  in  Fig.  6.  Oscillo- 
graphic re.cording  is  employed  be- 
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cause  of  the  short  wave  period  (1 
to  3 sec)  of  the  model  waves  en- 
countered. For  waves  of  a longer 
period  a recording  meter  could  be 
connected  in  place  of  the  oscillo- 
graph with  equivalent  results. 

Water-level  variations  ranging 
from  10  feet  down  to  less  than  0.01 
foot  have  been  measured  with  va- 
rious physical  versions  of  the 
wave-height  measuring  device,  and 
no  difficulty  is  foreseen  in  extend- 
ing this  range  in  either  direction. 
The  staff  can  be  made  of  sufficient 
length  to  extend  below  the  trough 
and  above  the  crest  of  the  maxi- 
mum wave  to  be  measured,  and  the 
cross-section  may  be  as  large  as  is 
necessary  to  secure  the  desired 
rigidity.  A three-foot  resistance 


staff  has  been  operated  in  the  Ex- 
periment Station  lake  for  experi- 
mental purposes.  In  this  installa- 
tion, a recording  milliammeter  was 
employed,  together  with  a system 
of  relays  to  control  the  interval 
and  length  of  records  taken.  This 
relay  circuit  was  interconnected 
with  two  trigger  elements  mounted 
on  either  side  of  the  resistance 
staff  in  order  that  storm  waves  not 
in  coincidence  with  the  set  inter- 
vals of  wave  recording  would  not 
be  missed,  with  the  intervals  be- 
tween recordings  being  succes- 
sively reduced  as  the  heights  of 
the  waves  exceeded  the  values  for 
which  the  triggers  were  set. 

Prototype  applications  of  this 
device  in  lakes  or  even  the  ocean 


* Voltage-stabilised  power  supply  used  In  conlundlon  with  ware-height 
measuring  equipment.  Provision  for  setting  and  checking  galvanometer  sensi- 
tivity Is  included  in  this  circuit  to  Insure  maintenance  oi  calibration 


FIG.  9 Block  diagram  ol  the  complete  ware-height  measuring  apparatus 
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FIG.  6 — Fire  ware-height  measuring  anile  may  be  teen  la  the  portable  rack, 
with  an  oscillograph  at  the  right 


have  been  given  consideration. 
The  staff  could  be  attached  to  an 
existing  nonfloating  structure  such 
as  a fixed  channel  marker  or  a 
breakwater,  or  to  a substantial  pile 
or  pile  clump  driven  at  the  desired 
location,  while  if  excessive  depth 
precluded  erection  of  a fixed  struc- 
ture on  which  to  mount  the  staff 
an  appropriately  anchored  floating 
rig  would  suffice.  Wave-height 
measurements  from  these  installa- 
tions could  easily  be  relayed  by 
radio  to  recording  meters  located 
on  shore  or  elsewhere.  It  is  be- 
lieved that  the  resistance  staff  can 
be  adapted  readily  to  the  measure- 
ment and  recording  of  full-size 
waves. 

Mtmlahg  Wav*  Pratiir* 

"Eight  pressure  cells  were  sup- 
plied by  a commercial  firm  in  ac- 
cordance with  specifications.  The 
simplest  single-channel  setup  in- 
cludes a pressure  cell,  an  attenu- 
ator, a one-stage  amplifier,  a 
rectifier  and  filter,  an  oscillator, 
and  a power  supply.  These  com- 
ponents constitute  a modulated  a-c 
bridge  as  shown  in  Pig.  7. 

The  pressure  cells  or  gage  heads 
have  a range  of  0 to  1 psi  when  in 
their  most  sensitive  adjustment. 
This  range  may  be  attenuated  in 
the  amplifier  input  circuit  to  a 
range  of  0 to  8 psi.  The  pressure 
cell  is  approximately  two  inches  in 
diameter  and  four  inches  long,  and 
consists  of  three  essential  parts: 
he  diaphragm,  the  cell  body,  and 
e coil  holder.  Construction  is 
shown  in  Fig.  8.  The  diaphragm, 
as  ene(*  the  gage  body,  carries 
M armature  which  transforms  the 
diaphragm  movements  caused  by 
Pressure  into  changes  of  reactance 


of  the  coil.  A second  coil  in  the 
unit,  known  as  the  balancing  unit, 
remains  at  a constant  reactance,  at 
a value  determined  by  adjustments 
made  during  calibration.  The  two 
coils  are  so  interconnected  in  the 
a-c  bridge  arrangement  that  any 
movement  of  the  armature  due  to 
pressure  will  cause  a voltage 
change  in  the  amplifier  input  cir- 
cuit. The  a-c  voltage  is  amplified, 
rectified,  and  filtered.  The  final 
result  is  a direct-current  output 
proportional  to  the  applied  pres- 
sure. By  connecting  a recording 
oscillograph  to  the  output,  dy- 
namic records  of  water  pressures 
under  any  desired  conditions  of 
operation  are  obtained. 

The  pressure  cells  just  described 
were  secured  originally  for  the 
study  of  wave  force  against  break- 
waters, in  which  it  was  necessary 


to  determine  the  pressures  exerted 
by  the  waves  at  various  elevations 
in  order  to  develop  vertical  pres- 
sure curves  for  use  in  future  de- 
sign problems.  Figure  9 shows  a 
special  model  breakwater  section 
equipped  with  pressure  cells  and 
wave-height  measuring  contacts. 
The  cells  were  soon  found  to  be 
ideally  suited  to  other  applications. 
One  of  the  more  interesting  was  in 
the  study  of  pressures  due  to  water 
hammer  in  a model  of  the  Fort 
Peck  Dam  power  tunnel. 

Pressure  cell  equipment  has 
been  successfully  adapted  to  sup- 
ply another  long-needed  apparatus 
— a device  for  recording  rapid  fluc- 
tuations of  pressure  in  hydraulic 
systems  in  which  conditions  do  not 
permit  installation  of  a cell  at  the 
point  of  measurement.  An  instru- 
ment for  measuring  instantaneous 
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FIG.  8 — Gag*  b*ad  or  cell  em- 
ployed in  the  determination  of  wave 
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FIG.  10 Method  employed  to  record  rapid  fluctuations  ol  pressure  In  hydraulic 

systems,  using  one  ol  the  pressure  cells  designed  to  measure  ware  pressures.  ® 
This  particular  device  Is  called  a dynamic  pressure  meter 


values  of  pressure  within  a liquid 
body  has  been  given  the  name 
dynamic  pressure  meter,  and  is  il- 
lustrated in  Fig.  10.  Operation  of 
this  device  depends  upon  the  hy- 
draulic principle  that  the  pressure 
impulse  at  the  small  opening  in 
the  probe  will  be  transmitted  prac- 
tically undiminished  through  the 
confined  liquid  to  the  face  of  the 
pressure  cell.  The  device  is  sensi- 
tive to  the  rapid  pressure  fluctua- 
tions long  known  to  exist  in  pump 
intakes  and  around  baffle  blocks 
below  dams.  Such  measurements 
have  been  impossible  to  secure 
with  the  open-well  piezometers 


FIG.  9 — Model  breakwater  section 
equipped  with  cells  such  as  the  one 
illustrated  in  Fig.  8 for  the  measure- 
ment of  ware  pressure,  and  contacts 
such  as  those  illustrated  in  Fig.  1 and 
Fig.  2 for  the  determination  of  ware 
height 

previously  employed  due  to  their 
inherent  unresponsiveness  to  rapid 
pressure  fluctuations.  The  dynamic 
pressure  meter  has  been  adapted 
to  a wide  range  of  uses  involving 
measurements  of  both  dynamic 
and  static  pressures. 

Recordlaq  Earth  Nirnti 

The  pressure  cells  described  are 
only  one  of  several  types  employed. 
Various  applications,  both  for 
model  work  and  in  the  field,  have 
involved  the  use  of  many  of  the 
well  - known  pressure  - responsive 
elements  such  as  Goldbeck  cells, 
Carlson  stress  meters,  and  SR-4  re- 
sistance strain  gage  cells.  The 
principal  activities  of  the  Experi- 
ment Station  have  been  in  the 
development  of  cells  utilizing  re- 
sistance-wire strain  gages  and 
associated  electronic  equipment. 
This  equipment  has  been  used  for 
studying  settlement  pressures  in 
earth-filled  dams,  for  pressure  dis- 
tribution studies  in  connection 


with  airport  pavement  design,  for 
field  measurements  of  penstock 
water-hammer  pressures,  and  for 
other  similar  applications.  Both 
direct-current  (direct  coupled) 
and  alternating-current  types  of 
amplifiers  have  been  developed  for 
use  in  connection  with  these  pres- 
sure cells. 

Figure  11  shows  a typical  field 
installation  for  dynamic  measure- 
ment of  earth  pressures,  in  which 
six  direct-current  amplifiers  were 
employed.  In  this  application  it 
was  considered  necessary  to  use 
direct-current  amplifiers  due  to  the 
high-frequency  shock  pressures  to 
be  recorded.  The  circuit  for  these 
amplifiers  was  based  on  the  circuit 
described  by  Trevino  and  Offner*. 
For  other  applications  it  has  been 
possible  to  use  alternating-current 
amplifiers,  and  a more  or  less 
standard  circuit  has  been  devel- 


oped for  this  equipment,  which  ' 
includes  a 2000-cycle  oscillator  to 
supply  bridge  voltage,  a three- 
stage  amplifier,  rectifier,  and  fit- 
ters. A block  diagram  of  this 
equipment  is  presented  in  Fig.  12. 

Pressure  cells  for  hydrostatic 
measurements  are  somewhat  sim- 
pler in  construction  than  the  earth 
pressure  cells,  and  this  type  of  cell 
will  therefore  be  described  first. 
The  basic  element  employed  in 
these  devices  is  the  SR-4  resistance 
wire  strain  gage,  which  consists  of 
a grid  of  very  fine  resistance  wire 
assembled  on  a thin  layer  of  paper, 
with  suitable  protective  felt  cov- 
ering. In  practice  this  gage  is 
cemented  to  a metal  diaphragm 
and  functions  by  virtue  of  the  fact 
that  strain  in  the  diaphragm  re- 
sulting from  bending  due  to  ap- 
plied pressure  will  result  in  strain 
in  the  wire  grid  sufficient  to  pro- 


FtG.  11 — Field  Installation  ol  resistance-wire  strain  gags  squlpm.nt  designed 
to  measure  earth  pressures.  On.  ol  its  uses  was  in  connection  with  the  de- 
sign ol  bombproo!  shelters.  In  this  Instance  d-e  amplifiers  were  used 
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applied  to  the  faceplate  will  be 
uniformly  applied  to  the  dia- 
phragm. 

The  six-channel  amplifier  shown 
in  Fig.  14  is  typical  of  the  elec- 
tronic equipment  provided  for  use 
with  pressure  cells  or  other  de- 
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OSCILLATOR 


SA6ES  ON  CANTILEVER  FOR  RESISTANCE  BAtANCE 


COMPRESSION 
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PACK 


CAPACITANCE  BALANCE 


FIG.  15 — Circuit  o!  three-* tag*  amplifier  employed  In  the  unit  pictured  In  Fig.  14.  It 
U used  In  conjunction  with  the  oedllator  shown  schematically  in  Fig.  18  and  the 
power  supply  shown  in  Fig.  17 


FIG.  18 — Resistance-controlled  2000-cycle  oscillator  used  in  combination  with  ampli- 
fiers such  as  the  one  shown  schematically  In  Fig.  15.  It  supplies  power  to  six  a-c 
bridges,  the  output  of  which  dries*  associated  amplifiers  and  oscillographs 
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vices  containing  resistance  strain  "" 
gages  as  the  measuring  element 
The  detailed  circuit  for  a typical  i 
three-stage  amplifier  is  presented 
in  Fig.  15,  including  the  rectifier,  ~ 
filter,  and  output  selector  connec-  ; 
tions.  The  2000-cycle  oscillator  dia-  : 
gram  is  shown  in  Fig.  16.  A resis- 
tance-controlled circuit  was  se- ; 
lected  for  stability.  The  buffer  > 
stage  serves  to  divorce  the  oscil-  ' 
lating  circuit  from  load  changes, 
and  the  power  stage  supplies  the 
necessary  output  for  operating  six  ) 
bridge  circuits.  The  electronically  _ 
regulated  power  supply  is  shown  i 
in  Fig.  17.  This  circuit  provides  a ; 
constant  plate  voltage  for  each  j 
amplifier  channel,  unaffected  by ; 
line  transients  or  load  changes.  , J 
In  operating  the  equipment,  each  | J 
input  circuit  is  brought  to  a re-  j I 
sistive  and  capacitive  balance  and r 
the  oscillator  voltage,  individual  ^ 
channel  gain,  and  output  shunt  are  ~~ 
adjusted  for  the  desired  attenua-  ■-* 
tion  as  determined  by  the  resis-  * 
tance  change  expected.  Calibra- 
tion, in  terms  of  resistance  change, 
is  then  accomplished  by  means  of 
the  decade  resistance  units  incor-  - 
porated  in  the  input  circuit. 

The  particular  equipment  just 


described  was  designed  for  use  on 
airport  pavement  tests  for  deter- 
mining pressure  distribution  in  the 
subgrade  and  for  measuring  pave- 
ment deflections.  For  the  former 
measurements  the  earth  pressure 
cell  is  used,  while  for  the  latter 
measurement  a special  deflection 
gage  has  been  developed.  This  de- 
vice employs  the  SR -4  gage  as  the 
measuring  element,  but  in  this 
case  strain  is  produced  in  the  gage 
by  movement  of  a cantilever  arm 
on  which  the  gage  is  mounted. 
Movement  of  the  cantilever  arm  is 
produced  by  a tapered  pin  which 
is  displaced  as  the  pavement  de- 
flects under  load.  Constructional , 
details  of  this  gage  are  shown  m 
Fig.  18.  This  gage  is  installed  in 
the  surface  of  the  pavement  as 
shown  in  Fig.  19. 

Both  the  pressure  cells  and  de- 
flection gages  employing  the  re- 
sistance strain  gages  have  a linear 
characteristic  over  their  operating 
range.  Figure  20  is  a calibra- 
tion curve  for  a deflection  gage 
with  a 0.3-inch  range.  This  curve 
was  obtained  by  making  incremen- 
tal offsets  on  the  gage  and  com- 
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FIG.  18— Details  oi  a gage  used  to 
mtasure  pavement  deflections 


pitting  resistance  changes  from 
readings  required  to  balance  a 
special  Wheatstone  bridge  de- 
signed for  use  with  these  gages.  In 
operation,  the  amplifier  is  cali- 
brated as  previously  explained  by 
recording  0.1-ohm  resistance 
changes  on  the  oscillogram.  This 
calibration  is  then  used  in  con- 
junction with  the  gage  factor 
stated  on  the  calibration  curve  as 
a weans  of  interpreting  the  deflec- 
tion records  obtained  during  load 
Passages  over  the  pavement.  The 
oscillogram  in  Fig.  21(A)  illus- 
trates the  calibration  method  just 
described,  while  the  oscillogram 
111  Fig.  21(B)  shows  a typical  rec- 
ord obtained  from  pressure  cells 
installed  in  an  airport  pavement 


0H*r  Electronic  Application! 

t,flrCUits  involving  thyra 
cs  have  been  developed  f 
umber  of  applications.  For 
P e,  on  all  models  involving 
^«on  tidal  action,  a ra 
>hcned  cam-operated  app 

matin88  bj6n  developed  for  1 
«.  continu°us  reprc 
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FIG.  IS — Method  oi  installing  the  gage 
Uluetrated  In  Fig.  18  In  pavement 


erratic  closing  of  control  relays. 
Insertion  of  a thyratron-operated 
booster  relay  in  the  floating  con- 


tact circuit  has  completely  allevi- 
ated this  difficulty. 

A typical  booster-relay  thyra- 
tron  circuit  as  employed  on  tide- 
control  equipment  is  shown  in 
Fig.  22.  The  grounding  polarity 
light  is  incorporated  as  a ready 
means  of  determining  proper 
polarity  in  plugging  in  the  equip- 
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ment,  which  is  frequently  moved 
about,  since  proper  and  foolproof 
grounding  of  the  equipment  is  con- 
sidered essential  due  to  its  cus- 
tomary use  in  proximity  to  bodies 
of  water.  The  transformer,  recti- 
fier, and  filter  provide  a steadier 
operating  condition  for  the  thyra- 
trons  than  could  be  obtained  with 
straight  a-c  operation,  and  were 
incorporated  for  this  reason.  The 
indicating  lights  were  included  as 
a visual  aid  to  the  operator  during 
adjustment  of  the  tidal  apparatus. 

Another  thyratron-controlled  re- 
lay circuit  has  been  developed  for 
timing  the  passage  of  floats  be- 
tween fixed  points  in  model  dis- 
charge ranges  and  has  proved  to 
be  much  more  accurate  than  pre- 
vious manual  timing  methods.  The 
problem  here  was  to  start  a stop- 
watch as  a float  passed  under  a 
wire  at  a certain  point  and  to  stop 
the  watch  as  the  float  passed  an- 
other wire,  say  12  inches  down- 
stream from  the  first  wire.  This  is 
accomplished  in  the  circuit  shown 
in  Fig.  23. 

Passage  of  a metallic  float  under 


FIG.  23 — Electronic  circuit  used  to  time  the  passage  of  a metallic  float  down  a 
model  waterway.  The  float  contacts  a wire  as  it  passes  the  starting  point  and 
a clock  Is  started.  It  then  contacts  another  wire  farther  downstream  and  the 
clock  is  stopped 


for  a fraction  of  a second  to  pre- 
vent any  effects  from  bouncing 
of  the  float  on  the  initial  contact, 
and  then  sets  up  the  relay  circuit 
to  drop  out  on  the  next  contact. 
Passage  of  the  float  under  the  sec- 
ond cat-whisker  wire  results  in 


only  one  lead  wire  from  the  con-  [ 
tacting  frame  to  the  thyratron  cir-  - 
cuit,  which  enables  the  operator  i 
to  make  a very  sensitive  adjust- 
ment of  the  operating  point. 

Electronic  devices  are  meeting 
the  instrumentation  requirements 


a cat-whisker  wire  produces  a stopping  of  the  stop-watch,  tern- 
momentary  high-resistance  con-  porary  locking  out  of  the  relay 
tact  sufficient  to  fire  the  thyratron  circuit  as  explained  above,  and 
tube  and  its  associated  relay.  This  then  restoration  of  the  relay  cir- 
operation  starts  the  electric  stop  cuit  to  the  starting  condition.  This 
watch,  locks  out  the  relay  circuit  circuit  makes  it  necessary  to  use 


FIG.  22 — Thyratron  booster  circuit  smployod  in  ' studios  of  tidal  cycles.  It  avoids 
irregularities  of  operation  formerly  caused  by  corrosion  of  contacts  mounted 
on  floating  supports  and  insures  proper  control  relay  operation 


of  the  Experiment  Station  by  means 
of  the  apparatus  described  above 
and  in  many  other  ways.  Much 
work  has  been  done  in  connection 
with  model  photography,  including 
timed  flashes  for  velocity  measure- 
ments by  means  of  timed  floats, 
and  in  the  timing  of  photographic 
processes.  Salt-water  studies  have 
required  the  development  of  con-  , 
ductivity  apparatus,  and  a soil  | 
moisture  content  and  temperature 
investigation  has  required  other 
special  equipment.  New  develop- 
ments and  applications  are  contin- 
uously under  way  in  the  Elec- 
trical Measurements  Laboratory. 

The  Waterways  Experiment  Sta-  j 
tion  operates  under  the  super- 
vision of  the  President,  Missis- 
sippi River  Commission,  which  is 
a direct  agency  of  the  Office  of  the 
Chief  of  Engineers.  Brigadier 
General  Max  C.  Tyler  is  President, 
Mississippi  River  Commission, 
while  activities  of  the  Experiment 
Station  are  directed  by  Gerard  H. 
Matthes,  Head  Engineer. 
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INTERFERENCE  IN 
F-M  RECEIVERS 


Review  of  equations  covering  interference-suppressing  ability  when  desired  and  unde- 
sired signals  have  the  same  average  frequency,  with  experimental  verification  by  measure- 
ments on  a representative  commercial  receiver 


Thebe  has  been  developed  a 
theory  by  Reich1,  Pollack*,  and 
several  others  concerning  the  ratio 
of  interference  to  desired  signal  in 
the  audio  output  of  an  idealized  fre- 
quency-modulation receiver  for 
known  ratios  of  interfering  to  de- 
sired input  signals.  The  object  of 
this  investigation  was  to  determine 
whether  or  not  an  average  commer- 
cial frequency-modulation  receiver 
adheres  to  this  theory  regarding 
interference. 

The  type  of  interference  which 
was  studied  and  applied  in  measur- 
ing the  suppression  ability  of  the 
receiver  under  test  was  that  which 
results  from  two  signals  having  the 
same  average  frequency,  one  being 
considered  as  the  desired  signal  and 
the  other  as  an  interfering  signal. 
The  conditions  chosen  represent  an 
interference  problem  at  its  worst. 

TkMrV  of  Slaqto-ChaMcl  lotorforence 

. , *'or  convenience,  consider  the  de- 

- sired  signal  to  be  of  unit  amplitude, 
and  the  interfering  signal  to  be  of 
^Plitude  a.  It  is  assumed  that  if 
f « were  comparable  to  “unity,”  the 
, . lnkrference  would  be  so  great  that 
/ one  would  attempt  to  listen  to 
, ™ desired  signal.  Consequently, 
f Jf86  k*8  'ittle  practical  inter- 
68 1 “owever,  when  the  desired  sig- 
■ "al  is  at  a modulation  lull,  the  in- 
jj;  ,.r  ering  siknal,  even  though  rela- 
lve  y small  in  magnitude,  produces 
m undesirable  psychological  effect, 
“c.e  ‘‘  caa  now  be  heard  together 
“the  desired  audio  output.  It 
thu^R1  ^ese  ^eneral  conditions 
0j  “*e  interference  suppression 
commercial  receiver  was 
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By  ROBERT  H.  JOHNSON 

Gollinoatoood,  K.  J. 

A term  which  occurs  quite  fre- 
quently in  the  analysis  of  single- 
channel interference  is  instantane- 
ous frequency.  Assuming  a voltage 
of  the  form  e = A cos  4>,  a cus- 


jf 

DESIRED 

UNDESIRED  SIGNAL  . 

FIG.  1 — Vector  diagram  for  desired  and 
undesired  i-m  signals,  both  having  the 
same  frequency 
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FIG.  2— Frequency  response  ol  output 
system  Into  which  audio  system  ol  f-m 
receiver  was  fsd  lor  visual  Indication 
ol  Interference  wave  form 


FIG.  3— Calculated  Interference  pattern 
envelopes  lor  deviations  oi  15  and  75  he 


tomary  and  suitable  definition  of 
instantaneous  frequency  is  a = 
d4/dt,  where  <o  is  the  instantaneous 
angular  frequency  and  641  dt  repre- 
sents the  rate  of  change  of  the 
angular  displacement  with  respect 
to  time.*  It  is  this  definition  that 
will  be  used. 

The  desired  signal  is  not  modu- 
lated, the  condition  of  a modulation 
lull  being  assumed ; only  the  carrier 
is  present.  The  undesired  signal  is 
frequency-modulated  with  a fre 
quency  deviation  of  ±Ao>  and  at  a 
modulation  frequency  of  v>„  which 
is  much  less  than  the  carrier  fre- 
quency. 

Referring  to  Fig.  1,  the  desired 
and  undesired  signals  at  some  in- 
stant of  time  are  respectively  1 cos 
3 and  a cos  a.  The  following  expres- 
sions may  be  written 

jjL  = = constant  carrier  frequency  (1) 

0 = / w,  dt  =■  urf  + « (2) 

da  = „'(()  = ua  + Aw  cos  (co»0  (3) 

dt 

which  represents  the  frequency 
variations  of  a frequency-modu- 
lated signal.  Then 

*'(0*  =[“>*  + ^ «“(«■*+*)  ] 

(4) 

The  output  of  a frequency-modu- 
lation receiver  should  be  propor- 
tional to  the  instantaneous  fre- 
quency of  the  input  signal.  In  the 
present  case,  the  instantaneous  fre- 
quency resulting  from  the  super- 
position of  two  input  signals  is  to 
be  determined.  Referring  to  Fig.  1 
again,  the  instantaneous  frequency 
of  the  resultant  signal  is  seen  to  be 
<c  = d<t>/dt.  The  problem,  therefore, 
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is  to  solve  for  the  value  of  &>. 

It  can  be  seen  by  inspection  that 
<t>  - P + y-  Now  by  simple  trigono- 
metric relationships  we  can  write 

V-  f,  -!  «*»(«-*)  ... 

1 + a coe  (a  — ff)  W 

or,  since  a is  much  less  than  unity 

7 ^ a sin  (a  — 0)  = a sin  sin  (w„<) 

Then  (6 

* = 0 + M]  (7) 

By  definition 

dtf> 

[o  &Z  cos  («„<)  ] cos  sin  (amt)J  (8) 

wnere 

“ *=  resultant  instantaneous  angular  fre- 
quency of  input  signals 

“““fMtude  of  undesired  signal,  equal 

• tte  Tatl°  °I  interfering  to  desired 
input  signals  since  the  desired  sienal 
— is  of  unit  amplitude 

1 “ time  in  seconds 


* OsdUoscope  pattern,  obtained 
under  earn,  condition,  a.  repre^nted 
br  fi«.  3 


Analysis  of  Discriminator  Oatpiit 

The  resultant  instantaneous  an- 
gu  ar  frequency  as  given  by  Eq. 
( ) is  seen  to  be  composed  of  both 
constant  and  a varying  term.  In 

a frequency-modulation  receiver 
the  output  of  the  discriminatorTs 
Proportional  to  the  variations  in 
he  instantaneous  angular  fre- 
quency  Consequently,  the  varying 

Xt1 

. Iysi8,  It  is  equivalent  „ 

;rr^ariation  with  ma*ni- 

d [a  Au>  cos  («-<)]  and  fre- 
quency d/dt  l(Si/Um)  8in  ( 

~ A“  c°8  (»-«).  with  both  the 
magnitude  and  the  frequency  vary! 

g 81nusoidally  with  time  ThL 
varying  frequency  will  h ^ a Jh 

CoLidr7ngtE“378)(“-,,J«*- 

™^rr^rtr^sold*,iy  in 

Sr«-; 

st-mt  Of  r Al  !any  Part’cular  in- 
s ! me’  deviation  Of  the 
•Miltant  instantaneous  angi 


quency  is  occurring  at  a definite 
frequency  which  is  the  interference 
frequency.  Thus  we  have  a fre- 
quency (the  resultant  instantane- 
ous angular  frequency)  varying 
sinusoidally  in  magnitude  at  some 
other  frequency  (the  angular  mod- 
ulation frequency).  Also,  when 
viewed  at  successive  instants  of 
time,  these  variations  are  in  them- 
selves varying  sinusoidally  at  still 
another  frequency,  the  interference 
frequency. 

Allowances  for  Daampbasls 

The  results  thug  far  haye  g.ven 
us,  theoretically,  the  wave  form  of 
the  interference  in  the  output  of 
a.  frequency-modulation  receiver 

since  in  this  type  of  receiver  the 
udio  output  is  proportional  to  the 
ariations  in  instantaneous  fre- 
quency as  given  in  Eq.  (8)  How- 
ever, in  practice  the  frequency  re- 

7oT7 t°f  riu*  receivin*  system  is 
not  flat.  This  is  due  to  the  fre- 
quency limitations  of  the  audio  sys- 
tem and  to  the  standard  deempha- 
sis circuit  placed  at  the  output  of 
the  discriminator  to  restore  the 

S What  U was  before 

. dard  RMA  preemphasis  at  the 
rnKmitter-  This  Preemphasis  of 
he  higher-frequency  components  is 

t K f1  t0  Vr+1^;  where 
^^^^^™*pdard  100-microsecond 
it  and  (,),  is  the  angular 
r-  The  reciprocal  of  this 
^^Mfector  is  effected  in 


the  receiver  by  the  ucciap, 
cuit.  Consequently,  the  1 
ence  in  the  audio  output  i,i 
proportional  to 

|q  Aoj  c-.8(m.di 

Vl  -T(^7~  CJI[~ »:(<*. 

. 

v 1 + 

The  ratio  of  interference 
sired  signal  in  the  output 
receiver  as  considered  in  ( 
alysis  is  N/S,  where  N is  p 
plitude  of  interference  ir 
output  of  f-m  receiver  duet 
position  of  a small,  undesir 
quency-modulated  signal  on 
modulated  desired  signal,  It 
nals  being  of  the  same  avert 
quency,  and  S is  peak  ampS 
the  desired  signal  alone,  fit 
modulated,  in  audio  output  - 
receiver. 

The  problem  is  to  deteral 
for  various  ratios  of  input!  1 
The  ratio  of  input  signals  i- 
by  a since  the  desired  signal-  - 
sidered  to  be  of  unit  amplii  - 
this  analysis,  the  standard ; 
mum  frequency  deviation  t 
kc  is  assumed  to  correspond' 
full  permissible  range  of  a 
lating  signal  at  the  input  : < 
system.  It  follows  that  tlx 
tional  utilization  of  this  full 
by  the  interfering  signal  : 
audio  output  is 

a Ms.  ’ 

2r  X 75,000  Vr+TMJ  1 

Thus  the  ratio  of  interfere^ 
desired  signal  in  the  output 
be  written  as  > ' 


mi 


'iri 


N 


Of  hi 


s 75,000  Vl  + (r  2rfJ 

or,  if  (t  2%  is  much  I 
than  unity,  the  above  express^ 
comes 

If  a 4=  , 

S 2r  X 75,000r  = r 

For  t = 100  /isec,  this  redua 
N/S  = a/47. 
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Practical  Consideratiots 

For  input  signal  sources  two 
nal  generators  were  employed, 
of  which  could  be  frequency-m 
lated.  These  were  connected  to 
input  terminals  of  the  conn 

cial  frequency-modulation  reo 

under  test.  This  particular  rece 
included  a deemphasis  circuit 
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not  an  audio  amplifier.  The  audio 
output  of  the  receiver  was  fed  into 
the  output  system,  which  consisted 
of  the  following  units  given  in  the 
order  of  connection  to  the  receiver : 
(1)  a calibrated  voltage-dividing 
network;  (2)  a high-gain  voltage 
[ amplifier;  (3)  a high-pass  filter  cir- 
' cuit;  (4)  an  oscilloscope. 

The  voltage-dividing  network 
was  used  to  produce  an  equal  de- 
flection on  the  oscilloscope  screen 
for  the  cases  of  interference  and 
desired  signal  respectively  in  the 
audio  output  of  the  receiver.  It 
was  thus  possible  to  determine  N/S 
for  various  prescribed  input  condi- 
' tions.  Because  of  the  small  magni- 
tude of  the  interference  voltage  it 
was  necessary  to  provide  the  high- 
gain  voltage  amplifier.  Also,  be- 
cause of  the  small  magnitude  of 
the  interference  voltage,  hum 
pickup  of  supply  power  frequencies 
and  harmonics  thereof  became  ob- 
jectionable. The  high-pass  filter  was 
inserted  to  eliminate  this  trouble. 
The  oscilloscope  was  used  to  give  a 
visual  indication  of  the  interfer- 
ence wave  form  and  also  as  an  in- 
dicator of  its  peak  amplitude. 

The  over-all  frequency  response 
of  the  output  system  is  given  in 
Fig.  2.  This  includes  the  amplify- 
ing circuits  of  the  oscilloscope.  The 
effect  of  the  filter  circuit  in  cutting 
off  the  lower  frequencies  is  evident. 
The  linear  frequency  scale  was 
used  to  give  direct  comparison  with 
the  cathode-ray  oscilloscope  pat- 
terns. 


For  the  particular  receiver 
tested,  the  over-all  time  constant, 
corresponding  to  that  which  occurs 
the  analysis,  was  measured  and 
found  to  be  80  microseconds. 

In  calculating  the  envelope  of  the 
Interference  pattern  so  that  it  may 
compared  with  the  experimental 
Pattern  as  seen  on  the  screen  of  the 


oscilloscope,  the  attenuation  effect 
of  the  output  system  with  respect 
to  frequency  is  just  as  important  as 
"e  attenuating  effect  of  the  de- 
cwphasis  circuit  in  the  receiver, 
nsequently,  the  envelope  of  the 
culated  interference  pattern  is 

proportional  to  the  magnitude  of 

j multiplied  by  the  fre- 
“®cy  response  curve  of  the  out- 
P“t  system. 


Since  the  interference  freque 
<.  a max‘mura  v»lue  equal  to 
^Uency  deviation,  the  shape 
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the  interference  pattern  envelope 
depends  on  the  deviation.  This  en- 
velope has  been  plotted  for  the  two 
representative  deviations  of  75  and 
15  kc  and  for  the  measured  time 
constant  of  80  microseconds  in  both 
cases.  These  plots  are  given  in 
Fig.  8. 

Photographs  of  the  experimen- 
tally obtained  patterns  for  the  same 
two  deviations  and  time  constant 
are  shown  in  Fig.  4.  In  these  pho- 
tographs, it  is  possible  to  see  the 
actual  variation  in  the  interference 
frequency.  This  variation  is  sinu- 
soidal and  is  represented  by  the 
changing  density  of  the  lines  cross- 
ing the  horizontal  axis.  It  can  be 
seen  that  the  portion  of  the  pattern 
having  the  greater  density  of  lines 
is  of  a lower  amplitude.  This  is 
consistent  with  the  attenuating  ef- 
fects of  the  output  system  and  the 
deemphasis  circuit.  To  correlate 
the  effects  of  the  various  attenuat- 
ing factors  on  the  interference  pat- 
tern envelope.  Fig.  5 is  included. 

Coaclasloa* 

The  quantitative  results  are 
given  in  Fig.  6.  Before  the  sig- 
nificance of  the  results  is  discussed, 
it  might  be  well  to  elaborate  on  how 
the  theoretical  line,  which  indicates 
N/S  as  a function  of  a,  is  obtained. 
The  theoretical  line  is  obtained 
from  Eq.  (10)  using  the  measured 
value  of  time  constant  equal  to  80 
microseconds.  The  value  of  inter- 
ference frequency  used  was  ob- 
tained graphically  from  the  calcu- 
lated interference  pattern  envelope 
for  the  75-kc  deviation.  The  inter- 
ference frequency  corresponding  to 
the  maximum  point  in  the  envelope 
was  used  in  the  calculations. 

The  measured  and  theoretical  re- 
sults deviate  somewhat  for  increas- 
ing values  of  a.  This  is  justified 
by  the  basic  assumption  that  a is 
considered  to  be  much  less  than 
unity. 

The  variations  in  measured  re- 
sults for  different  values  of  desired 
input  signal  are  probably  attribut- 
able to  a slight  error  in  the  decade 
attenuation  box  on  the  f-m  signal 
generator  used.  For  small  values 
of  o,  where  the  theoretical  line  is 
more  accurate,  these  variations  are 
of  little  importance. 

In  conclusion,  the  significant  re- 
sult of  this  investigation  is  that 
calculations  relative  to  interference 


made  on  the  basis  of  an  idealized 
frequency-modulation  receiver  have 
been  applicable  to  a representative 
commercial  receiver. 

This  article  is  based  on  a bache- 
lor’s thesis  submitted  to  the  De- 
partment of  Electrical  Engineering 
of  Massachusetts  Institute  of  Tech- 
nology. The  author  wishes  to  ac- 
knowledge the  generous  assistance 
of  Professor  L.  B.  Arguimbau,  who 
supervised  the  thesis. 
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FIG.  S — Interference  pattern  envelope# 
ior  various  attenuatinq  factors.  A- — de- 
emphasis  circuit  and  output  system: 
B-  deemphasis  circuit  alone:  C — theo- 
retical envelope  ior  ne  attenuating 
iactore 
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FIG.  S— Ratio  ol  interfering  eignal  to 
deoiled  eignal  in  the  audio  output  oi  a 
representative  f-m  receiver,  plotted  ae  a 
function  of  the  input  signal  ratio 
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Qualitative  explanation  of  the  operation  of  the  direct-current  restorer  circuit  used  in 
television  receivers  and  related  instruments  to  maintain  constant  brightness.  The  circuit 
shifts  all  incoming  signals  to  the  same  direct  voltage  reference  level 


1-riHE  D-C  RESTORER  CIRCUIT  makes 
X the  voltage  applied  to  the  grid 
of  a tube  start  from  a predeter- 
mined level,  usually  the  cut-off  po- 
tential of  the  tube.  In  television, 
this  circuit  alters  the  bias  level  of 
the  tube  so  that  signals  to  be  re- 
produced on  the  cathode-ray  tube 
are  restored  to  the  same  relative 
intensities  as  those  at  the  studio. 

Let  us  consider  a direct-current 
restorer  circuit  with  values  as  in- 
dicated in  Fig.  1(a).  We  have  a 
square-wave  generator  of  zero  in- 
ternal impedance,  delivering  an 
input  voltage  that  varies  from  zero 
to  + 100  volts  at  a frequency  of 
100  cycles  per  second  as  shown  in 
Fig.  1(b).  We  shall  also  assume 
that  the  diode  has  about  1000 
ohms  of  resistance  during  conduc- 
tion. 

Negative  Reitorer 

During  the  first  half  cycle,  the 
generator  can  be  considered  as  a 
battery  of  100  volts.  The  100  volts 
will  instantaneously  appear  across 
the  resistor  because  the  voltage 
across  the  capacitor  cannot  change 
instantaneously.  Thus  the  plate  of 
the  diode  is  positive  with  respect 
to  the  cathode  and  the  diode  will 
conduct.  The  1000  ohms  of  the 
conducting  diode  in  parallel  with 
the  one-megohm  resistor  gives  a 
resultant  resistance  of  about  1000 
ohms.  The  0.1-/*f  capacitor  charges 
through  1000  ohms  resistance.  The 
time  constant  of  this  charging  cir- 
cuit is  100  microseconds. 

The  time  during  which  the  capac- 
itor can  charge  is  the  time  during 
which  the  100  volts  is  applied,  or 
the  time  for  a half  cycle  of  the 
square  wave.  Because  the  fre- 
quency of  the  square  wave  is  100 
cycles  per  second,  the  time  for  half 
a cycle  is  5000  microseconds  or  50 
times  the  time  constant  of  the 


R-C  charging  circuit.  Since  at  the 
end  of  a period  equal  to  six  time 
constants  we  can  consider  the 
capacitor  fully  charged  for  all 
practical  purposes,  we  see  that  the 
voltage  Ec  taken  from  A to  B 
across  the  capacitor  follows  the 
curve  indicated  in  Fig.  1(c). 
The  voltage  across  the  resistor  or 
tube  is  the  applied  voltage  less  the 
voltage  across  the  capacitor  at  each 
instant  of  time,  as  indicated  in  the 


FIG.  I — Diode  circuit  lor  negative 
restoration  and  voltage  wave  shapes 
across  various  circuit  elements 


FIG.  2 — Triode  adaptation  of  negative 
restorer  circuit 


first  half  cycle  of  the  Fig.  1 (d). 

Capacitor  Discharge 

Because  the  input  voltage  from  j 
the  generator  is  zero  during  the  , 
next  half  cycle  and  can  be  con-  i 
sidered  as  a short  circuit,  the 
capacitor  discharges  through  the 
one-megohm  resistance,  the  full  100 
volts  appearing  instantaneously  i 
across  the  resistor.  The  plate  of 
the  diode  is  now  negative  with 
respect  to  the  cathode  and  the 
diode  does  not  conduct.  Thus  the 
capacitor  must  discharge  through 
the  one-megohm  resistor,  giving  a 
discharge  time  constant  of  100,000 
microseconds. 

The  capacitor  will  discharge  only 
during  the  half  cycle  during  which 
the  generator  is  zero  for  a time 
of  5000  microseconds,  thus  the  time 
available  for  discharge  is  1/20  of 
a time  constant  of  the  discharge 
circuit.  With  this  amount  of  time 
available,  the  capacitor  will  dis- 
charge a very  small  amount  and  the 
voltage  from  A to  B will  be,  for 
the  second  half  cycle,  as  shown  in 
Fig.  1(c).  The  voltage  across  the 
resistor  will  be  as  shown  in  the 
second  half  cycle  of  Fig.  1(d). 

During  the  first  half  of  the  sec- 
ond cycle,  we  again  have  +100 
volts  applied.  The  capacitor  has  a 
charge  of  almost  100  volts,  just 
a slight  positive  voltage  ap- 
pears across  the  tube  ( E applied 
minus  Ec) . This  small  voltage  will 
cause  the  tube  to  conduct,  charg- 
ing the  capacitor  quickly  back  up 
to  100  volts.  The  voltage  across 
the  tube  will  subsequently  drop  to 
zero.  The  voltage  across  the 
capacitor  and  resistor  for  this  half 
cycle  is  shown  in  Fig.  1(c)  and 
1(d)  (Ec  and  E.  for  the  first  half 
of  the  second  cycle). 

If  we  compare  the  output  volt- 
age with  the  input  voltage,  we  see 
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that  the  wave  shape  and  peak-to- 
peak  voltage  are  unchanged,  but 
that  the  output  wave  is  all  below 
zero  or  has  been  restored  nega- 
tively in  that  the  top  of  the  wave 
is  at  zero. 

This  action  is  known  as  negative 
restoration.  If  we  had  taken  an 

a-e  square-wave  input  varying 
from  -50  volts  to  +50  volts,  we 
would  find  that  our  output  would 
also  be  negatively  restored,  vary- 
ing from  zero  to  —100  volts.  The 
difference  in  operation  is  that  the 
capacitor  charges  to  60  volts  in- 
stead of  100  volts. 

The  circuit  behavior  depends 
upon  two  facts:  first,  that  the 
capacitor  charged  rapidly  during 
the  conduction  period  of  the  tube ; 
second,  that  it  discharged  slowly 
during  its  discharging  period. 
Thus  the  conducting  or  charging 
time  constant  must  be  very  short 
in  comparison  with  the  time  for 
half  a cycle,  and  the  non-conduct- 
ing or  discharging  time  constant 
must  be  very  long  with  respect  to 
the  time  for  half  a cycle.  Under 
these  conditions  restoration  is  com- 
pleted after  one  cycle. 

Trludo  Circuit 


Using  the  same  circuit,  let  us 
substitute  a triode  for  the  diode 
so  that  the  triode  grid  replaces 
the  plate  of  the  diode  and  the 
Node  cathode  replaces  the  cathode 
° the  diode,  as  shown  in  Fig.  2. 
ecause  the  grid  and  cathode  of 

* triode  act  like  a diode,  the  re- 
8U  mg  wave  shape  between  grid 
® cathode  will  be  the  same  as 

med  before,  if  we  assume  that 
l * ?n<*-t°-cathode  resistance  dur- 

* m<i  current  flow  is  about  1000 


B . as  was  true  of  the  diode 
to  inn86  ^*'8  Wave  variea  from  zer 
h»w  ne*ative  and  has  equs 
an  CyC  ea’  We  can  consider  it  a 
■c  wave  of  50  volts  above  an 
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below  zero,  being  applied  on  a bias 
of  —50  volts.  In  other  words, 
we  have  developed  a grid  bias  of 
—50  volts  by  means  of  the  d-c 
restorer. 

Positive  Restorer 

Let  us  examine  the  circuit  of 
Fig.  3,  which  differs  from  the  cir- 
cuit in  Fig.  1 in  that  the  diode  has 
been  reversed  and  we  are  now  using 
a balanced  square-wave.  During  the 
first  half  cycle  the  +60  volts  will 
appear  across  the  tube,  making  the 
cathode  positive  with  respect  to  the 
plate  and  resulting  in  the  tube  not 
conducting*  The  capacitor  charging 
through  the  one-megohm  resistor 
will  charge  very  little  so  the  wave 
shapes  for  the  first  half  cycle  are 
as  indicated  in  Fig.  8(c)  and  8(d). 

When  the  voltage  reverses  in  the 
second  half  of  the  first  cycle,  ap- 
proximately -60  volts  will  appear 
instantaneously  across  the  tube, 
making  the  cathode  negative  with 
respect  to  the  plate  and  causing  the 
tube  to  conduct,  quickly  charging 
the  capacitor.  The  voltage  across 
the  resistor  and  capacitor  is  as 
shown  for  the  second  half  of  the 
first  cycle  in  Fig.  8. 

At  the  first  half  of  the  second 
cycle,  the  generator  is  delivering 
+60  volts  and  the  capacitor  is 
charged  to  60  volts  in  a polarity  as 
indicated  in  Fig.  8.  Because  the 
generator  and  capacitor  voltage  are 
additive,  the  voltage  across  the  re- 
sistor will  instantaneously  be  +100 
volts.  The  capacitor  will  not  dis- 
charge very  much  through  the 
long  time-constant  circuit.  Thus  the 
voltage  across  the  capacitor  will 
remain  at  almost  —60  volts  and  the 
voltage  across  the  tube  will  remain 
at  practically  +100  volts  as  shown 
in  Fig.  3(d).  During  the  second 
half  of  the  second  cycle,  the  gen- 
erator and  capacitor  voltage  will  be 
in  opposition  and  the  voltage  across 
the  tube  will  be  the  slight  differ- 


100  CPS, 


FIG.  3 — Posltivu  tusiorut  diodu  circuit 
and  wav*  shapus  Indicate  how  reitera- 
tion bias  Is  developed 


FIG.  4-<a)  Biased  negative  restoration 
circuit,  (b)  input  wave,  and  (c)  output 
wave  alter  equilibrium  Is  reached 


ence  between  the  two.  The  capaci- 
tor will  again  quickly  charge  to 
—50  volts  through  the  tube.  The 
wave  has  been  restored  in  the  posi- 
tive direction  so  that  the  lowest 
part  of  the  wave  is  at  zero  and  the 
rest  above  the  zero  axis.  This  cir- 
cuit is  known  as  a positive  d-c  re- 
storer. 

The  circuit  in  Fig.  4(a)  will  pro- 
duce positive  restoration  above  the 
applied  negative  potential,  as  at 
Fig.  4(c).  In  this  manner  reference 
levels  other  than  zero  can  be  ob- 
tained. 


VIBRATIO11 


here  is  described  in  the  text 


Development  trends  in  elec- 
tronic equipment  are  all 
toward  greater  sensitivity,  lighter 
weight,  and  more  compactness- 
each  of  which  tends  to  make  a piece 
°f  apparatus  increasingly  vulner- 
able to  shock  and  vibration. 

At  the  same  time,  field  conditions 
for  electronic  equipment-war 
uses,  applications  in  industrial 
plants,  or  installation  in  vehicles 
and  carriers,  are  continually  ex- 
posing this  highly-evolved  equip- 
ment  to  greater  adversity  by  vibra- 
tion and  shock. 

°"e  SO,fon  t0  ^is  apparent  im- 
passe, and  perhaps  the  only  one 
which  gives  full  consideration  to 
the  two  opposing  factors,  is  the  use 
of  devices  which,  in  effect,  cut  the 
sensitive  equipment  loose  from  the 
vibrating  platform. 


TABLE  I - VIBRATION  INSULATION 


Insulation 

Ratio 

10.0 

4.0 

3.0 

2.5 

2.0 

1.5 
1.4 
1.0 


Percent 

Insulation 

98.9 

93.3 

87.5 

81.1 

86.7 
20.0 
0.0 


Result 

Excellent 
Very  good 
Good 

Fab 
Useful 
Poor 
None 


Amplification  lesonance 


Principles  and  Terminology 

In  the  early  stages  of  the  vibri 
ion-control  art,  the  typical  way  of' 
combatting  vibration  involved' the 
incorporation  of  structural  mate- 
rials of  various  kinds. 

The  designer  called  upon  cork 
felt,  sponge  rubber  ™ • orK’ 

amples  include  the  early  cart 
microphone  suspension  wl 
"hat  was  necessary  but 
a small  resemblance  to 


mounting  that  would  be  considered 
good  desig*  today. 

A classic  point  of  departure  in 
considering  the  principles  of  vibra- 
tion control  is  the  concept  of  a bird- 
cage hanging  from  a coiled-wire 
spring,  if  such  a ]oad  .g  pu)led 

downward  and  then  released,  it 
will  vibrate  at  its  natural  fre- 
quency. Its  static  deflection  is  the 
distance  the  spring  elongated  when 
the  cage  was  hung.  A forced  fre- 
quency would  be  introduced  if  the 
top  of  the  spring  were  hand-held 
and  shaken  up  and  down  at  a con- 
stant rate.  The  faster  this  rate,  the 
Jess  tendency  there  is  for  the 
cage  to  respond,  but  when  the  nat- 
ural and  forced-frequencies  coin- 
cide, response  reaches  a maximum. 

In  other  words,  if  a frequency 
match  is  created,  a condition  of 
’’“‘lonance  occurs  and  the  result  is 

, cation  of  vibration  and  its 
" "nt  troubles.  Effective  vi- 
olation depends  on  the 


creation  of  a mismatcl 
quency. 

Natural  frequency  beat 
ear  relation  to  static 
shown  in  Fig.  1.  Insulai 
is  another  concept  someti 
and  arrived  at  by  dividii 
frequency  by  natural  f 
The  ratio  is  an  indicatic 
effectiveness  of  a mountir 
as  indicated  in  Table  I. 
gives  the  relationship  bet 
sulation  ratio  and  vibratio 
tion — including  its  negat 
terpart,  amplification.  C 
effectiveness  of  vibratior 
rises  with  the  insulation  r 
an  insulation  ratio  of  V2, ' 
absorption  is  zero,  and  sui 
tern  would  provide  no  coa 
As  pointed  out  by  Coni 


• CoDBon,  J.  A.,  Vtbratlon  la* 
Structural  Rubber,  AIEB  Ted.  Pi 


Notural 

_______ 


FIG.  1 — Resonance  can  be 
from  this  linear  relation  between^  ^ 
deflection  and  natural  frequency 
spring  system.  A mismatch  is 
to  avoid  resonance  and 

of  destructive  vibraSon  ^ 
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of  the  many  types  of  specialized  units  designed  to  provide  isolation  and  con- 
destructive  vibration  and  shock.  Also  included  are  notes  on  principles  involved  in 

the  design  of  mountings 


. [forces  at  a given  point  in 
' [ occur  in  several  direc- 
different  frequencies  and 
' . [rent  amplitudes  and  may 
r.  translatory  and  rotary 
, its.  Vibration  in  each  di- 
..  last  be  considered  with  re- 
the  natural  frequency  of 
• 1 ' fent  suspension  in  that  di- 
V Figure  3 is  a typical  ship- 
- cord  which  shows  the  dif- 
haracter  of  the  fore-and- 
, vertical,  and  the  athwart- 
■."  gionents. 

Seirct  aid  Car* 


tl  large,  the  complicating 
es  relate  to  those  of  ro- 
reciprocating  mechanisms 
fre  in  the  equipment  or  its 
. In  generalizing  on  the 
hich  can  be  done  to  resolve 


tSj-'-iii— i 

^ dWdlng  lorci 
^ *T  Mtaral  frequency.  ; 
P«ceol  alaorptloii,'  jj 
■ '■  01  reeonanc 

I ’*"•  abeoiptlon  begi 
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FIG.  3 — (above)  Component*  of  vibra- 
tion  in  a ihipboaid  InstaUatlon 

FIG.  5 — (right)  Shear  deflections  per- 
mit a low  natural  frequency 


FIG.  4— Family  oi  curve,  relate  acceleration,  frequency,  and  amplitude  * 
accord  with  the  gon.ral  equaUon  lor  maximum  acceleration  of  a P«r..c  e 
moving  In  simple  harmonic  motion 
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these  factors,  it  is  commonly  recom- 
mended that  mounting  units  be 
used  which  have  the  greatest  deflec- 
tion consistent  with  stability;  that 
the  mounting  have  a highest  nat- 
ural frequency  sufficiently  below 
the  lowest  expected  forced-fre- 
quency  to  give  adequate  insulation; 
and  that  the  softest  axis  of  the 
mounting  be  installed  parallel  to 
the  direction  of  the  greatest  in- 
duced disturbance. 

HarniMlc  Motion 

Figure  4 shows  the  relationship 
between  acceleration  in  g units  and 
frequency  m cycles  per  second  for 
series  of  amplitudes.  These 
curves  were  derived  by  W.  A Dick- 

;r;,Sy,Vania  EIectric  Products, 
from  the  general  equation  for  max- 
imum acceleration  of  a particle 
novw  with  simple  h.rm„„,c  m£ 


acceleration  due  to  gravity  in 
inches  per  second.  Vibration  prob- 
lems are  generally  more  complex 
than  simple  harmonic  motion. 

The  foregoing  notes  on  theoreti- 
cal considerations  apply  to  spring 
systems  generally  where  the  elastie 
member  deflects  according  to 
Hooke’s  Law,  which  states  that 
within  the  elastic  limit  of  any  body, 
there  is  a constant  ratio  between 
stress  and  strain  produced. 

Among  fabricated  components, 
rubber  mountings  are  available  in 
a wide  range  of  styles.  They  can 


be  further  classified  by  \ 
the  rubber  is  utilized  in  J 
sion,  tension,  shear,  tor* 
flexure.  A large  number  M 
mgs  are  of  the  shear  type 
the  same  load  ordinarily' 
greater  deflection  in  shear 
does  in  a compression  or 
system,  which  are  the 
principal  modes  of  usage.  ' 
demonstrated  in  Fig.  5. 


» (%*/)** 


■ 0. 102/*x 


where  a,  is  acceleration  in  gravita- 
tional units,  / is  frequency  in  cps 
* 18  amPhtude  in  inches,  and  g is 


r}Ci-  7~ Throa^ngle-typ.  mounting  In- 
cludot  a locking  boar  projecting  through 
all  part*  to  hold  thorn  together  in  case 
of  damage  to  the  rubber 


<B>  cylindneed 'compres^-  S'  C°’  TyP®  (A) 
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Specialized  CoepsMih 

Among  the  designs  of 
States  Rubber  Co.  are  chain 
mountings  illustrated  in  Fifr 
These  units  are  used  to  aba 
bration  in  any  direction 
stresses  the  rubber  in  shear, 
are  so  designed  that  the  load 
ported  on  the  inner  channeli 
sections  being  made  by  a< 
which  provides  a safety  fi 
If  the  rubber  bond  fails  beca 
fire  or  accident  the  support ; 
contained  within  the  outer  e 
and  the  mounted  apparatus  1 
get  away  even  when  sus) 
from  above. 

In  this  style,  two  sizes  are 
able  with  overall  widths  oft 
4i  in.  Each  of  the  two  widf 
available  in  a number  of  di 
lengths.  The  smaller  is  us 
applications  from  a minimui 
of  4 lb,  at  50  cps  (giving  81  p 
vibration  absorption),  to 
maximum  at  25  cps.  Range 
larger  size  is  24  lb  minimui 
33  cps  (81  percent  vibratio 
sorption)  to  420  lb  maximt 
16  cps.  In  the  smaller  size 
lengths  available  are  1,  2, 8 1 
inches,  while  in  the  larger  size 
run  1.5,  3,  5,  7 and  9.  Vibr 
control  at  frequencies  higher 
those  noted  are  better  than  81 
cent.  Loads  are  given  for  esc 
dividual  mounting.  The 
would  be  divided  among  the  1 
ber  of  units  used  to  support  a g 
piece  of  gear. 

Figure  7 shows  another  avail 
type  of  mounting  which  utilizes 
ber  stressed  in  shear.  This  on 
called  a three-angle  type  ant 
classified  functionally  as  a si 
sandwich.  A safety  feature  is  l 
vided  with  this  unit  in  the  forir 
a bar  which  projects  through  a 
eral  slot  to  lock  the  three  an; 
against  disintegration.  It  is  s 
plied  in  two  sizes — 4j  in.  wide 
418  in.  long,  and  4 A in.  wide  by 
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tLoad  ratings  range  from 
imura  at  33  cps  to  900  lb 
at  14  cps. 

leal  mountings  are  avail- 
a variety  of  configurations, 
in  Fig.  6(B)  they  consist 
members  bonded  on  each 
mounting  studs.  Circular 
listed  in  diameters  of  A, 
It,  11,2}  and  3.  Square  styles 
de  in  the  smaller  sizes.  De- 
f upon  their  positional  ar- 
lent,  these  units  can  be 
d either  in  shear  or  in  com- 
».  Their  load  limits  range 
0.5  lb  minimum  at  50  cps  to 
maximum  at  21  cps. 
ire  6 (C)  is  a special  type 
fog  having  a close  character- 
relationship  to  the  cylindrical 
but  adding  the  safety  feature 
ing  cup.  In  this  type 
*5  range  is  3 lb  at  31  cps  ver- 
1 wd  15  cps  horizontally,  to 
it  23  cps  vertically  and  13  cps 
Wally. 

untings indicated  as  Fig.  6(D) 
1 as  flexure-compres- 
fwps.  They  give  about  the 
£ sP™g  rates  horizontally  as 
do  vertically.  The  load  deflec- 
f®rve  on  this  type  is  smooth, 
I051  an)'  discontinuity  at  the 
*bere  the  bumper  comes  into 
makes  them  valuable 
Treated  shock  loads  where  the 
frequently  strikes  against 
bumper.  Having  a 
load  faculty  of  6 lb  at  55 
bro  sizes  illustrated  cover 
1°  20  lb  at  31  cps. 
horizontal  and  vertical 
rates,  another  type  has  been 
utilizing  the  elastic  mem- 
aure.  This  is  shown  in 


Fig.  6(E).  Units  in  this  family  ex- 
hibit large  deflections  under  light 
loads  and  make  it  feasible  to  con- 
trol vibration  of  a relatively  low 
frequency.  At  a minimum  load  of 
1 lb,  81  percent  vibration-control 
by  the  smallest  size  goes  down  to 
31  cps,  while  the  largest  extends  to 
35  lb  at  15  cps. 

Mountings  of  a rectangular  type 
are  supplied  in  the  following  sizes: 
1*  by  5i  in.,  2£  by  6$  in.,  and  21 
by  8.  Load  limits  here  range  from 
30  lb  minimum  in  shear  at  40  cps 
to  1,050  lb  maximum  in  compres- 
sion at  20  cps. 

Other  products  of  the  company 
include  special  circular  indicating- 
instrument  mountings,  compression 
cup  mountings  which  are  primarily 
designed  to  stop  the  transmission 
of  noise  through  structures;  multi- 
action units  which  are  useful  for 
absorbing  vibration  in  one  direc- 
tion only  and  at  the  same  time  act- 
ing as  guides  to  restrict  movements 
in  other  directions;  heavy  duty 
shear  sandwiches  capable  of  car- 
rying loads  up  to  3,000  lb ; compres- 
sion pads;  rubber  bumpers  in  vari- 
ous types  and  designs ; square  pads ; 
and  structural  cellular  rubber  in 
slabs  which  can  be  used  to  support 
an  entire  section  of  a larger  struc- 
ture. 

Specializing  in  shear  type  mount- 
ings, Lord  Manufacturing  Co.  of- 
fers a line  of  tubular  types  which 
utilize  rubber  bonded  to  the  adja- 
cent inner  and  outer  diameters  of 
coaxial  cylinders.  These  range  from 
rated  loads  of  23  lb  to  1450  lb  and 
in  length  from  2 in.  to  5J  in.  They 
are  divided  into  six  sub-types,  with 
rated  deflections  of  0.065,  0.068, 


0.078,  0.092,  0.108,  and  0.123  in. 

Another  standard  line  of  the  same 
company  consists  of  a series  of 
plate-type  mountings  as  illustrated 
in  Fig.  8 with  a choice  of  square, 
diamond-shaped,  round  and  cup- 
shaped metal  holding-members. 
The  lenticular  rubber  disk  is  bonded 
to  the  interior  of  the  circular  hole 
in  the  mounting  member  and  the 
load  is  attached  to  a bolt  through 
the  central  bushing.  Here,  maxi- 
mum allowable  loads  range  from  1 
lb  to  120  lb  with  1-,  li-  and  2-in. 
diameter  rubber  members  and  11- 
to  3-in.  overall  dimensions.  Normal 


FIG.  9 — Mountings  with  no-load  cross- 
mectlon  as  shown  in  lower  diagram  de- 
form lor  increasing  loads.  Metal  and 
rubber  parts  are  held  together  without 
bonding.  Rubber  bar  slips  into  metal 
channel  irom  the  end.  The  manu- 
facturer is  Hamilton  Kent  Mfg.  Co. 


FIG.  10 — Friction  and  pressure  bold 
the  throe  parts  oi  this  General  Tire  and 
Rubber  Co.  unit  together.  Radial,  con- 
ical. and  axial  loads  are  accommodated 


FIG.  11 — In  this  non-bonded  mounting 
by  Harris  Products  Co.  the  outer  sup- 
port is  crimped  together  with  rubber 
lugs  projecting  through  the  metal.  The 
central  mounting  hole  Is  J by 

a tube  and  retaining  i 
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FIG.  12— Here  the  mounting  base  it  a homework  which  exactly  ills  the  piece 
of  gear  with  which  it  Is  used.  This  type  Is  shown  suspended  on  four  flexure- 
compresslon-cups  (Fig.  6-D) 


FIG.  13 Mounting  base  of  another  type  Is  designed  by  Robinson  Aviation. 

Inc.  as  a unit  to  fit  equipment  not  only  physically  but  from  a vibration  point 
of  view  as  well.  Also  Incorporated  are  plug-in  electrical  connections  in  unit 
at  the  rear  called  a doghouse 


rating  of  this  series  ranges  from 
1 to  90  lb  at  ft-in.  deflection.  (Fre- 
quencies can  be  read  from  Fig.  1.) 

The  full  listing  of  the  company 
includes  a number  of  special  prod- 
ucts, such  as  indicating-instrument 
mountings  and  small  specialized 
disk-type  units. 

Among  mountings  which  depend 
for  their  action  upon  the  chemical 
bonding  of  rubber  and  metal,  those 
designed  by  B.  F.  Goodrich  Co. 
show  several  variations  from  prev- 
iously described  types.  A special 
style  of  shear  sandwich  4i  in. 
square  is  supplied  with  four  mount- 
ing studs  on  each  opposite  face.  It 
is  suggested  for  a maximum  load  of 
400  lb,  at  which  it  exhibits  a shear 
deflection  of  0.17  in.  and  where  it 
is  effective  on  a minimum  disturb- 
ing frequency  of  16  cps. 

A channel-type  mounting  de- 
signed by  this  same  company  for 
shear  action  is  similar  to  those 
previously  described,  except  that 
the  supporting  channel  is  not  sur- 
rounded by  the  base  channel.  This 
unit  is  4i  in.  wide  by  li  in.  high 
and  is  rated  at  50  lb  per  inch  of 
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length  with  a ft  in.  deflection  and  a 
minimum  disturbing  frequency  of 
16  cps.  It  is  available  in  these 
lengths:  1,  2,  3,  6,  12,  24,  36  and 
60  in. 

Other  available  units  include 
cylindrical,  pedestal,  offset  shear 
sandwiches  and  compression-washer 
type  mountings. 

Not  all  rubber  mountings  depend 
on  chemical  bonding  for  their  ac- 
tion. One  type  of  mounting  consists 
of  a rubber  x-bar  member,  as  shown 
in  Fig.  9,  which  slips  into  upper 
and  lower  metal  containing  ele- 
ments. The  supplier  of  this  unit 
is  the  Hamilton  Kent  Mfg.  Co., 
Kent,  Ohio.  One  of  the  advantages 
attributed  to  this  type  of  design  is 
revealed  by  the  load  versus  deflec- 
tion curve  shown.  The  dip  in  the 
upper  third  of  the  curve  shows  that 
deflection  increases  quite  rapidly 
for  small  increments  of  load.  This 
action  at  the  overload  point  de- 
stroys any  tendency  for  resonance 
and  bounce. 

Two  types  of  mounts  are  offered 
for  the  handling  of  all  types  of  vi- 
bration: one  serves  against  hori- 


zontal, vertical,  rotary,  or  inclined 
vibration,  while  the  other  is  for 
purely  vertical  action.  Units  of  the 
first  type  are  cataloged  in  sizes 
from  6 by  9 in.  to  91  by  15  in.  in 
horizontal  area  by  2ft  to  211  in. 
high  for  a deadweight  load  ranging 
from  225  to  3,800  lb.  In  the  verti- 
cal type,  sizes  range  from  6 by  7 in. 
to  91  by  13  in.  for  the  same  load 
ranges. 

Another  method  of  securing  rub- 
ber and  metal  is  used  by  General 
Tire  & Rubber  Co.  Their  mount- 
ings gain  adhesion  by  pressure  and 
frictional  resistance  rather  than 
molding  and  cementing.  In  a 
mounting  of  this  type  for  radial, 
conical  or  axial  loads,  a separately 
molded  rubber  biscuit  is  contracted 
into  a metal  sleeve  of  smaller 
diameter  as  shown  in  Fig.  10.  With 
a tapered  mandrel,  the  inner 
diameter  is  expanded  and  the  inner 
sleeve  inserted. 

In  another  type  of  non-bonded 
mounting  offered  by  Harris 
Products  Co.,  the  rubber  members 
are  molded  in  separate  parts.  As 
shown  in  Fig.  11,  outer  rings  are 
clamped  together  to  secure  rubber 
bosses  into  peripheral  holes  which 
lock  the  assembly.  The  inner  boss 
is  reinforced  by  two  retainers  and 
a center  tube  which  maintains  it  in 
positive  position.  The  units  are 
supplied  in  square  cups,  square 
plates  and  diamond-shaped  plates, 
and  their  load  ratings,  with 
1/16-in.  deflection,  range  from  i to 
45  lb.  Square  bases  are  avail- 
able in  1-11/16,  2-3/8,  and  3 in- 
while  the  diamond-shaped  units 
have  lengths  of  1.66,  2.32  and  2.9 
in.  All  are  supplied  alternatively 
in  steel  and  dural. 
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Sabaisvmbly  Type* 

One  of  the  current  trends,  par- 
ticularly in  the  installation  of  elec- 
tronic equipment  in  aircraft,  is  o 
ward  the  use  of  mounting  bases 
which  exactly  fit  the  piece  of  equip- 
ment to  be  installed  and  often  in- 
corporate sliding  plug  connections 
for  electrical  circuits.  Examp  cs 
of  this  are  shown  in  Fig.  12  and  1 • 
Fig.  12  is  a base  made  up  by  com- 
bination of  a set  of  four  standard 
unit  mountings  of  a type  Pre' ’ 
ously  described  with  a metal  su 
frame  which  fits  under  the  equip- 
ment to  be  mounted.  Fig.  13  shows 
a somewhat  different  type  of  uni 
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which  is  engineered  as  an  com- 
plete mounting-base  subassembly. 
The  manufacturer  is  Robinson 
Aviation  Inc.  Derived  from  early 
and  effective  aerial  camera  mounts, 
this  unit  operates  on  a crossed-axis 
principle,  elaborated  in  Fig.  14. 
As  shown  in  the  diagram,  primary 
cushions  P absorb  part  of  the 
initial  vibration  impulses  about  the 
axis  X.  Residual  vibration  is  con- 
ducted along  structural  members 
to  secondary  cushions  S mounted 
on  axis  Y.  These  absorb  a large 
portion  of  the  residual  vibration, 
passing  along  through  the  support- 
ing unit  something  ordinarily  less 
than  5 percent  of  the  amplitude  of 
the  original  driving  impulse.  A 
typical  vibration  absorption  curve 
as  shown  in  Fig.  15  reveals  that 
action  is  quite  effective  between  10 
and  60  cps,  which  is  the  range  used 
in  many  tests. 

In  the  construction  of  these  units 
eight  special  cushion  blocks  of  low 
density  rubber  are  assembled  into 
the  base,  at  points  of  minimum  mo- 
tion, where  they  act  with  optimum 
effectiveness.  Each  block  has  a top 
and  bottom  convex  curvature,  as 
revealed  in  Fig.  18(A),  which  dis- 
appears under  load  but  assures 
even  distribution  of  stress  through- 
out the  block.  Figure  16(B)  and 
16(C)  demonstrate  compression 
and  shear  action  of  these  blocks. 

Combination  Units 

Special  characteristics  are  de- 


FIG.  IS — VlbraUon  absorption  curro 
shows  action  of  tho  mounting  baso  Il- 
lustrat'd In  Fig.  13.  The  absorption 
rang#  between  10  and  60  cps  Is  widely 
used  in  tests.  The  solid  line  represents 
the  vertical  component;  dotted.  longi- 
tudinal; and  dashed,  lateral 


FIG.  16 — Eight  specially  compounded 
rubber  blocks  oi  the  conformation 
shown  at  (A)  are  represented  by  P 
and  S in  Fig.  14.  The  convex  top  and 
bottom  flatten  under  load  as  shown  in 
(B)  and  the  blocks  have  uniformly  dis- 
tributed stresses 


signed  into  many  of  the  heavier- 
duty  units  by  combinations  of  steel 
springs,  cork  and  rubber  pads  and 
even  wood  chocks.  A multi-pur- 
pose type  produced  by  the  Korfund 
Co.,  Inc.,  suitable  for  the  control 
of  vibration  in  all  directions,  is 
illustrated  in  Fig.  17.  It  consists 
of  a welded  structural  steel  hous- 
ing incorporating  cold-rolled  oil- 
tempered  crucible-steel  springs. 
The  upper  and  lower  members  of 
the  housing  are  held  in  a relative 
position  against  lateral  movement 
by  four  resilient  chocks. 

Equipment  to  be  isolated  is 
fastened  to  the  top  plate  by  means 
of  a bolt  passing  through  the 
machine  base  and  bearing  on  a plate 
which  transfers  the  load  to  the 
springs  visible  inside  the  unit. 
Top  and  bottom  plates  of  the  hous- 
ing are  held  in  vertical  relation  to 
each  other  by  bolts  isolated  with 
resilient  washers. 

Six  sizes  are  offered  to  apply 
against  a range  of  rated  loads  from 
200  to  12,000  lb.  Units  weigh  7, 18, 
32,  36,  49  and  60  lb.  respectively, 
and  have  overall  dimensions  of  24 
by  64;  5 by  64;  5 by  94;  7 by  94; 
7 by  Hi  and  7 by  lli  in.  on  bases. 

One  of  the  latest  types  of  vibra- 
tion controls  to  be  reported  is  one 
which  is  described  as  dissipating 
vibratory  and  shock  forces  in  the 
form  of  heat.  These  absorbers 
consist  of  series  of  very  thin 
sheets  of  metal,  generally  copper, 
placed  one  on  top  of  the  other  and 
inclosed  in  an  air-tight  welded 
jacket.  Mountings  are  used  in 
compression,  have  no  natural  fre- 
quency, do  not  acquire  a set  in 
operation,  and  are  unaffected  by 
such  conditions  as  moisture,  oil, 
dust,  and  steam.  Among  sizes 
available  are  units  as  small  as  4 in. 


in  diameter,  standard  types  4 by  4 
by  i in.,  and  others  as  large  as  6 
by  12  ft.  by  4 in. 

Construction  of  these  molecular 
vibration  absorbers  is  based  on  a 
principle  of  discontinuities.  Maxi- 
mum reflectivity  is  produced  by 
placing  in  contact  two  media  whose 
difference  in  resistance  to  sound 
conduction  is  a maximum. 

The  manufacture  of  the  unit  in- 
volves locking  to  the  surface  of  the 
metals  a liquid  film,  and  to  this,  a 
film  of  air.  The  liquid  and  air 
films  are  harder  than  steel  and 
when  used  in  connection  with  thin 
metal  plates  form  an  assembly  pos- 
sessing maximum  discontinuities. 
The  manufacturer,  Chamberlain 
Laboratories,  points  out  that,  since 
such  a large  amount  of  work  is 
done  on  a very  small  amount  of  air, 
its  temperature  rises  above  incan- 
descence. Heat  is  instantaneously 
dissipated  by  radiation — F.  H. 


FIG.  17 — Heavy-duty  isolator!  are 
available  in  spring  type*  ,tom 

The  Korfund  Co-  Inc.  Bolt  on  top  trans- 
lers  the  load  of  the  mounted  gear  to 
the  spring-borne  plate  immediately 
beneath 
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NEGATIVE 


By  way  of  illustrating  types 
of  applications  to  which 
stabilized  negative  impedances  can 
be  put,  several  specific  uses  will  be 
described.  The  aim  is  more  to 
show  how  one  goes  about  utilizing 
negative  impedances  than  to  list 
their  uses.  Only  engineering 
adaptability  can  find  all  the  uses 
and  the  simplest  methods ; this 
merely  sugests  where  to  start. 

Improvement  ef  Diode  Detector 

A practical  diode-detector  circuit 
is  shown  in  Fig.  21.  The  diode  is 
used  as  a rectifier,  being  substan- 


tially a short  circuit  on  one-half 
cycle,  and  an  open  circuit  on  the 
other  half.  The  load  circuit  con- 
sists of  a network  which  has  sev- 
eral functions.  The  load  resistance 
is  shunted  by  capacitor  C,  which  is 
large  enough  to  act  as  an  effective 
short  circuit  for  the  radio-fre- 
quency voltages  and  yet  in  an  ideal 
case  must  not  shunt  the  load  re- 
sistance for  the  highest  modulation 
frequency  that  the  detector  is  to 
handle.  R,  and  C , form  a filter 
which  isolates  the  radio-frequency 
voltage  that  may  exist  across  C, 
and  allows  only  the  modulation- 


frequency  voltage  to  appear  across 
the  output  R>  of  the  circuit. 
Capacitor  C,  in  conjunction  with 
the  resistance  R.  separates  the 
modulation-frequency  voltage  from 
the  direct-current  voltage  which  is 
present  across  the  load  circuit,  a 
filter  arrangement  which  is  often 
necessary  to  keep  d-c  voltage  from 
the  following  amplifier  grid  and  to 
utilize  the  d-c  voltage  for  auto- 
matic volume  control  in  a radio 
receiver.  R.  and  C,  form  a filter 
which  isolates  the  modulation-fre- 
quency voltage  that  exists  across 
R,  and  allows  only  direct  voltage  to 
appear  at  the  a-v-c  terminal. 


PART  I 

■otic  Ideal  circuit  and  fundamental  equations  for 
producing  the  negative  ef  a positive  Impedance. 
Eq.  II  >-(291.  Fig.  M,  Ref.  1-10 

PART  II 

Effect  on  negative  impedance  of  variations 
with  frequency  of  amplifier  parameters. 
Eq.  (30)-(56),  Pig.  10-20,  Ref.  11-13 

PART  III 

Illustrative  applications  of  negative  Impedances 
show  how  Improved  circuits  can  be  obtained. 
Eq.  (57M67),  Fig.  21-27,  Ref.  14-16 
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Diode  Characteristics 

Operation  of  the  diode  detector 
has  been  described  in  literature 
and  does  not  need  to  be  repeated 
here.'*  It  has  been  shown  that  if 
the  radio-frequency  voltage  is  large 
enough,  in  the  neighborhood  of  m 
volts,  then  the  distortion  due  to  de- 
tection is  negligible,  provided  that 
the  diode-detector  circuit  has  a 
pure  resistance  in  its  load  for  t e 
modulation  frequencies  and  an 
effective  short  circuit  to  the  ra  io 
frequencies.  A diode  detec  or 
under  these  ideal  conditions  may 
be  considered  as  distortionless. 

An  actual  detector  circuit  shown 
in  Fig.  21  is  far  from  being  idea 
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IMPEDANCES — Part  III 


FIG.  22 — Addition  oi  negative  resistance  to  diode  FIG.  23 — Negative  resistance  added  to  a diode  detector 
detector  improves  the  a-c  to  d-c  impedance  ratio  decreases  distortion  near  100  percent  modulation 


and  will  produce  serious  distortion. 
The  maimer  in  which  the  actual 
circuit  shown  here  deviates  from 
the  ideal  detector  can  be  seen  from 
a study  of  Fig.  21.  The  load  cir- 
cuit of  the  detector,  due  to  various 
capacitors  in  the  circuit,  presents 
slower  impedance  to  the  modula- 
tion frequency  than  it  does  to  the 
direct  current 

Let  Z.  be  the  impedance  offered 
hy  the  diode  load  circuit  to  the 
modulation  frequencies,  and  R„  the 
resistance  offered  by  the  same  cir- 
cuit to  the  direct  current  While 
' is  not  readily  obvious,  Terman 
das  shown  that  the  maximum  per- 
®“tage  of  modulation  m that  the 
1 e detector  with  a given  load 

«m  rectify  without  distortion  is 
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diode  detector  deviates  from  the 
ideal  distortionless  detector  in  two 
ways:  (1)  Modulation-frequency 

impedance  does  not  equal  the  d-c 
resistance  of  the  diode  load.  This 
produces  clipping  of  the  negative 
peaks  if  the  actual  degree  of  modu- 
lation exceeds  Zm/R,.  (2)  Modu- 
lation-frequency impedance  has  a 
phase  angle  due  to  the  fact  that  the 
shunting  capacitor  C acts  as  a 
partial  short  circuit  at  the  higher 
modulation  frequencies.  This 
causes  diagonal  clipping  of  the 
negative  peaks. 

ImprovoMit  by  Uileg  Nefstlve 
Reihtaac* 

The  two  effects  which  cause 
deviation  of  an  actual  diode-de- 
tector circuit  from  the  ideal  de- 
tector can  be  eliminated  by  the  ap- 
plication of  stabilized  negative  im- 
pedances. 

The  first  of  the  two  effects  can 
be  eliminated  entirely  by  means  of 
a negative  resistance  of  the  shunt 
type  placed  across  the  diode  load 
at  the  output  terminals*  The 
negative  resistance 'may  be  so  ad- 
justed that  its  value  is  just  equal 
to  the  shunting  resistance  which 
causes  the  difference  between  Z„ 
and  R0.  This  will  make  the  ratio 
given  by  Eq.  (57)  just  equal  to 
unity  which,  in  turn,  means  that 
100  percent  modulated  signals  can 
be  rectified  without  distortion. 

The  second  of  these  deviations 
from  the  ideal  may  be  eliminated 
by  using  a negative  capacitance 
supplied  by  an  amplifier  which  has 


a uniform  response  up  to  the  high- 
est modulation  frequency  that  it  is 
intended  to  use,  and  yet  which  cuts 
off  considerably  below  the  carrier 
frequency.  By  means  of  this  ar- 
rangement it  is  possible  to  make 
the  net  capacitance  across  the  load, 
as  far  as  modulation  frequencies 
are  concerned,  just  zero  and  there 
will  be  no  diagonal  clipping  even 
for  100  percent  modulated  signals. 
And  yet,  because  the  amplifier  cuts 
off  at  some  intermediate  frequency, 
the  negative  capacitance  will  be 
absent  above  cut-off  and  the  net 
capacitance  offered  to  radio  fre- 
quencies across  the  load  will  be 
equal  to  something  greater  than  C,. 

Mtaurmuh  of  Improved  Detector 


It  is  seen  that  by  means  of  two 
kinds  of  negative  impedances  an 
ordinary  diode  detector  can  be 
made  to  approach  the  ideal  one 
very  closely.  The  principle  is  illus- 
trated experimentally  by  means  of 
a diode  detector  which  was  pur- 
posely made  to  have  a very  poor 
a-c  to  d-c  ratio.  Figure  22  shows 
the  a-c  to  d-c  ratio  of  the  diode 
load  (measured  by  an  ohmmeter 
to  determine  R„  and  by  the  volt- 
age-current method  to  measure  Z„) 
as  a function  of  the  negative  re- 
sistance placed  across  the  diode 
load.  It  is  seen  from  this  graph 
that  the  proper  amount  of  negative 
resistance  across  the  diode  load 
causes  the  a-c  to  d-c  ratio  to  be- 
come unity. 

Figure  23  shows  the  distortion 
produced  by  a diode  detector  as  a 
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function  of  degree  of  modulation 
for  a detector  which  again  had  a 
purposely  poor  Z„/Ra  ratio  in  one 
case,  and  a typical  one  in  another. 

In  both  cases  the  distortion  of  100 
percent  modulated  signals  is  very 
high.  By  means  of  a proper 
amount  of  negative  resistance 
placed  across  the  diode  load,  the 
Z„/R.  ratio  was  made  unity  in  each 
case  and  the  distortion  measure- 
ments repeated.  The  results  are 
indicated  by  the  solid  curve. 

It  should  be  mentioned  that  the 
distortion  was  measured  by  a wave- 
analyzer  at  the  output  of  the  am- 
plifier that  supplied  the  negative 
resistance.  The  measured  distor- 
tion in  each  of  the  three  curves  is 
the  sum  of  all  distortions  due  to 
the  modulation-frequency  oscillator, 
the  modulator,  the  radio-frequency 
amplifier,  the  diode,  and  the  audio- 
frequency amplifier  used  to  supply 
the  negative  resistance. 

The  amplifier  that  supplies  the 
negative  resistance  does  not  need 
to  be  a separate  amplifier.  The 
conventional  radio  receiver  usually 
has  two  stages  of  audio  frequency 
amplification  after  the  diode  de- 
tector. An  addition  of  one  resistor 
of  proper  value  may  be  sufficient 
to  make  the  Zm/R „ ratio  equal  to 
unity  and  eliminate  a large  part 
of  the  distortion  that  results  when 
high  percentages  of  modulation  are 
present. 

Typical  circuit  of  a diode  de- 


tector and  two-stage  amplifier  that 
might  be  found  in  a commercial 
radio  receiver  is  shown  in  Fig.  24. 
The  amplifier  may  be  stabilized  by 
negative  feedback  for  better  per- 
formance, but  that  is  not  essential, 
although  highly  recommended.  A 
proper  value  of  R,  will  develop  a 
negative  resistance  of  the  shunt  # 
type  and  in  combination  with  R. 
will  form  an  open  circuit  so  that 
the  ZJR.  ratio  will  be  unity. 

Capacitance  Mattipllcatioi 

It  was  shown  that  if  an  imped- 
ance Z,  was  connected  between  the 
input  and  the  output  terminals  of 
an  amplifier,  the  input  impedance 
of  the  amplifier  was  given  by  Eq. 
(13).  If  Z,  is  a pure  capacitance, 
the  input  impedance  of  the  ampli- 
fier will  be  a capacitive  reactance 
whose  magnitude  is  given  by 


(58) 

If  the  amplifier  is  so  arranged 
chat  the  output  of  the  amplifier  will 
t>e  of  opposite  relative  phase  to  its 
input,  then  the  gain  of  the  ampli- 
fier will  be  a negative  number,  and 
so  this  equation  becomes 

(59) 


+ O') 

vhere  G'  indicates  that  it  is  a nega- 
cive  of  the  previously  used  symbol 
3.  The  input  impedance  is  thus  a 
capacitive  reactance,  with  the 
arm  ivjilpnt,  value  of 


C„  = C,(  1 + O')  (6°) 

which  means  that  the  capacitance 
C,  is  multiplied  by  the  factor 
(1  + GO-  It  must  be  remembered, 
however,  that  in  series  with  this 
capacitance  there  is  a resistive 
component  due  to  the  inevitable 
output  resistance  of  the  amplifier. 

Usa  ol  Negative  laipadanee  T«efc»lq»« 

A pure  capacitance  multiplica- 
tion can  be  obtained  by  a scheme 
similar  to  the  method  used  in 
obtaining  a pure  negative  react- 
ance, If  a capacitance  is  found  to 
possess  a certain  series  resistance, 
this  can  be  eliminated  by  placing  a 
negative  resistance  of  the  series 
type  in  series  with  the  amplifier  in 
the  manner  previously  described. 
By  making  the  negative  and  posi- 
tive resistances  just  equal,  a pure 
capacitance  can  be  obtained. 
Another  possible  way  of  obtaining 
a pure  negative  capacitance  is  by 
utilizing  a zero-output  impedance 

amplifier.1*  . 

In  some  cases  it  is  desirable  to 
have  a two-terminal  impedance 
which  will  be  small  for  all  audio- 
frequencies and  yet  act  as  an  open 
circuit  for  direct  currents.  Such 
an  impedance  may  be  obtained  in 
the  manner  described  above, 
the  frequency  region  where  the  am- 
plifier supplying  the  multiple 
capacitance  has  a uniform  re- 
quency  response,  the  resistive  com- 
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FIG.  2S— Using  principles  on  which  nsgatirs  impsdancs  has  bssn  discussed,  a single  lube  can  be  used  to  multiply  capacitance  as  at 
(a)  lor  a-c  circuits,  or  as  at  (b)  lor  combined  a-c  and  d-c  circuits  for  such  applications  as  filters  (e) 


magnitude  is  given  by  Eq.  (11) 
with  G replaced  by  G'. 

R - «,/( 1 + O’)  (61) 

If  C , is  so  large  that  the  re- 
sultant circuit  is  merely  a resist- 
ance to  all  frequencies  for  which 
the  amplification  G'  is  constant,  the 
amplifier  will  act  as  a low  a-c  re- 
sistance, but  will  not  pass  direct 
current.  Such  an  element  is  use- 
ful in  power  supply  filters  where 
it  may  be  desired  to  use  it  as  a volt- 
age regulator  or  where  it  is  desired 
to  produce  better  filtering  than  can 
be  done  without  resorting  to  very 
large  capacitors.  This  use  is  illus- 
trated in  Fig.  26. 

Si«fl»-T»bt  Capacitance  Mnitlpllor 

In  Fig.  25(a)  is  shown  a single- 
stage  amplifier  which  has  the 
proper  phase  relations  to  act  as  a 
capacitance  multiplier.  The  ampli- 
«'  ^'on  ’a  best  obtained  by  means 
0 8 pentode  which  has  a high 
mutual  conductance.  The  voltage 
sain  of  this  amplifier  is  G'  = GmR» 
80  that  the  input  impedance  of  the 
amplifier  is 

Z » - 1 , Ri 

i«Ci(t  + o') + 1 + o' 

Where  + !”+*-«.  (82) 

. 18  the  mutual  eonduct- 

, of  6 0 the  tube-  If  the  reactance 
inn  .P^cltor  C< is  large  enough,  the 
will  „•  lmpedance  of  the  amplifier 
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the  magnitude  of  C,  is  true.  This 
means  that  a tube  of  this  sort  is 
equivalent  to  a capacitance  of 
26.5/rf  at  60  cycles,  or  to  a capaci- 
tance of  nearly  1600  /tf  at  a fre- 
quency of  1 cps.  The  capacitance 
of  C,  merely  needs  to  be  large  in 
comparison  to  Ri  at  these  fre- 
quencies, which  is  simple  because 
Rt  can  be  made  as  large  as  one  de- 
sires. 

A slightly  different  arrangement 
shown  in  Fig.  26(b)  differs  from 
the  amplifier  just  discussed  in  two 
respects.  If  in  the  amplifier  shown 
in  Fig.  26(a)  a very  large  resist- 
ance R,  is  placed  across  the  input 
terminals,  it  will  not  affect  the 
validity  of  the  equations  derived 
above.  Also,  if  C.  is  very  large, 
then  it  does  not  make  any  difference 
on  what  side  of  C,  the  input  imped- 
ance is  measured,  and  therefore, 
the  equations  derived  for  Fig. 
26(a)  are  true  for  Fig.  26(b). 
Figure  26(b)  has  the  advantage 
that  a direct-current  voltage  may 
be  impressed  upon  the  device  with- 
out disrupting  the  normal  opera- 
tion of  the  tube.  Thus,  this 
arrangement  can  be  utilized  in  a 
power-supply  filter  in  the  same 
manner  as  an  ordinary  capacitor. 

Further  modification  of  the  cir- 
cuit is  shown  in  Fig.  26(c)  where 
the  device  is  shown  in  a conven- 
tional power-supply  filter  circuit. 
The  power  supply  itself  supplies 
- the  necessary  current  for  the  tube 
and  the  parallel  combination  of 
load  and  power  supply  resistances 
constitute  the  equivalent  of  resist- 
ance R,  of  the  former  two  circuits. 
In  Fig.  25(b)  and  26(c)  the 
capacitor  C,  needs  to  be  large 
enough  only  in  comparison  with 
R,  which  makes  it  particularly 


simple  to  obtain  a device  which  will 
filter  at  the  very  low  frequencies. 

Negative  Resistance  locroasos  Tonod- 
Circvlt  Q 

Consider  a parallel  combination 
of  an  inductor  L and  a capacitor  C. 
If  L is  a pure  inductance,  and  C is 
a pure  capacitance,  then  the  im- 
pedance at  resonance  becomes  in- 
finite. If  the  circuit  L contains 
resistance  R,  then  the  impedance  at 
resonance  will  be  determined  by 
the  figure  of  merit  of  the  circuit, 
commonly  known  as  Q,  which  is 
defined  as  u>L/R„  and  the  imped- 
ance at  resonance  will  be  B.  = 
u>LQ. 

Often  it  is  desirable  to  have  a 
higher  shunt  impedance  than  can 
be  obtained  by  the  best  coil  that  is 
available.  This  difficulty  can  be 
overcome  by  introducing  either  a 
series  negative  resistance  in  series 
with  the  coil,  or  a shunt  negative 
resistance  in  parallel  with  the  coil. 
By  properly  adjusting  the  magni- 
tude of  the  negative  resistance,  any 
value  of  Q can  be  obtained  from  the 
original  one  up  to  infinity.  If,  for 
example,  we  let  R<?  be  the  shunt  im- 
pedance of  the  tuned  circuit  at 
resonance,  and  assume  that  a shunt 
type  negative  resistance  of  magni- 
tude R,  is  placed  across  the  tuned 
circuit,  then 

"-STV X <*» 
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and  the  effective  Q of  the  combina- 
tion will  be 

(66) 

The  stability  of  this  increased  Q 
must  depend  upon  the  actual  in- 
crease in  Q.  This  may  be  found  as 
follows : 
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FIG.  26 — Contlnuously-TariabU  r.gulat.d-outpu.  pow.r  .upplie.  eon  be  built  uein,  negative  re.letanc.  to  give  «,o  internal  imp^anr. 

method  of  controlling  the  voltage 
of  the  power  supply  continuously 
from  zero  to  maximum  with  volt- 
age  regulation  over  the  entire 
range.  This  requirement  elimi- 
nates most  of  well  known  regula- 
tors and  makes  others  impractical. 

If  a negative  resistance  is  placed 
in  series  with  a power  supply  and 
its  magnitude  adjusted  so  that  it 
just  cancels  the  internal  resistance 
of  the  power  supply,  then  the  power 
supply  in  conjunction  with  the 
negative  resistance  will  have  a zero 
internal  impedance  and  a varying 
load  will  not  affect  output  voltage. 

Figure  26  shows  a schematic  dia- 
gram of  a power  supply  and  a 
series  negative  resistance.  Such 
an  arrangement  will  make  the  ou 
put  voltage  of  the  power  supply 
independent  of  current  taken  from 
the  power  supply  over  a wide  range 
of  voltages,  because  the  interna 
impedance  of  power  supply  ap 
proximates  quite  well  a constant. 
Figure  27  shows  the  improvement 
of  voltage  regulation  of  the  power 
supply  shown  in  Fig.  26. 
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From  Eq.  (67)  it  is  plain  that  as 
B„  approaches  B0  the  stability  be- 
comes very  poor  and  at  the  point 
where  Q.„  becomes  infinite,  the  sta- 
bility becomes  infinite  (See  Eq. 
(18)  and  (27)  and  oscillations 
must  take  place.  But  due  to  the 
fact  that  the  negative  resistance 
may  be  stabilized  very  well  by 
means  of  negative  feedback,  a con- 
siderable increase  in  Q is  possible 
with  reasonable  stability.  For  in- 
stance, some  stability  figures  were 
previously  given  for  a typical  am- 
plifier. It  was  found  that  a 20  per- 
cent change  in  supply  voltage  pro- 
duced a change  in  A of  8 percent. 
With  /3  = -0.1,  and  A = 10,000, 
the  stability  coefficient  was  found 
to  be  nearly  10\  or  aR./R,  from  Eq. 
(17)  is  (1/1000)  (8/100)  = 8 x 10- 
If  it  is  further  assumed  that  L is 
wound  with  copper  wire  and  that  a 
10°C  variation  in  temperature  may 
take  place,  the  original  Q of  the  coil 
may  vary  by  4 percent.  If  Q,„  is 
regenerated  to  the  point  where  the 
20  percent  variation  in  supply  volt- 
age will  produce  a 4 percent  change 
in  the  Q,  then  Bo/  (B0  + B„)  = 600. 

This  means  that  by  this  method 
it  is  possible  to  increase  the  selec- 
tive properties  of  a tuned  circuit 
by  a factor  of  600  and  still  have  a 
resultant  stability  which  is  not 
worse  than  the  stability  of  the  orig- 
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inal  coil  due  to  temperature  varia- 
tions. Actually,  such  an  increase  in 
Q,„  cannot  be  used  without  pro- 
viding temperature  compensation. 

Tuned  circuits  regenerated  in 
this  way  have  many  applications. 
They  can  be  used  in  filters,  wave 
analyzers,  or  in  any  other  applica- 
tion where  it  is  desirable  to  have  a 
higher  degree  of  selectivity  than  is 
made  possible  by  ordinary  coils. 

Improvement  ef  Power-Supply  Regula- 
tion 

In  certain  applications  it  is 
sometimes  necessary  to  have  a 
power  supply  which  has  negligible 
voltage  variation  with  changing 
current,  or  in  other  words,  a power 
supply  with  zero  internal  resist- 
ance. This  can  be  accomplished  by 
various  types  of  well  known  volt- 
age regulators.  For  use  with 
Klystrons  for  instance,  another 
feature  is  sometimes  essential : a 


— 

1 1 ! 

Ohrr 

5 — 

— 

J T~ 

L 

□ 

1 

ob— 

1 1 

1 

MA ' 


FIG.  27 — Improved  regulation  obtained 
with  negative  resistance  in  Klystron 
power  supply 
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THE  CINCH  CHASSIS  CLINCH  line  of  sockets,  octal*, 
loktals  and  miniatures,  are  the  last  word  In  economy, 
ease  of  assembly  and  simplicity  of  design.  These  sockets 
are  rigidly  fastened  by  lugs  sheared  from  the  chassis 
using  special  tools.  Note  the  illustration.  Octal*  and 
loktals  are  interchangeable  in  the  same  chassis  hole. 
Complete  engineering  information  and  samples  are 
available  on  request.  The  chassis  combination  sockets 
are  another  illustration  of  Cinch  completeness  in 
radio  tube  sockets.  For  wartime  or  peacetime  if  it’s 
tube  sockets  it’s  a Cinch. 
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Determining  Q 

OF  CAPACITORS 
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Chart  minimizes  calculations  needed  in  converting  Q meter  readings  into  the  Q factor 
values  of  unknown  capacitors.  Use  of  fixed  capacitor  in  series  with  unknown  permits 
extending  the  procedure  to  any  size  capacitor 


WITH  the  aid  of  the  accom- 
panying chart  and  a simple 
calculating  procedure,  the  Q of  any 
capacitor  may  be  easily  determined 
from  measurements  made  with  an 
ordinary  laboratory-type  Q meter. 

The  measuring  procedure  in- 
volves setting  the  Q meter  to  the 
frequency  at  which  the  capacitor  Q 
is  desired,  adjusting  the  meter  tun- 
ing capacitance  C,  to  resonance 
when  nothing  is  connected  to  the 
external-capacitance  terminals  of 
the  meter,  and  reading  the  value  of 
Q,  applying  to  the  coil  used  in  the 
measurements.  The  unknown 
capacitor  is  now  connected  to  the 
Q meter,  a new  at-resonance  setting 
C,  is  obtained,  and  the  new  Q value 
is  read  on  the  meter.  The  differ- 
ence between  the  two  settings  of 
the  tuning  capacitance  is  then  the 
capacitance  value  of  the  unknown 
capacitor  (C,  = C,  — C,) . The  first 
Q reading  and  the  difference  be- 
tween the  two  Q readings  are  then 
applied  to  the  chart  to  secure  the  Q 
of  the  unknown  capacitor. 

The  chart  is  based  on  the  equa- 
tion 


Cx  Q\  Q, 


(1) 


v Ci  Qi  - Q» 
where  Cx  = capacitance  of  unknown  unit 
Qx  = Q factor  of  unknown  unit 
Ci  = initial  capacitance  of  Q meter 
circuit 

Qi  «=  Q of  coil  used  in  measurements 
Qi  = Q of  unknown  capacitor  and  Q 
meter  circuit  combined 
Three  practical  assumptions  have 


By  E.  L.  PEPPERBERG 

Engineering  Department 
Zenith  Radio  Corporation 
Chicago,  Illinois 


been  made  in  the  derivation  of  this 
equation:  (1)  the  unknown  capaci- 
tor has  a G value  greater  than  10 ; 
(2)  the  tuning  capacitor  in  the  Q 
meter  circuit  is  considered  as  hav- 
ing an  infinite  Q;  (3)  no  inductance 
is  present  in  the  capacitors  used. 
With  these  assumptions,  the  equa- 
tion is  more  nearly  correct  at  the 
lower  radio  frequencies. 

If  Q,  in  Eq.  (1)  is  replaced  by 
Q,  — A Q,  the  equation  becomes 


Qx- 


Qi 


Qi~  AQ 
AQ 


(2) 


The  chart  is  based  on  a value  of 
0.5  for  the  ratio  Cx/C,.  For  other 
ratios,  the  Q value  obtained  from 
the  chart  should  be  multiplied  by  2 
(to  eliminate  0.6),  then  multiplied 
by  the  actual  ratio  Cx/C,. 


Example  1 

Values  of  C,  = 100  /quf  and  Q,  = 
250  are  obtained  for  the  Q meter 
alone,  and  values  of  C,  — 50  /u/if 
and  Q.  = 240  are  obtained  with  an 
unknown  capacitor  Cx  connected  to 
the  Q meter.  From  this  measured 
data,  Cx  = 100  - 50  = 50  MMf, 
Cx/C,  = 0.5,  and  AQ  = 250  - 240 
= 10.  Tracing  horizontally  on  the 


chart  from  A Q = 10  to  the  Qi  = 
250  curve,  then  down  to  the  hori- 
zontal reference  axis  gives  3,000 
for  Qx.  The  unknown  capacitor  is  I 
thus  50  ju.ju.f  and  has  a Q of  3,000. 

Exampla  2 

Measurements  with  the  unknown 
capacitor  of  Example  1 at  some 
other  frequency,  near  the  first  fre- 
quency, give  C , = 200  nfd,  Qi  = 
250,  C,  = 150  /i/if,  and  Q,  = 245. 
Now  Cx  = 200  - 150  = 50  ppf  as 
before,  Cx/C,  = 0.25,  and  AQ  = 
250  - 245  = 5.  For  AQ  = 5 and  Q, 
= 250  the  chart  gives  a Q value  of 
6,000  for  Cx/C,  = 0.5,  and  applying 
the  correction  factor  (because  we 
have  a different  ratio  now)  gives 
Qx  = 2 x 0.25  X 6,000  = 3,000. 
The  new  frequency  thus  gives  the 
same  value  of  Q as  before. 

Large  Capacitors 

For  capacitors  too  large  to  be 
measured  on  the  Q meter  in  the 
above  manner,  three  sets  of  meas- 
urements and  additional  calcula- 
tions must  be  made,  using  results 
obtained  from  the  chart.  A smal 
fixed  capacitor  C,  is  required,  o 
any  value  that  can  be  measured  di- 
rectly on  the  Q meter  and,  with 
Cx  in  series  with  the  large  un- 
known capacitor,  gives  a combine 
capacitance  which  can  also  be 
measured.  , 

In  this  procedure,  the  values  o 
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CONTACTS  and  CONTACT  ASSEMBLIES 
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DURING  the  past  22  years,  Mallory  engineers  have  created  more  than 
5000  designs  for  electrical  contacts  and  contact  assemblies.  Meanwhile 
Mallory  metallurgists  have  provided  improved  contact  materials  . . . special 
alloys  such  as  Elkonite*  and  Elkonium*  as  well  as  combinations  of  silver, 
tungsten,  platinum  and  other  metals. 

Mallory  has  also  developed  many  special  alloys  for  contact  backings  and 
such  supporting  members  as  springs,  arms,  studs  and  brackets.  Modem  pro- 
duction equipment  enables  skilled  Mallory  workers  to  torch  braze,  furnace 
braze,  induction  braze,  resistance  braze,  silver  solder,  spot  weld,  projection 
weld,  flash  weld,  spin,  rivet  or  stake  contacts  to  supporting  members. 

Having  available  this  wealth  of  design  data  ...  of  contact  and  contact 
assembly  materials  . . . and  of  production  facilities  . . . Mallory  has  been  able 
to  meet  the  most  exacting  requirements  for  millions  of  contacts  and  contact 
assemblies.  Manufacturers  of  relays,  industrial  controls,  business  machines, 
home  appliances,  circuit  breakers  and  a wide  variety  of  electrical  and  elec- 
tronic equipment  have  learned  to  rely  on  Mallory  as  Contact  Headquarters. 


electrical  contacts  and  contact  assemblies 


^tHONICS  StpUmktr  IMS 
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Consult  Mallory  contact  engineers  while  your  product  is  being  designed  . . . 
before  final  blueprints  are  made.  Often  a complete  contact  assembly  from 
Mallory  will  save  you  engineering  time  and  production  costs. 

P.  R.  MALLORY  A CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 

_ • Pat.  Off.  for  tirctric  contacting  dements. 


P R MALLORY  & CQ.Inc 


C,  and  Q,  are  first  obtained  for  the 
Q meter  alone,  as  before.  The 
values  of  Ce  and  Qa  are  obtained 
next,  with  fixed  capacitor  C,  con- 
nected to  the  Q meter.  Finally,  the 
unknown  capacitor  Cx  is  placed  in 
series  with  C„  and  the  values  of  C3 
and  Q,  are  obtained.  From  this 
data,  the  capacitance  values  of  C, 
and  Cx  are  calculated  as  follows 


can  then  be  calculated  from  the 
equation 


Cx 


300  (400  - 169) 


■ 1,000  nn f 


Qx  = , 


Qxi  Q xi  C a 


(5) 


’ Qx  1 (Cx  + Cx)  - Qxx  Cx 

This  equation  is  based  on  the  same 
assumptions  as  for  small  capaci- 
tors. In  all  calculations  the  factor 
10  “ is  omitted  from  capacitance 
values  because  the  factor  cancels 
out  and  does  not  affect  final  results. 


The 


(3) 

Cx  - (Cl  - Cx)  (4) 

Q of  the  fixed  capacitor 


Cx  = Ci  - C, 
Cx  (C, 


Cx  = 


■C,) 


(QX1)  is  found  with  the  aid  of  the 
chart,  just  as  for  the  original  pro- 
cedure, and  the  Q of  the  series  com- 
bination of  Cx  and  Cx  (designated 
QX1)  is  similarly  obtained.  The 
value  of  Qx  for  the  large  capacitor 


Example  3 

Q meter  measurements  on  a fixed 
capacitor  and  a large  unknown  ca- 
pacitor whose  size  and  Q are  de- 
sired give  the  following  readings 

C,  = 400  /inf  Qr  “ 250 

Ca  — 100  fi/xf  Qa  = 240 

Cs  = 169  mm f Qa  = 180 

From  Eq.  (3 ),C,  = 400  - 100  = 
300  /ip f-  From  Eq.  (4), 


' 300  - (400  - 169) 

To  obtain  Qx„  A Q = 250  — 240 
= 10,  Cxx  = 400  - 100  = 300,  and 
Cxa/Ca  - 300/400  = 0.75.  For  AQ 
= 10  and  Q,  = 250  on  the  chart,  a 
Q value  of  3,000  is  obtained.  Apply- 
ing the  correction  factor,  Qx,  = 2 
X 0.75  X 3,000  = 4,500. 

To  obtain  Qx-,  A Q = 250  — 180 
= 70,  Cx , = 400  - 169  = 231,  and 
Cxa/C,  = 231/400  = 0.578.  For  AQ 
= 70  and  Q,  = 250,  the  chart  gives 
a Q value  of  320.  Applying  the  cor- 
rection factor,  Qxt  = 2 X 0.578  X 
320  = 370. 

The  Q of  the  large  capacitor  then 


Q x = 


4.500  X 370  X 231 


; =912 


Chart  lor  determining  Q value  oi  a capacitor  from  Q meter  measure  ments.  Large  capacitors  require  one  extra  set  of  measuremen..^nce 
indicated  by  circuits  at  upper  right.  Chart  applies  specifically  to  measurements  in  which  ratio  of  unknown  capacitance  to  capa 
C,  inside  the  O meter  is  0.5;  for  other  ratios,  multiply  chart  value  of  Q by  2CX  C, 
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To  a line  of  resistors  already  broader  than  that 
of  any  other  manufacturer  in  the  entire  resistor 
industry,  IRC  has,  in  the  last  few  months, 
announced  several  new  and  important  con- 
tributions. Among  the  newer  developments 
having  wide-spread  application  in  the  elec- 
tronics field  are  the  components  here  briefly 


TYPE  PRT  POWER  RHEOSTAT 


Rugged  yet  light  in  weight 
and  of  neat  appearance  the 
PRT  conforms  fully  with 
AN3155  specs.  Has  heavy 
screw  type  terminals  at  rear 
of  enclosed  all-metal  housing. 
Available  in  25  and  50 
watt  models. 


TYPE  BTR'/j  WATT  METALLIZED 
INSULATED  RESISTOR 

Scarcely  bigger  than  a bump  on  a 
1 wire  (L  %'-Dia.  %')  the  BTR  V4- 
t watt  resistor  has  all  the  quality  char- 

\ acteristics  and  features  that  have 

« long  made  IRC's  BT  line  "Preferred 
w,  for  Performance."  Suitable  for  Army- 
Navy  RC  1 0 applications.  Available 
postwar. 


TYPE  GRW 

GRADE  1-CLASS  1 RESISTOR 

Thoroughly  dependable  and  of 
sound  construction  these  completely 
sealed  units  meet  or  surpass  every 
requirement  of  JAN -R- 26  specs. 
Made  in  7 standard  sizes  with  power 
ratings  of  1 5 to  1 40  warn  and  resis- 
tance ranges  qf  0.1  to  63,000  ohms. 


reviewed.  All  of  these  products  are  available 
in  reasonable  quantities  except  the  Type  BTR 
Resistor,  which  is  still  wholly  allocated  to  a 
special  war  project.  However,  samples  of  this 
unit  are  available  and  will  be  gladly  sent  for 
test  or  experimental  purposes.  Your  inquiries 
will  receive  prompt  and  welcome  attention 

TYPE  BTA  1 WATT  METALLIZED 
INSULATED  RESISTOR 

Pencil-thin,  less  than  in  length  and 
conservatively  rated  at  one  watt  the 
BTA  is  a quality  resistor  throughout 
and  meets  RC30  specs.  Low  in  oper- 
ating temperature  it  has  proportion- 
ately high  wattage  dissipation. 

" 

TYPE  FRW  FLAT  WIRE  WOUND  RESISTOR 


Efficient  as  a tubular  wire 
wound,  the  type  FRW  has 
many  features  that  recom- 
mend it  for  limited  space 
use.  In  5 standard  sizes  to 
comply  with  JAN-R-26, 
specs  for  RW  20,  RW  21, 
RW  22,  RW  24  require- 
ments. 


FINGERTIP  CONTROL 

No  bigger  round  than  a nickel 
and  wafer-thin,  this  control  will 
find  many  useful  applications 
in  the  smaller  electronic  de- 
vices. All-inclusive  design  elimi- 
nates the  usual  knob,  shaft  and 
bushing  without  impairing 
functional  operation. 
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RESISTANCE  CO.  * 
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Balls  for  Bearings  Sorted  by  Electronic  Gage 192 
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Automatic  Control  of  Vehicular  Traffic 


Use  of  electronic  tubes  in  the  au- 
tomatic control  of  traffic  has  proved 
eminently  practical  as  illustrated  by 
applications  in  large  and  small 
cities  and  along  highways.  Such  a 
system,  developed  by  the  engineers 
of  the  Northern  Electric  Company 
of  Montreal,  has  been  successfully 
used  in  Quebec  for  several  years. 


Basically  there  are  two  elements 
to  the  system,  detectors  and  dis- 
patchers. Dispatching  of  traffic  is 
done  by  a control  mechanism  whose 
function  is  to  receive  the  impulses 
from  detectors,  and  then  assign  the 
right-of-way  by  means  of  signals, 
in  accordance  with  traffic  demand 
from  instant  to  instant. 


A modification  oi  tho  traffic  control  «ystem  wan  noodod  for  operation  by  trolley  can 
The  special  trolley  detector  is  mounted  on  the  pole  at  the  left.  The  contactor  on  the 
wire  is  Indicated  by  the  black  arrow 
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XRVEY  Regulated 
r Supply  106-PA 


meets  every  need  for 
pcndabte  source  of  lab 
between  200-300  vo 
115  volts  A.C...ouipi 


controllable,  de- 
■atory  D.C.  power 
Operates  from 
remains  constant 
even  though  line  voltage  varies  between 
95  and  130  volts.  Ripple  content  is  better 
than  10MV . . . two  separate  filament  volt- 
ages available. . .6.3  volts,  5 amps,  each 
parallel  operation  possible  making  6.3 
volts  at  10  amps,  available.  D.C.  volt- 
meter for  measuring  output.  A model  of 
effityency  and  convenience. 


The  New  HARVEY  Regulated  Power  Supply  206-PA 

operates  precisely  and  efficiently  in  the  500  to  1000  volt  ninge  l.  provides  , reg- 

ulated  flow  of  D.C.  power  in  two  ranges:  500  to  700  at  K ™p,  700  to  1000  at  / . 
amp.  Ripple  contend/,,  of  1%  or  better  in  any  voltage . 300  MV  a,  1000  volts 

or  better.  Output  is  constant  within  l%frotn  no  load  to  full  load  ,n  *4^ r4  8 ’ 
regulation  1%  or  better.  The  HARVEY  206-PA  has  many  safety  and  operat.ng 
features  that  make  it  as  easy  and  convenient  to  use  as  the  106- PA. 

If  your  equipment  includes  Pulse  Generators.  Constant  Frequency  Oscillators 
Amplifiers,  Measurement  Equipment  or  other 

source  of  D.C.  Power,  you  should  look  into  these  HAR  8 . M ... 

Supplies.  We  d be  pleased  to  send  the  latest  bulletins  on  e.ther  or  both.  No  obit- 

gation,  of  course. 


HARVEY  RADIO  LABORATORIES,  INC. 

435  CONCORD  AVENUE  • CAMBRIDGE  JR,  MASSACHUSETTS 
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lied  through  a vacuum-tube  ampli- 
fier shown  schematically  in  Fig.  2. 

The  double-bar  type  of  detector 
unit  is  utilized  for  compensation 
against  operation  by  current  surges 
in  nearby  street  ear  rails,  power 
cables,  etc.,  and  to  insure  that  the 
vehicle  must  pass  over  some  part  of 
the  unit  to  provide  operation.  This 
compensation  is  derived  by  having 
the  coil  assemblies  of  each  of  the 


current  flowing  as  indicated  by  the 
'arrows.  The  coils  being  normally 
connected  in  opposition  to  each 
other,  only  a slight  negative  voltage 
reaches  the  amplifier  due  to  one  bar 
being  nearer  the  axle  than  the 
other.  As  the  axle  passes  over  the 
first  bar,  the  induced  voltage  in  its 
associated  coil  reserves.  When  the 
axle  is  traveling  between  the  two 
bars,  the  induced  voltages  in  the 


Fig.  2 — Pains  from  the  magnetic  dotocton  or*  amplified  to  operate  the  output  relay, 
indicating  a demand  for  ifght-of-way  to  the  dispatcher 


bars  connected  in  opposition  so  that, 
in  the  event  of  a nearby  current 
surge  acting  upon  the  bars,  the 
voltage  generated  in  one  coil  will  be 
neutralized  by  the  voltage  gen- 
erated in  the  other  coil. 

The  amplifier  or  relay  unit  itself 
is  only  responsive  to  a positive 
voltage  impulse  on  the  grid  of  the 
first  tube  and  it  is  this  feature 
which  makes  the  detector  direc- 
tional to  a certain  degree.  As  it  is 
necessary  for  a vehicle  to  be  in  mo- 
tion to  operate  the  detector,  vehicles 
which  park  nearby  or  directly  over 
the  detector  do  not  cause  it  to  be 
permanently  energized  and  do  not 
affect  the  normal  operation.  Other 
vehicles  passing  beside  the  parked 
vehicle  and  passing  over  any  part 
of  the  bars  will  be  detected. 

Operation 

When  the  axle  of  a vehicle  ap- 
proaches the  unit,  as  shown  in  Fig. 
8,  it  starts  to  cut  the  lines  of  mag- 
netic force  of  both  bars,  thereby  in- 
ducing a voltage  in  the  coils  with 


coilk  of  the  two  bars  are  in  series 
and  a comparatively  large  positive 
voltage  impulse  is  transmitted  to 
the  amplifier.  As  the  axle  passes 
over  the  second  bar  and  away  from 
the  detector,  the  voltage  in  each  of 
the  coils  is  again  neutralized. 

With  vehicles  traveling  in  the 
opposite  direction,  the  reverse  oc- 
curs. A comparatively  large  nega- 
tive voltage  is  generated  when  the 
axle  is  passing  between  the  two 
bars  but,  due  to  the  design  of  the 
amplifier,  this  negative  voltage  im- 
pulse is  not  amplified.  However,  a 
car  traveling  in  the  wrong  direc- 
tion will  generate  a small  positive 
voltage  on  approaching  the  detector, 
which  voltage  may,  under  certain 
conditions,  be  sufficient  to  operate 
the  relay.  To  utilize  the  maximum 
effectiveness  of  the  directional  fea- 
ture, an  adjustable  sensitivity  con- 
trol is  incorporated  in  the  relay 
unit  and  is  adjusted  manually  by  a 
knob  on  the  panel  of  the  unit.  This 
control  is  adjusted  to  the  minimum 
point  where  all  vehicles  approach- 


ing the  intersection  from  the  cor- 
rect direction  are  detected. 

The  dispatcher  mechanism  is 
mounted  in  a weather-proof  cabi- 
net equipped  with  numbered  con- 
necting blocks  and  suitably  labeled 
switches  for  switching  on  or  off  of 
the  traffic  lights  and  transferring 
from  automatic  to  manual  control 
as  desired.  It  consists  of  a solenoid- 
operated  cam  shaft  having  six  steps 
per  cycle. 

Associated  with  the  cams  are  two 
groups  of  spring  contacts  which 
open  or  close  in  varying  combina- 
tions according  to  shaft  position,  to 
set  up  the  appropriate  signal  indi- 
cations and  to  change  the  timing 
conditions  as  necessary.  Four  re- 
lays, two  gas  discharge  tubes,  a 
transformer  and  rectifier  and  sev- 
eral R-C  timing  circuits  are  also 
included  in  the  dispatcher  unit.  The 
transformer  furnishes  the  low  a-c 
potential  for  the  operation  of  the 
detector  relays  and,  in  conjunction 
with  the  rectifier  tube,  furnishes 
d-c  for  the  timing  circuits. 

Traffic  cycles  of  the  control  mech- 
anism are  divided  into  six  intervals 
which  consist  of  an  initial  green  or 
go  interval,  a vehicle  green  interval 
and  a yellow  caution  interval  for 
each  of  two  phases.  The  length  of 
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Answers  to  your  Questions  obout  the  SHURE 
"556”  Super-Cardioid  Broadcast  Dynamic 


Q,  What  is  meant  by  Super-Cardioid? 

Answer:  Super-Cardioid  is  an  improvement 
on  the  cardioid  (heart-shaped)  pickup  pattern, 
which  makes  it  even  more  unidirectional. 
"Super-Cardioid”  reduces  pickup  of  random 
noises  by  73%  as  compared  to  67%  for  the 
Cardioia,  and  yet  has  a wide  pickup  angle 
across  the  front. 

QTo  accomplish  this,  is  it  necessary  to  have  two 
• Microphones  in  a single  caset 

Answer:  No.  The  Shure  "556”  is  designed 
according  to  the  "Uniphase”  principle,  a 
patented  Shure  development  which  makes  it 
possible  to  obtain  the  "Super- Cardioid”  pat- 
tern in  a single  compact,  rugged  unit. 

QOver  what  range  does  the  Shure  "556”  give 
■ quality  reproduction  t 

Answer:  The  Shure  "556”  provides  a high 
degree  of  directivity,  both  horizontally  and 
vertically  over  a wide  frequency  range  from 
40  to  10,000  cycles. 

Q.  Does  the  Shure  "556”  reduce  feedback? 

Answer:  Yes!  Reflected  sounds  and  "spill- 
over” from  loud  speakers  entering  from  the 
rear  are  cancelled  out  within  the  Microphone. 

Q.  Can  the  Shure  "556”  be  sued  outdoors? 

Answer:  Yes.  It  is  insensitive  to  wind  and 
will  withstand  heat  and  humidity.  The  low 
impedance  models  may  be  used  at  practically 
unumited  distances  from  the  amplifier. 

QCan  the  Shure  "556”  be  used  for  Studio 
• Broadcasting? 

Answer:  More  than  750  Radio  Broadcast 
Stations  in  the  United  States  and  Canada  use 
the  Shure  "556”  in  their  studios.  Because  it 
00  be  placed  with  its  back  to  the  wall  with- 
out picking  up  reflected  sounds  or  echoes,  it 
facilitates  Microphone  placement. 

Model  556A  for  35-50  Ohm  circuits — 

LIST  PRICE  $75 

Model  556B  for  200-600  Ohm  circuits — 

LIST  PRICE  $75 

SHURE  brothers 

Designers  and  Manufacturers  of  Microphones 
tmd  Acoustic  Devices 

MS  Watt  Huron  Stroot,  Chicago  10,  Illinois 
CABU  ADDRESS  I SHURE  MICRO 
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each  interval  is  determined  by  the 
setting  of  a variable  resistor  in  an 
R-C  circuit.  Charging  the  capacitor 
through  the  resistor  continues  un- 
til sufficient  voltage  is  developed 
across  the  capacitor  to  cause  the 
gas  discharge  tube  to  flash  over, 
energizing  the  cam-shaft  solenoid 
to  shift  the  cam  assembly  one  step. 
As  the  cam  shaft  is  rotated  from 
step  to  step,  a new  R-C  combination 
is  switched  into  the  circuit,  making 
possible  individual  adjustments  of 
each  time  interval. 

Trolley  Cars 

Difficulty  arose  in  the  operation 
of  the  system  close  to  electric  trol- 
ley lines.  Consider  the  operation 
when  the  trolley  car  arrives  at  an 
intersection  and  stops  to  receive 
or  discharge  passengers.  Since  the 
traffic  detectors  are  placed  some 
distance  from  the  intersection,  the 
halted  trolley  cars  are  now  past  the 
detector  and  there  is  no  way  of  sig- 
naling the  traffic  dispatcher  when 
the  car  is  ready  to  proceed.  The 
most  economical  method  is  to  place 
a contactor  on  the  trolley  wire  so 


Fig.  4 — Trolley  dotes  contactor,  gener- 
ating voltage  impulse  in  transformer  to 
actuate  despatcher 


that  a movement,  a few  feet  for- 
ward, of  the  car  will  close  the  con- 
tact and  register  a demand  on  the 
dispatcher. 

The  first  solution,  involving  the 
use  of  a contactor  and  a relay,  had 
several  disadvantages.  A modifica- 
tion shown  in  Fig.  4,  eliminated  the 
disadvantages  of  the  first  idea.  As 
the  trolley  moves  forward,  it  closes 
the  circuit  to  ground  through  the 
trolley  pick-up  unit,  impressing 
what  is  in  effect  a unit  step  voltage 


on  the  transformer.  The  trans- 
former isolates  the  dispatcher  cir- 
cuit from  the  d-c  of  the  trolley  line, 
but  passes  on  the  necessary  impulse 
to  register  a demand  for  right-of- 
way.  The  voltage — divided  network 
of  if,  and  Ru  by  limiting  the  voltage 
applied  to  the  transformer  primary, 
permits  control  of  the  intensity  of 
the  secondary  pulse. 

A voltage-divider  network,  sub- 
stituting a capacitor  for  R„  was 
considered.  This  arrangement, 
while  removing  all  d-c  from  the 
transformer,  had  the  disadvantage 
of  placing  high  transient  voltages 
on  the  circuit,  making  necessary 
special  insulation  on  both  the  trans- 
former and  R,. 

Two  other  considerations  in- 
volved secondary  impedance  and 
false  operation  due  to  transients  in 
the  trolley  conductor  field.  Since 
the  detectors  are  wired  in  series,  it 
is  necessary  that  the  impedance  i 
looking  into  the  secondaries  of  the  [ 
individual  units  be  low.  A hum- 
bucking and  shielded  transformer 
eliminates  the  effect  of  unwanted 
transients. 


Penicillin  Drying  Machine  in  Production 


As  now  perfected  for  production 
use,  the  electronic  drying  system 
for  penicillin  that  was  announced 
by  RCA  Laboratories  last  fall  can 
produce  ready-to-use  vials  of  peni- 
cillin at  the  rate  of  2,000  per  hour, 
with  each  vial  containing  100,000 
Oxford  units  of  the  renowned  drug. 
Hourly  production  is  sufficient  to 
treat  400  patients  requiring  500,- 
000  units  each.  The  system  can 
operate  as  much  as  20  hours  a day 
for  a total  of  4,000,000,000  Oxford 
units. 

This  rate  of  output  exceeds  that 
of  conventional  equipment  which 
occupies  four  times  the  floor  space 
and  costs  triple  the  amount  of  the 
electronic  system,  according  to  offi- 
cials of  F.  J.  Stokes  Machine  Com- 
pany, manufacturer  of  the  system 
developed  by  RCA  Laboratories. 
Cost  of  operation  and  maintenance 
of  the  electronic  system  fall  far 
below  that  of  conventional  equip- 
ment. 


wirth,  of  RCA  Laboratories,  and 
consists  of  a bulk-reducer  for  de- 
hydration, an  electronic  vacuum 
drier,  and  vacuum  heating  cham- 


bers that  remove  the  last  bit  of  jj 
moisture  from  the  vials. 

The  bulk-reducer  employs  r-f  cur-  ||j 
rent  to  concentrate  the  penicillin 


Three  Units 

The  system  was  developed  by 
Dr.  George  H.  Brown  and  his  asso- 
ciates, C.  N.  Hoyler  and  R.  A.  Bier- 
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Compute  electronic  drying  system  for  penicillin.  The  three  glass  bulbs  comprise  the 
r-f  heating  bulk  reducer  that  does  in  30  minutes  a dehydrating  operation  that  etoM 
rguire  24  hours  by  freese-drying.  At  center  is  the  electronic  vacuum  drier  that  reduces 
i-cc  quantities  of  concentrated  penicillin  solution  to  a dry  film  in  rials.  At  right  are 
me  dome  heating  tables  where  the  last  bit  of  moisture  is  removed  from  the  vials 
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IF  YOU  ARE  A RADI 
MANUFACTURER 


If  dry  batteries  are  required  in  your  post-war 
products,  be  sure  to  look  to  Ray-O-Vac. 
Ray-O-Vac  batteries  are  designed  and  built  to 
deliver  more  hours  of  service.  It  is  this  extra  capacity 
that  insures  greater  consumer  satisfaction  for  your 
product.  Take  no  chances  — specify  Ray-O-Vac. 


know  how"  that  has  solved 

1 Innumerable  problems  of  radio 
l*"er  for  our  armed  forces  is  at 
service  in  our  Commercial  En- 
9'neering  Dept,  to  aid  In  planning 
Vwr  products  powered  by  dry  cells. 


,T  (l||t||_  0H|0  . S|0UX  CITY. 

!UCTR0NI*-s.p,emfce,  „« 
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Wafer  Proof/  Moisture  Proof 
onct  Steam  Proof  METERS 


VOLTMETERS . . . AMMETERS . . . MILLIAMMETERS . . . 
MICROAMMETERS... WATTMETERS... BOTH  AC  AND  DC 


DRV|NS  PENICILLIN 

S'o?  a 

000  Oford  units  per  Cuhi 
menter.  A standard  Rq 
watt  r-f  generator  i8  #2 
provide  dielectric  heating  , 
contents  of  three  large  gL 
joined  in  vertical  *ri« 
attached  to  a pump  that  mai 
a relatively  low  vacuum.  I 
vacuum,  the  solution  boils  at 
Evaporation  takes  place  at 
of  three  litres  an  hour, 
times  as  fast  as  by  com 
means. 

Second  Generator 
The  electronic  vacuum  di 
sists  of  six  porthole-frame 
chambers  mounted  on  a 
table  and  connected  to  a 
RCA  2,000-watt  r-f  ge 
Vials  containing  1 cc  of 
trated  penicillin  are  placed1 
chambers  and  caused  to  1 
individually  at  3,000  rpm,  ^ 
subjected  to  r-f  heating.  In 
minutes,  the  solution  in  the 
becomes  a dry  film. 

Each  chamber  in  the  elec 
vacuum  drier  contain  34 
of  concentrated  penicillin  sol 
and  the  system  is  so  regulatet 
r-f  heat  penetrates  three  o i 
vacuum  chambers  at  one  tim4i  j 
ing  the  other  three  free  for 
ing  and  unloading.  Red,  g™ 
amber  lights  at  the  side  of 
chamber  informs  the  operati 


Now,  you  can  get  HICKOK  precision  and  dependability 
in  a new  line  of  hermetically  sealed  meters.  Available 
in  m"  and  4J4"  round  styles.  Dimensions  of 

American  War  Standards  Assn.  Drawings  C39.2-1  and 
The  4'4  size  is  built  especially  for  use  in  radio 
service  equipment  where  several  scale  arcs  are  required. 

All  instruments  are  hermetically  sealed  and  both 
vacuum  and  pressure  tested  under  water.  Case  fabri- 
cated of  pressed  steel  and  made  corrosion  resistant  to 
meet  specifications.  Terminals  are  a special  glass 
soldered-in  type. 

All  meters  are  fully  shielded,  permitting  use  on 
either  magnetic  or  non-magnetic  panels.  Operation 
is  accurate  and  dependable  even  up  to  85°  centigrade. 
Internal  pivot  construction  in  D.C.  types  assures 
longer  life  and  greater  resistance  to  shock  and  vibra- 
tion. Write  for  further  information  today. 

THE  HICKOK  ELECTRICAL  INSTRUMENT  CO. 


10527  DUPONT  AVENUE 


CLEVELAND  8,  OHIO 


progress.  1 

To  eliminate  the  small  pel 
age  of  moisture  that  lingers  i 
dried  penicillin,  the  vials  ^ 
placed  in  electrically  heated  v*  , 
chambers  for  30  minutes.  ^ 
Continuous  production  is  ; 
vided  at  a fixed  rate  of  speed  " 
may  be  started  or  stopped  a - 
without  endangering  the  ' 
under  process.  Developing 
is  being  continued  to  eaten 
application  of  the  electronic  ... 
ing  process  to  many  other  pr  ^ 
such  as  foods,  antitoxins,  bid 
cals,  and  pharmaceuticals.  ^ 


w w 

Industrial  Control  With 
Intercom 

In  certain  departments  o 
B.  F.  Goodrich  plant  m 
Ohio,  industrial  inspector 
directly  to  workers 

using  an  intercommunicate 


Septet  W5-ELECTR0N 


s 


— Digitized  by " 


J(£l& 


No-signal  squelch  circuit  makes  this  general 
I KAAR  RECEIVER  IDEAL  FOR  STANDBY! 


purpose 


he  KAAR  KE-23A  general 
irpose  receiver  has  a wider  than 
stomary  range,  covering  all  of 
( radio  communication  bands 
om  500  Kc  to  42  Me.  Unsur- 
used  for  most  types  of  emer- 
»cy,  commercial,  and  amateur 
peration,  it  is  especially  favored 
itstandby  receiver. 

A tt-s ignal  squelch  circuit — 
sraally  not  available  in  a gen- 
ii purpose  receiver — automati- 
silences  the  speaker  except 


when  a call  or  message  is  being 
received,  thus  eliminating  back- 
ground noise  during  standby 
periods.  A threshold  control  on 
the  panel  determines  the  amount 
of  carrier  required  to  operate  the 
receiver,  or  cuts  out  the  squelch 
circuit  when  desired. 

This  nine  tube  receiver  has  a 
high  degree  of  stability  and  its 
selectivity  and  sensitivity  insure 
reception  under  the  most  difficult 
conditions. 


The  KE-23A,  designed  f 
volt  60  cycle  AC  operatior 
stantly  converted  to  6 volt 
plugging  in  a KAAR  64  7X 
pack  at  the  back.  Write  toe 
additional  information 
this  versatile  KAAR  rec 

KAAR  .= 

engineerin 

PALO  ALTO,  CAUFOR 

am  n'  \9en,1:  fRazar  & i 

301  Cloy  Street  . San  Francisco, 


UTTERS -50  and  CRYSTALS-Low-drift  quartz 

»bile  FM  from-  plates.  Fundamental  and 

1 inttont-heoting  harmonic  types  available  in 

battery  drain.  various  holders. 


AM  TRANSMITTERS-Mobile. 
marine,  and  central  station 
transmitters  for  medium  and 
high  frequencies.  Instant  heat- 
ing, quickly  serviced. 


MICROPHONES -Type  4 

single  button  carbon.  $ 
perb  voice  quality,  hit 
output,  moisture  proof. 


CONTROL  WITH  INTERCOM 


tem.  Seated  before  a microphone, 
the  inspector  can  reach  up  and  pull 
a callboard  lever  to  contact  the  re- 
sponsible worker  over  a loudspeaker 
mounted  above  his  place  of  work. 
Thus  a deficiency  occurring  in  one 
heat  or  molding  operation,  for  ex- 
ample, can  be  spotted  before  the 
error  is  repeated.  The  workman 
can  answer  by  pressing  a button. 


.Xoc  01  intercom  i, , 
with  saving  money  and 

also  with  speeding  up  pr2 
carburetor  diaphragms  , 
large  bombing  pianes  ' 
other  items.  Forty-one  M- 
ers  supply  two  divisions 
plant  and,  when  not  being  j 
inspection  reports,  these  cl 
sic  and  news  to  the  workers 


Production  Tester  for  Small  Values 

By  L.  Y.  Hanopol 

Technical  Apparat tie  Co. 

Boston,  Mass. 

The  quality  control  and  the  uni-  rp== 

formity  of  production  demanded  by  i )f- 

present  military  needs  has  brought  Cx 

into  effect  standards  set  by  the  ( ~ js/cm 

RMA  and  the  Joint  Army-Navy  ''y 

Committee,  which  have  required  ~ ' 

greater  accuracy  and  reproducibil- 
ity of  measurement  of  interelec- 
trode capacitance  of  vacuum  tubes. 

With  the  encouragement  of  some 
members  of  the  tube  industry,  the 

design  of  an  instrument  for  meas-  

uring  the  interelectrode  capaci-  were  released  to  provide 
tance  of  vacuum  tubes  was  under-  for  commercial  redesign  i 
taken.  An  instrument  of  this  type  strument  to  permit  its  i 
had  been  developed  and  used  sue-  eral  use  by  the  industry, 
cessfully  for  some  time  at  Raytheon  This  instrument  mos 
Manufacturing  Co.,  whose  data  filled  the  requirements  des 


Fig.  I — Basic  circuit  of  lilt  roe 
capacitance  meter.  C,  is  tin 
itance  being  measured.  Ci  Ills 1 
element  of  the  network,  and  C 
pacitance  to  ground  lot  Ike 
being  measursd 


The  11000  Series 
Transmitting  Condensers 

Another  Millen  exclusive  "Designed  for 
Application"  product.  Illustrated  is  the  1 1035 
size.  Permits  more  efficient  use  of  newer 
tubes — more  compact  and  symmetrical  circuit 
arrangements  and  consequent  better  neu- 
tralization. Center  fed  rotors  for  better  high 
frequency  current  distribution.  Isolantite  in- 
sulation; terminals  in  convenient  places. 
Sturdy  cast  aluminum  center  frame  with 
right  angle  drive,  16/1  ratio.  Rounded  pol- 
ished heavy  gauge  aluminum  plates.  Ex- 
tended rotor  shaft  for  dial  or  indexing  device. 


!40ppF 

OSCILLATOR* 


JAMES  MILLEN 
MFG.  CO..  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


Fig.  2— Complete  circuit  oi  the  capacitance  meter  for  siropi 
of  very  small  values  of  capacitance 
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BALLENTINE 


'ORD  CHANGER  MOTOR 

ere  suppJr » 

Plant  aid,  ijjL 

®N«fs  lese  four  characteristics  achieved  by 
<CaM::V  franced  design,  skilled  engineering 
and  precision  manufacturing. 

‘ st  Rumble  • Highest  Efficiency 


tom 


jst  Compact  Design  • Longest  Life 

he  Ouiet  Ballentine  Changer  Motor  is 
-Amended  to  record  changer  manu- 
tturers  seeking  to  provide  the 
ultimate  in  performance. 
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W RESEARCH  LEADERSHIP:  Before  the  war 


and  during  the  war  /ns/-x  Research  has  been 
instrumental  in  the  development  of  numer- 


ous advancements  in  insulation  materials  for 


the  electrical  and  electronic  industries.  fn$/-x 


Research  Leadership  is  your  guarantee  of 
Quality,  Service  and  Dependability. 


Informative  Literature  Upon  Request 


THE  INSL-X  COMPANY  INC. 


857  MEEKER  AVE.,  BROOKLYN  22.  N.  Y 
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PRODUCTION  TESTER 
P^ally  important  were  m 

hllf  dCr  “ade  a“  **£ 

half  of  one  percent  reads 

able,  a range  multipli^Jj 

be  voltage  calibrated, 

reading  capacitance  indSf 

Other  t/N<&| 

The  equipment  will  ref  ] 
ure  other  capacitances*] 
between  vacuum-tube  laB 
adequate  measuremenfeiP 
tained  without  shielding! 
specimen  when  its  geome 
terminate  and  the  sampl 
directly  connected  to  the  a 
coaxial  cables.  Not  only  i 
such  as  small  fixed  and  ia 
pacitors  be  measured,  bn 
teristics  which  can  be  i 
with  capacitance  can  be  di 
with  the  use  of  small  sad  ; 
precaution  or  limitation  t" 
ables  other  than  the  one  i 
with  capacitance  take  the 
parameters  holds  here  am 
many  materials  where  thi 
measurements  of  thicknee 
trie  constant,  position, 
readily  be  made.  For  B 
testing,  jigs  are  convenie»— 
sirable. 

Principle  of  Opendf 

The  circuit  of  the  instt 
shown  in  Fig.  1. 
known  C.  is  part  of  sj 
vider  whose  other  eledj 
the  voltage  across  Ct  will  ? | 
tional  to  C..  The  systen*s  j 
quires  only  a constant 
source  and  a high-taPM 
tector.  Variation  of  ranflj 
uring  is  controlled  by  the  * 
of  the  oscillator  voltage  a» 
viding  elements  of  the  af 

network.  . ■ 

There  are  two  limiting*! 
error : first,  that  due  toi^l 
ance  of  the  unknown  :a«|| 
the  capacitance  to  groiipM 
unknown,  which  chanE^M 
of  Ct, ' the  other  «*** 
divider.  The  conducta«« 
reduced  to  negligible  M 
by  choosing  a frequency 

the  conductance-to-reac 

i8  less  than  0.01 
show  most  tubes  to ' 
between  100  and  2 
using  this  radio  freque^J 
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Vacuum  Oil  Impregnating  System 

i OIL  FLOY/ 


PUMP 

Co 


Combination  of  230  degrees  F.  heat  and  an 
absolute  pressure  ol  1 mm  of  mercury  rids  oil  of 
volatiles,  air  and  moisture.  Filter  removes  sludge 
and  all  foreign  matter.  Transformers  are  likewise 
subjected  to  this  combination  of  heat  and 
vacuum  for  five  hours — effecting  thorough  de- 
hydration. At  the  conclusion  of  this  period,  the 
treated  oil  is  admitted  to  the  impregnating  tank, 
covering  transformers  for  twenty  minutes.  Clos- 
ure is  effected  under  immersion  (at  process  or 
room  temperature  as  specified),  then  trans- 
formers are  removed  from  bath  for  sealing.  And 
this  is  but  one  of  the  many  features  of  AmerTran's 
quality  construction. 

THI  AMERICAN  TRANSFORMER  CO.,  I7S  Emmet  St.,  Newark  5,  N.  J. 
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Pioneer  Manufacturers  of  Transformers,  Reactors  and 
Rectifiers  for  Electronics  ond  Power  Transmission 
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Two  recent 


ENGINEERING  DEVELOPMENTS 


New! 

5-RANGE  PORTABLE 
KILOVOLTMETER 

2,  5,  10,  20  kilovolts  DC  at 
full  scale. 


Milliohmmeter  No.  673-F  is  a new 
addition  to  the  growing  group  of 
Shallcross  direct  reading  resistance 
measuring  test  sets.  Linear  scales 
eliminate  crowding  of  the  higher 
resistance  values  at  one  end  of  the 
scale.  Six  scales  have  ranges  of 
0-0.5-1-5-10-50  and  100  ohms  full 
scale,  thus  bridging  the  gap  between 
the  regular  Shallcross  Milliohmmeters 
that  are  extensively  used  for  low 
resistance  testing  and  the  ordinary 
Ohmmeters  used  for  relatively  high 
resistance  measurements:  Separate 
connections  are  provided  for  current 
and  potential  to  minimize  the  effect  of 
lead  and  contact  resistance  when 
measuring  low  values.  The  instrument 
uses  a single  #6  dry  cell  battery  car- 
ried in  a compartment 


New! 

medium  range 
MILLIOHMMETER 

Six  scales:  0-0.5-1-5-10-50 

and  100  ohms  full  scale 


interelectrode  capacitance  mi 
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COILINGDALE 


from  a calibrated  source. 
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Fig.  3 — Capacitance  meter  in  1 
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meter  current  from  exu 
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implished  by  supplying 


Digitized  by 


PRODUCTION  TESTER 


(conHnutd) 


r 


d 


toV 


aooor:t><er^ 


ntve 


AucetS 


eis° 


d^e 


J<loWM  w As  E.xP-  . „!« 
\nCvdea  iT0  oee<is  : ^ac^etv 


c»e 


lact'i 


siq°' 


d»q ' 


ad 


an'i’ 


puS^f0t 


O'11  ^ vA^^s  e^“eoqV°'iI 


■RlU-  • « 

pte^sl° 


e*s' 


9PeSv.^-r^q«-S' 


,sVe*aC’ 


STANDARD  TRANSFORMER  CORPORATION 

1500  N.  HALSTED  STREET  • CHICAGO  22,  ILLINOIS 


method  has  two  primary  advan- 
tages; first,  the  calibration  can  be 
made  against  a single  accurate 
standard  of  capacitance,  thus  obvi- 
ating the  need  for  extremely  low 
capacitance  standards  which  are 
difficult  to  obtain;  and  second,  the 
remaining  ranges  can  be  calibrated 
as  voltage  decades  from  the  first 
range.  The  procedure  includes  load- 
ing the  fixed  divider  elements  with 
capacitance  of  the  order  of  magni- 
tude of  that  introduced  by  tubes 
being  measured,  which  provides  a 
central  vtilue  for  positive  and  neg- 
ative errors,  thus  doubling  the 
value  of  tolerable  capacitance  to 
ground,  within  the  assigned  limits 
of  error. 

The  average  of  a number  of  these 
instruments  has  indicated  that  lim- 
its of  error  are  less  than  3 percent, 
a part  of  which  might  be  attributed 
to  variations  in  shielding  rather 
than  to  absolute  error. 

Special  Adapters 

The  standards  of  shielding  set 
by  the  Joint  Army-Navy  and  RMA 
committees  have  been  related  to  ex- 
ternal tube  shields  and  their  rela- 
tionship to  tube  elements.  The  var- 


Flg.  4 — Clou-up  viow  ol  Iho  bau  to*® 
which  socket  adaptors  or#  plugged.  Iho 
parallel  banks  of  receptacles  are  used 
for  oscillator  and  rtrm  connections 


ious  measuring  methods  used  have 
had  more  or  less  completely  shielded 
sockets  and  various  devices  for  the 
subtraction  of  residual  capaci- 
tances, some  of  which  can  be  shown 
to  vary'  with  the  tube  in  and  out  of 
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Uurmij  the  past  five  years  the  plastics  industry 
has  flroiim  by  leaps  and  hounds  so  that  to- 
ilay  you  find  plastics  being  used  extensively 
throughout  practically  all  fields  of  business 
Btcuust  they  are  the  most  versatile,  the  p hen 
dies  are  the  most  widely  used  of  all  plastics 
M sciolists  in  the  production  of  phenolics 
for  thr  (rant  guarler  century,  Durez  makes  the 
Mtoral  startimi  point  for  selecting  the  plastic 
•hot  fits  your  job. 

Typical  of  thousands  of  progressive 
concerns  is  National  Fabricated  Pro- 
4*cts  molders  of  the  octal  radio  tube 
sockets  illustrated.  This  company  is 
*dl  known  for  many  outstanding  con- 
tributions to  the  communications  field 
wd,  like  so  many  of  America’s  manu- 
acturers,  has  found  the  unusual  versa- 
b 'ty  of  Durez  phenolic  molding  com- 
pounds of  unusual  value  in  developing 
complex  products. 

Socket* 

for  example,  these  octal  sockets  were 


molded  from  a high-dielectric  Durez 
compound  which  provides  a high-vol- 
tage breakdown  safety  factor  as  well 
as  excellent  tensile  strength  and  low 
moisture  absorption  under  humid  op- 
erating conditions. 

Designed  to  use  a minimum  amount 
of  chassis  space,  these  octal  sockets 
have  self-aligning  contacts  which  float 
in  the  molded  Durez  insulation  and 
provide  the  necessary  safeguards 
against  fracture  of  the  glass  seal  of  the 
radio  tube  resulting  from  possible  mis- 
alignment of  tube  pins.  The  exact  tol- 
erances and  superb  quality  of  the  fin- 
ished products  attest  the  ingenious 
molding  job  done  by  National  Fabri- 
cated Products  and  the  versatility  of 
the  Durez  phenolic  molding  compound 
used. 

Unusually  Versatile  Material 

Like  the  material  used  in  molding  these 
octal  sockets,  the  more  than  300  other 
Durez  molding  compounds  possess 


many  highly  desirable  inherent  char- 
acteristics which  make  them  extremely 
valuable  to  the  imaginative  design  en- 
gineer. Such  properties  as  dielectric 
strength,  excellent  moldability  high- 
est dimensional  stability,  and  resistance 
to  heat,  moisture,  and  chemicals — to 
mention  a few — are  common  denom- 
inators of  all  Durez  compounds  . . . 
make  the  logical  starting  point  in  the 
search  for  the  plastic  that  fits  your  job. 

Expert  AssUtance  Available 

The  background  of  Durez  technicians 
includes  active  participation  in  the 
successful  development  of  many  and 
varied  products  on  a scope  that  is  prac- 
tically all-embracing. 

The  benefits  which  this  experience  and 
a wealth  of  proved  product  develop- 
ment data  can  provide  are  available  to 
you  and  your  custom  molder  towards 
helping  select  the  plastic  that  fits  your 
job.  Durez  Plastics  & Chemicals,  Inc., 
329  Walck  Road,  N.  Tonawanda,  N.Y. 
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National  Research  Corp.  installa- 
tion of  vacuum  diffusion  process 
dehydration  equipment  using  Kin- 
ney Vacuum  Pumps  at  Old  Quaker. 
Penicillin  Plant,  Schenly  Distiller- 
ies, Inc. 


iNNEY  VACUUM  PUMPS  have  brought  into  large  scale  production 
many  vital  products  that  only  yesterday  were  laboratory  curiosi- 
The  exceptional  performance  of  these  pumps,  has,  in  fact,  per- 
5d  the  entire  redesign  of  several  plants  to  give  much  greater  pro- 
ion  and  better  products.  Thousands  of  KINNEY  High  Vacuum 
ps  are  maintaining  the  low  absolute  pressures  required  in  making 
Ironic  products,  in  sintering  alloy  metals,  coating  lenses,  producing 
d plasma  and  penicillin  and  aiding  the  production  of  countless  other 
lucts.  Proved  and  dependable,  KINNEY  Single  Stage  Vacuum 
ps  maintain  low  absolute  pressures  to  10  microns;  KINNEY  Com- 
id  Vacuum  Pumps  to  0.5  micron  or  better.  Write  for  information. 

INNEY  MANUFACTURING  CO. 

3565  Washington  St.,  Boston  30,  Mass. 

York  • Chicago  • Philadelphia  • San  Francisco  • Loi  Angeles 

We  also  manufacture  vacuum  values,  liquid 
pumps,  clutches  and  bituminous  distributors. 


the  socket.  These  sources  of  varia- 
tion are  eliminated  by  use  of  an 
adapter  each  of  whose  contacts  is  in 
a separate,  completely  shielded  com- 
partment. A set  of  such  adapters 
has  been  designed  as  part  of  the 
equipment. 

The  adapters  plug  into  a uni- 
versal shielded  socket,  having  all 
the  pin  contacts  carried  through 
shielded  chambers  to  a series  of  re- 
ceptacles mounted  on  an  inclined 
periphery  of  the  socket.  This  socket 
is  in  turn  mounted  upon  and 
shielded  from  a casting  whose 
periphery  carries  two  banks  of 
parallel-connected  receptacles.  Each 
bank  is  shielded;  one  bank 
nects  to  the  oscillator  and  the  other 
to  the  vtvm.  Patch  cords  between 
the  lower  banks  of  receptacles  and 
the  receptacles  in  the  socket  serve 
to  connect  the  tube  elements  into 
the  measuring  circuit  in  any  ar- 
rangement required.  The  base  cast- 
ing also  contains  a 50-ppf  standard 
capacitor. 

The  efficacy  of  the  adapter 
shielding  is  shown  by  the  fact  that 
the  capacitance  between  any  un- 
used contact  and  a pin  plugged  into 
an  adjacent  contact,  and  projecting 


Fig.  5— Special  socket  adapter  with 
shield  and  terminal  connector  for  acorn 
tube 

two  inches  above  the  top  plate,  is 
less  than  0.00005  /x/xi  when  the 
whole  is  shielded.  Interchanging  of 
adapters  does  not  affect  the  repro- 
ducibility of  measurements. 

The  instrument  is  readily  oper- 
ated, the  controls  being  merely 
those  for  range  and  calibration. 
The  gain  of  the  vtvm  is  set,  with 
the  standard  in  place  of  the  un- 
known, for  a meter  reading  of  0.5. 
The  tube  elements  are  then  con- 
nected so  that  the  unknown  capaci- 
tance is  between  the  vtvm  and  os- 
cillator circuits.  The  shield  is 
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CANCEL-OUT  RESISTANCE 
rGES  DUE  TO  TEMPERATURE 
KEYSTONE  "NTC"  UNITS 


NOW  . . . EFFICIENT,  SIMPLE  COMPENSATION 
FOR  WIDE  VARIETY  OF  ELECTRICAL  DEVICES 


MODERN  war  has  demonstrated  that  the  extremes  of  world 
climate  are  only  hours  away  . . . has  clearly  indicated  the 
expanded  temperature  range  over  which  many  precision  elec- 
trical devices  must  operate  if  they  are  to  meet  the  demands  of 
the  future. 

The  inherent  positive  temperature  coefficient  of  copper  (and 
many  other  pure  metals)  results  in  large  variations  in  current 
flow  and  voltage  drop  in  windings  and  conductors  when  the 
temperature  range  is  great.  If  uncompensated,  wide-tolerance 
performance  is  probable.  If  the  percentage  resistance  change 
is  minimized  by  adding  large  amounts  of  low-coefficient  re- 
sistance, low  efficiency  and  drastic  limitation  of  available 
power  are  inevitable. 

Because  they  have  a large  negative  temperature  coefficient, 
there  need  be  only  a moderate  increase  in  circuit  resistance 
when  Keystone  "NTC"  units  are  used.  The  remarkable  effec- 
tiveness and  simplicity  of  this  method  are  evident  from  the 
typical  problem  and  its  solution  illustrated  at  the  left. 

The  experience  of  our  customers  indicates  that  Keystone  "NTC" 
compensation  can  help  make  better-performing,  more-sales- 
worthy  indicating  and  recording  devices,  meters,  relays,  con- 
trol systems  and  many  other  electrical  devices  and  components 
, . . economically.  Why  not  let  us  tell  you  more  about  them — 
and  put  us  to  work  on  your  problem?  Write  now — no  obligation. 


Keystone  "NTC"  umls  are  thermal  resistors  o 1 special  composition  ( not 
carbon),  developed  and  manufactured  by  Keystone,  and  extensively 
used  for  temperature  compensation,  temperature  measurement  and 
control,  time  delay  and  other  applications . 


EYSTONE  CARBON  COMPANY,  INC. 

ST.  MARYS PENNSYLVANIA 
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We  ore  busy  as  ever,  producing 
scientific  communications  wire  for  our 

WCTORFY0iHeS  ‘ ' ‘ co;Cent-tmg  upon 
VICTORY!  However,  things  are  looking 

up.  Soon,  we  hope,  you'll  be  able  to 

CORWiro  SS'Ve,y  UP°n  these  familiar 
CORWICO  units,  and  put  them  to  work 

once  more  on  civilian  jobs. 


cornish 

WIRE  COMPANY,  rac 

5 5 Pork  Row,  New  York  City,  New  York 
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production  tester 

grounded  or  connected 
as  required  by  the  aP! 
specification. 

The  capacitance  betwi 
elements  being  measu 
Product  of  the  meter  r 
the  multiplier  dial  setti 
event  that  any  of  the  n 
upon  the  low  end  of  th 
greater  accuracy  is  re 
range  of  the  instrument 
ied  by  changing  the 
point;  that  is,  calibratin 
stead  of  at  0.5  providei 
ranges  of  50,  5,  0.5, 0.05 
calibration  at  0.2 
full  scale  ranges  of  200, 
and  0.02  n^i.  For  prodi 
ing,  other  points  of  calib 
be  selected  so  that  the 
measurement  fall  on  a i 
for  one  range  setting. 

The  assistance  of  ! 
Gowell,  of  the  Raytheon 
turing  Company,  has  ; 
project  possible. 
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Controlling  Activatioi 
Schedules  At  Exhaust 

By  M.  Silverman, 

Production  Manager, 
Cathode-ray  Tube  Divm 
North  American  Philips  Comp 
Dobbs  Ferry,  -V.  Y. 

Engineers  seem  to  have  a 
changing  schedules— and 
at  times  become  very  trot 
to  those  charged  with  the 
of  maintaining  maximum 
tion. 

After  two  years  of  exper 
tion  in  our  exhaust  depart 
standard  activation  schedi 
evolved.  With  only  slight 
tions,  this  system  is  applic 
almost  every  type  of  cath 
tube  produced.  Table  I she 
basic  schedule  that  was  adof 
Engineers  of  Philips  an< 
Clock  Company  collaborated 
sign  and  build  a timer  using 
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Weigh  a lot  less ! 

Less  subject  to 
breakage ! 

Adaptable  to  any 
mounting  style ! 

Exceptionally  low 
dielectric 
loss ! 


TAP  ’EM 

ANYWHERE ! 

If  desired,  many  types 
ofB&W  Air  Inductors 
can  be  supplied  with 
every  turn  indented  as 
illustrated.  This  per- 
tnus  quick,  easy  tap- 
P«ng  at  any  point ! 


it  INDUCTORS 


flLL  SHAPES -ALL  ms-fa  2 - 

th*  '«n  years  since  B & w . * * 

duraprloJ  _ W anH  : 


In  the  ten  years  since  B & w 

■ypesofcoiirCairThe'"8 

more  adaptable  to  difficult  deiign 


exLZrt  1 f sPec’Hcations.  Un- 

■ s li!  e ah0'  P ug"’n  Services’ there 
s little  about  them  to  break-and, 

from^cT  h'hey  C3n  be  Protected 
rom  rough  services  with  bumper 

2,  Dr,eCtnC  lo»  is  excep- 
nonally  Iow-and  they  can  be 

puchVV"  eXaCtin«-  uniform 
P h.  Tell  us  your  coil  needs  ! 


C0NTR0LLIN6  ACTIVATION 

Chronous  motor  driving 
Each  disc  has  60  slots 
periphery  and  each  slo 
20  seconds  of  time.  Ti 


TABLE  I— EXHAUST  S 
OPERATION 


2 Onll  ,Ube  compression  ftti 

3 ?hp.,cn^rLV,,,op-cock' 

A Light  oven, 

5 After  tubes  have  cleared  0I 
aiprrator  switch  and  lower  on 
° Bak.a  f°r  35  minutet  et  TOO  C 
period,  manifold  should  be  cii 

S Bomt.  °!i*n  half  WJr  a"d  shut  i 
» Bombard  mount  to  dull  red 

1 b'twMn  tvbes. 

in  lit!  at  8v— 2 minutes, 

i iL  at  »*-4  minutes. 

gr?d«  hH,*r‘  a'  '9/iy  ~ 3 mini 

12  Connect  ell  elements  escee 
cathode  to  d-c  end  slowly  rtl 
50v—4  minutes. 

13  Low«r  heater  voltage  to  9v*  |q 

14  Tipdoffaih  geM*rs  5 mInut«*-' 


NOTE:  Timer  controls  steps  I f< 
schedule. 

be  inserted  in  the  slots  oi 
The  shorter  rod  snaps 
activated  switch  to  the  o 
and  the  longer  rod  turns 
off.  By  correctly  posit! 
rods,  it  is  possible,  in  oi 
tion,  to  open  and  close  fh 
in  any  desired  sequence  i 
chosen  time  intervals. 

The  complete  circuit  is 
Fig.  1.  Here  is  the  way 
works  on  a typical  exhaust 
Step  1— Switch  1 is  clo 
ually.  This  starts  the  m 


DEPT.  E.»5,  235  FAIRFIELD  AVE.,  UPPER  DARBY, 


Export:  tINDITEVES,  INC.,  |0  Rockefeller  Plojo. 


FIG.  1 — Circuit  diagram  of  on 
exhaust  schedule  timer 

lights  the  tube  heaters.  C 
passes  through  two  variafc 
sistors  in  the  primary,  ea< 
justed  to  lower  the  heater  v 
by  some  set  value.  The  initia 
age  on  heaters  is  adjusted  by 
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SiZE  IS  EVER  Tftonc  IMPORTANT  IN  WIRE! 


Don't  send  a jeep  on  a tractor-  spool  or  hank  of  wire  (in  alloy  or  steel) 

trailer  job  or  attempt  to  use  "almost"  is  exacting  in  size,  tensile  strength, 

e right  wire.  Spencer's  constant  con-  physical  and  chemical  requirements, 
tfol  system  guarantees  that  each  coil.  Write  today  for  complete  information. 

BERYLLIUM-COPPER,  phosphor  bronze,  nickel,  high  carbon 
and  STAINLESS  STEEL  WIRE  IN  SIZES  FROM  .001"  TO  .050" 


Sffilember 
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CONSULT  SPENCER  FOR 
EXACTNESS  IN  WIRE. 

★ ★★★★★★★★ 


ER  WIRE  COMPANY 

WEST  BROOKFIELD  PLANT 

WEST  BROOKFIELD  • MASS. 
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Thordarson 

Stancor 

Sola 

General  Radio 
UTC 

Superior 
Merit  Coil 
Knight 
General 
Transformer 
Acme 

Pioneer  Electric 
Crest 


Helpful 

buying 

GUIDE 

Available 
on  Request 
Write  for  it! 


rhlZH.  , ” 6e‘  y°"  "‘"'former  needs  ft< 

4*  "“"  «««,  under  one  roof,  are 

the  leading  makes,  in  all  the  wanted  types: 

Power  . Adjustable  . Voltage  Regulating 
Step-up  and  Step^own  . Plate  and  Filament 

Ortf.T  ‘ K,erS,Q9e  0nd  ‘ 

Filte  "°ph°ne'  Lme  and  fixing  Transformers 
Filler  and  Swinging  Choke,  . Audio  Reactor, 

Fluorescent  Lighting  Ballasts 

*T,fr,  “a„  V"™d  !'°Cks  “re  "“inrained  for  * 
' Close  con<act  with  manufacturers  expedite 

I'TZ?  “V«  .i»e 

at  s why  thousands  call  ALLIED  First! 

"RmZ1%?R  PH„°NJ  HAYM^RKET  6800 
jor  everything  Radio  and  Electronics 


Empty 

The  heaters  of 
hausted  are  conne 
If  the  number  of  t 
is  the  same,  the  ci 
not  vary  significan 


ALLI 


RADI 


833  W.  i.  CORpORAT|ON 

_833  W.  Jacks°n  B|vd.  . Dept.  24 -J. 5 

suppliers  OF~ft  * Chicago  7,  Illinois 


FIG.  2 — Automatic  tint 
switch  five  circuits  t 
choice  of  sequence  am 


load.  When  runs  v 
(having  the  same  res 
hot  heater)  are  conn 
of  missing  tubes.  T 
identical  load  conditii 
Resistors  R,  and  R 
to  produce  1 and  li-T 
spectively,  in  the  seco 
once  the  starting  volts 
timer  will  increase  h 
in  1 and  li-volt  steps, 
is  set  to  cause  a 40-vol 
The  timer  has  been 


ONE  QUICK  CENTRAL  SOURCE 

TRANSFORMERS 


CONTROLLING  ACTIV 

sistor  in  the  seci 
Step  2— Switci 
shorts  out  resis 
the  heater  voltag 
Step  3 — Switci 
ing  out  resistoi 
heater  voltage  Ij 
Step  4— Switci 
volts  d-c  is  app 
anodes. 

Step  5 — Switci 
has  no  immediat 
sistor  Rj  is  shorte 
Step  6 — Switch 
This  throws  in  ri 
drops  the  d-c  vol 
and  resistor  R,  w 
heater  voltage  to  £ 
Step  7— Switche 
turning  everythin! 
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Build  longer  life,  better  per- 
formance, into  your  products 
...  for  war  or  peace  . . . with 

SPERTI 


HERMETIC  SEALS 


Right  notv,  your  first  problem  may  be  to 
meet  rigid  Army-Navy  specifications  in 
your  electrical  equipment.  But  as  you 
turn  to  peacetime  production,  competition 
will  have  the  same  effect  on  quality 
standards  as  tough  battle  conditions. 

Be  prepared  to  build  longer  life,  better 
performance  into  your  peacetime  as  well 
as  wartime  product.  You  can— with  Sperti 
Hermetic  Seals.  Rugged.  Dependable. 
Proved  in  such  vital  war  products  as 
meters,  transformers,  condensers,  relays, 
vibrators. 

Sperti's  advanced  manufacturing  meth- 
ods plus  exhaustive  tests  and  inspections 
not  only  mean  a better  product  for  you 
. . . but  also  save  production  delays,  costly 
rejections. 

WRITE,  TODAY.  Get  the  facts.  Let 
us  show  you  both  the  wartime  and  peace- 
time applications  and  advantages  of  Sperti 
Hermetic  Seals. 


HERE’S  WHY  LEADING  MANUFACTURERS 
CHOOSE  SPERTI  HERMETIC  SEALS 

• Seal  out  dust,  fungus,  salt  spray,  sand 
atmosphere  at  high  altitudes,  etc. 

• Will  add  longer  life  to  a product. 

• Will  help  reduce  operational  troubles. 

• Are  one-piece,  rugged  units.  Easily  sold- 
ered-in  at  less  expense. 
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operation  for  a period  of  18  months. 
Time  intervals  are  accurate  to 
within  10  seconds  and  potentials  to 
within  1 volt.  Maintenance  has  been 
negligible— only  simple,  minor  re- 
pairs have  been  necessary. 


Balls  for  Bearings  Sorted 
by  Electronic  Gage 

Balls  for  ball  bearings  are 
automatically  sorted  into  groups 
differing  only  ten  millionths  of  an 
inch  in  diameter  by  the  machine 
shown  in  the  illustration.  The 
operation  is  simple  and  consists  of 
filling  the  Plexiglass  hopper  and 
removing  the  sorted  balls  a few 
seconds  later. 

Commercial  balls  are  used  which 
have  already  been  graded  to  a toler- 


Complete  equipment  of  the  ball -sorting 
gage  developed  by  Jack  and  Heints 
engineers 

ance  of  1/20,000  inch  and  the 
instrument  sorts  them  into  groups 
five  times  more  accurate.  As  many 
as  ten  size  selections  can  be  made. 
One  operator  can  handle  four 
machines  easily  and  these  sort, 
more  balls  than  32  skilled  operators 
can  do  with  conventional  measur- 
ing equipment.  The  unit  was  de- 
veloped by  the  electronics  depart- 
ment of  Jack  and  Heintz,  Inc.  of 
Cleveland,  Ohio,  to  help  speed  pro- 
duction of  aircraft  accessories. 

• • • 

Electronic  Swallow  Counter 


— big  in  their  importance 
to  the  manufacture  of  pre- 
cision instruments,  for 
they  are  the  almost  infini- 
tesimal screws  that  are 
used  in  the  assemblies  of 
many  of  the  world’s  finest  ^ 
mechanical  masterpieces.  M. 

For  more  than  half  a cen-  \i 
tury  Waltham  has  special-  \l 
ized  in  the  production  of 
precision  screws.  Its  plant  ^ 
and  equipment  have  steadi-  I 
ly  modernized  and  ex-  y 
panded  to  meet  the  de- 
mands of  every  period  of  j 
business  development  and 
the  exacting  needs  of  three 
wars. 

Waltham  is  tooled  to  pro- 
duce fine  screw  machine 
products  for  a million  uses 
— any  thread,  material  or 
finish  — any  type  head, 
from  1/64"  to  154"  diame- 
ter. 

\ 

America’s  Outstanding  Producers 

of  Fine  Instrument  Screws  ;j 

Send  tor  catalogue  for  complete  data 


Development  of  the  tympanom- 
eter  by  the  Westinghouse  Research 
Laboratories,  to  determine  the  ease 
or  difficulty  of  compensation  of  a 
flier  for  changes  in  altitude  by  ac- 
curately counting  his  swallows,  has 
obviated  the  necessity  of  the  physi- 


WALTHAM  SCRTW 

COMPANY 
75  Rumford  Ave. 
Waltham,  Mass. 


S.phmb"  fMS- ELECTRONIC* 


CONTROLLING  ACTIVATION  (contlnu.d) 


" CONFIDENTLY , SMITH  ERS,  BOSCO  IS  A COIL  HOUND. 

US  SNOWS  US  WHERE  WE  CAN  OET  AU  THE  COILS  WE  NEED * 


5UMR.QUAUTY  coils  at  reasonable  prices 

^0re  ant* more  every  day,  the  industry  is  turning  to  Albion 
or  wt,  quality  and  quantity  production  of  coils,  chokes, 
transformers.  That’s  because  here  you  benefit  from 
, Un  eatafile  combination  of  management  "know  how,” 
loc  • W0r*cmans^tP'  streamlined  facilities,  and  central 
ton.  Your  requirements  will  be  given  prompt  and 
Sihtful  attention. 


^ON'CS-S.pfc.t* 


1 MS 


ALBION 

COIL  COMPANY 

ALBION,  ILLINOIS 

R.  F.  AND  TRANSMITTING  COILS  AND  CHOKES; 
I.  F.  TRANSFORMERS 
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(continued) 


cian  remaining  in  the  high-altitude 
chamber  during  a test. 

The  instrument  is  constructed  in 
the  form  of  oversize  earphones  that 
clamp  over  the  flier’s  head,  an  ear- 
piece over  each  ear,  and  the  swal- 
lows are  automatically  registered 
and  recorded  on  a chart  outside  the 
chamber. 

Each  earphone  contains  a micro- 
wave  transmitter  with  a short  an- 
tenna. Fluid-filled  chambers  placed 
against  each  ear  drum  of  the  sub- 
ject transmit  the  pressure  caused 


The  microwave  transmitter  and  acces-  : 
lories  of  the  tympanometer  for  chicking 
airworthiness  of  prospective  fliers  by 
counting  bis  swallows 

by  a swallow  to  a diaphragm  in  the 
earphone.  Movement  of  a pin  at- 
tached to  the  diaphragm  produces  a 
peak  in  the  output  wave  of  the 
transmitter.  Because  the  walls  of 
high-altitude  the  chamber  are 
metal,  the  receiving  antenna  is 
strung  inside  and  the  received  sig- 
nals are  carried  by  a coaxial  cable 
to  the  recording  apparatus  outside. 

Both  voluntary  and  involuntary 
compensations  as  related  to  move- 
ment of  the  ear  drum  and  the  rate 
of  response  of  these  to  outside  pres- 
sure variations  are  shown  by  the 
tympanometer.  Graphs  of  the  num- 
ber of  swallows,  plotted  against 
altitude  or  pressure,  are  made  for 
use  by  the  doctor  without  his  pres- 
ence in  the  chamber  being  neces- 
sary. 


• • • 

Photo  Timer  for 
Time-Motion  Study 

An  electronic  sequence  timer 
that  is  now  being  used  to  study 
rupturing  propeller  blades  may  find 


QUAUTY 

PLASTIC 

PARTS 


PRECISION-MADE 
TO  YOUR  EXACT 
SPECIFICATIONS 


« 

ti 


Here  is  a dependable  source 
for  quality  special  parts  or 
products  fabricated  from  plas- 
tic sheets,  tubes  and  rods.  No 
matter  how  complicated  your 
requirements  may  be,  you 
can  count  on  Sillcocks-Miller 
specialists  to  deliver  accurate 
work  to  meet  your  most  ex- 
acting specifications.  You  11 
find  it  costs  you  less  to  pay  a 
little  more  for  Sillcocks-Miller 
quality. 

Writ*  for  Hlesfroted  look  lot 

describing  holpfol  4-way  service 


THE  SILLCOCKS-MILLER  CO. 

10  West  Parker  Avenue,  Maplewood,  N.  J. 
Mailing  Address:  South  Orange,  N.  J. 


Specialists  in  High  Quality,  Precision* 
Made  Plastics  Fabricated  for  Commercial, 
Technical  and  industrial  Requirements 
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ELECTRONIC  MECHANICS... Largest 
Manufacturer  and  Fabricator  of 
Glass  Bonded  Mica  Insulation 

IT  IS  now  recognized  by  leading  engineers  and  manufacturers  that 
Mykroy  ...  the  perfected  Glass-Bonded  Mica  Ceramic,  is  one  of 
the  best  and  most  usable  insulating  materials  yet  developed  for  gen- 
eral and  high  frequency  applications.  They  also  know  that  Electronic 
Mechanics,  exclusive  manufacturer  and  fabricator  of  Mykroy,  is  a 
very  dependable  source  of  supply.  Whether  it  is  required  in  sheets — 
rods — machined  or  molded  to  specifications,  Mykroy  is  delivered 
on  time! 

Mykroy  speaks  for  itself.  Although  there  are  several  brands  of 
Glass-Bonded  Mica  Insulation  there  is  a vast  difference  between  them 
Exacting  tests  conducted  by  independent  testing  laboratories  and 
government  agencies  on  samples  of  Mykroy  picked  at  random  from 
production  runs  have  proved  its  superiority.  (Meets  L4  specifications 
and  is  approved  for  Army  and  Navy  equipment.)  That  is  why  Mykroy 
outsells  all  other  brands  combined! 

Electronic  Mechanics,  now  in  its  tenth  year,  Is  a company  of 
nationally  known  electronic  engineers,  who  have  specialized  in  re- 
search devoted  entirely  to  improving  the  formulas  and  methods  of 
processing  Mykroy  ...  to  perfecting  this  extensively  used  high 
frequency  insulation. 

The  stability  of  Mykroy  and  the  company  behind  it  are  your 
positive  assurance  of  superior  insulation  and  dependable  deliveries. 
If  you  have  used  Mica  Ceramic  Insulation  and  need  more,  send  us 
your  order.  We’ll  take  care  of  It  promptly.  If  it’s  new  to  you,  write 
for  a sample  and  a complete  set  of  Mykroy  Engineering  bulletins. 


70  CLIFTON  BLVD  CLIFTON  N J 

CHICAGO  47.  1917  N.  Springfield  A ve..  Tel.  Albany  4310 
EXPORT  OFFICE:  89  Broad  Street,  New  York  4.  New  York 
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MYKROY  IS  SUPPLIED  IN  SHEETS  AND  RODS  - MACHINED  OR  MOLDED  TO  SPECIFICATIONS^ 
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This  tiny  gear  of  Molded  INSUROK  is 
the  ' heart”  of  a McGill  Levolier  switch. 
Molded  to  precision  tolerances,  it  oper- 
ates the  ratchet  device  which  makes  and 
breaks  the  electrical  circuit.  Here  pre- 
cision, insulation,  and  durability  are  of 
the  utmost  importance. 

McGill’s  many  years  of  successful  ex- 
perience with  INSUROK  brought  about 
a complete  redesigning  program  when 
brass  became  unavailable.  Through  the 
proper  use  of  precision  INSUROK  — 
Molded  and  Laminated— McGill  has  de- 
veloped switches  of  greater  simplicity, 
compactness,  ease  of  assembly  and  longer 
service  life — not  only  for  today,  but  for 
"tomorrow”  as  well. 

You  may  find,  as  McGill  has  found,  that 
to  redesign  with  INSUROK  Precision 
Plastics  will  improve  your  product. 
INSUROK— Laminated  and  Molded  — is 
available  in  a wide  variety  of  grades  and 
types.  Richardson  Plasticians  will  be  glad 
to  help  you  select  the  type  best  suited  to 
your  needs.  Write  today  for  information. 


PHOTO  TIMER  (contin»d| 

use  in  industry  for  time-motion 
studies  of  extremely  high-speed 
subjects.  The  unit  was  originally 
developed  by  photographic  engi- 
neers of  the  Air  Technical  Service 
Command  at  Wright  Field,  as  a 
means  of  studying  the  effects  of 
gunfire  on  armor  plating.  It  per- 
mits taking  six  photographs  of  a 
0.60  caliber  bullet  while  it  moves 
half  its  own  length. 

The  timer  synchronizes  six 
microflash  lamps  so  that  they  may 
be  fired  either  in  train  or  simul- 
taneously. This  is  accomplished  by 
utilizing  linear  charging  of  a 
capacitor  through  a pentode  tube. 

The  voltage  rise  across  the  capaci- 
tor is  applied  to  six  amplifiers 
which  are  arranged  to  have  pro- 
gressively decreased  sensitivity. 

As  the  voltage  rises,  each  ampli- 
fier is  tripped  in  turn  and  the  lamp 
to  which  it  is  connected  is  flashed. 

This  enables  timing  of  pictures 
exactly,  for  by  setting  dials  the 
operator  can  space  the  six  lamps 
so  that  it  takes  0.6  second  for  all 
six  pictures,  the  slowest  rate,  or 
as  little  as  0.0003  second  at  highest 
speed. 

Increased  Range 

The  photographic  engineering 
branch  of  the  ATSC  laboratory  re- 
ceived six  of  the  first  microflash 
lamps  ever  built  about  a year  ago. 
They  were  a development  of  Harold 
E.  Edgerton  of  MIT.  By  conserva- 
tive measurement,  each  lamp  flashes 
in  approximately  0.000002  second. 
They  were  built  originally  for  work 
with  small,  high-speed  parts  at 
ranges  of  six  to  eight  feet  but 
ATSC  photo  engineers  increased 
the  range  to  40  to  50  feet  by  using 
x-ray  film,  an  // 2.6  night  aerial 
camera  lens  and  concentrated  de- 
veloper. 

Taking  pictures  with  the  micro-  , ( 
flash  units  consists  of  opening  the  if' 
camera  shutter  in  darkness,  flash-  ^ 
ing  the  lamps  and  closing  the 
shutter.  The  lamps  may  be  trig- 
gered either  by  sounds  which  react 
in  microphones,  by  electrical 
impulse  transmitted  by  electrical 
circuits,  such  as  in  propeller  rup- 
ture studies  where  the  exact  ( 
moment  of  rupture  cannot  be  pre-  | 
determined,  or  by  light  reacting  j 
on  a photo  tube.  1 
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The  excellence  and  consistent  quality  of  Master  Audiodiscs  gained  wide  acceptance  for 
them  prior  to  the  war.  Now,  the  demand  for  these  recording  blanks,  from  which  press- 
ings are  made,  has  increased  more  than  fourfold.  And  here  are  a few  of  the  reasons: 

1 . They  give  fine  results  with  either  the  gold  sputtering  or  silvering  process. 

2.  Like  regular  Audiodiscs,  the  thread  throws  well,  and  there  is  no  annoying  static. 

3.  Cut  under  good  recording  condition's  there  is  no  audible  "background  scratch". 

4.  It  is  easy  to  ship  them  safely  from  recording  studio  to  processor. 

5.  Especially  important— there  is  no  increase  in  surface  noise  from  recording  time 
to  processing— be  it  a few  minutes  or  many  months. 

Master  AUDIODISCS  are  manufactured  in  three  sizes  on  stretcher  leveled  No.  2 
aluminum  recording  sheet— 12",  1 3V4"  and  17!4"  for  10",  12"  and  16"  pressings. 


AUDIO  DEVICES,  INC. 


NEW  YORK  22,  N.  Y. 


! S 
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TUBES  AT  WORK 

Midget  CRO  for  Maintenance  Technicians 

VHF  Omnidirectional  Radio  Ranges 

Use  of  Shunt  Diode  for  Supplying  Bias  Voltage 

Popular  Radar  Tube  Made  in  America 

Midget  CRO  for  Maintenance  Technicians 


Features  of  a midget  oscilloscope 
developed  in  England  provide  the 
kind  of  operation  that  appeals  to 
men  who  are  called  upon  to  service 
industrial  electronic  equipment  in 
several  plants,  each  having  a dif- 
ferent power-line  voltage  or  fre- 
quency. In  addition,  the  instrument 
may  be  operated  in  the  field,  on  air- 
craft, or  on  small  boats  by  the  use 
of  a 12-volt  battery.  Total  power 
consumption  is  only  15  watts 
whether  battery  or  line  operated. 

The  instrument  contains  a li-in. 
cathode-ray  tube,  linear  time  base, 
signal  amplifier,  and  power  supply 
and  is  called  the  Miniscope  by  Gen- 
eral Electric  Ltd.  The  complete 
schematic  of  the  unit  is  shown  in 
Fig.  1. 

The  focal  properties  of  the  small 
tube  are  reported  excellent  and  give 
good  definition.  Brilliance  and 
focusing  controls  are  provided  and 
external  signals  may  be  applied  to 
the  grid  of  the  tube  for  intensity 
modulation.  Direct  access  to  the 
X and  Y plates  is  also  possible.  Bril- 
liance modulation  Is  very  useful  in 
the  examination  of  transients,  when 
normal  brightness  obtainable  would 


Midget  controls  and  a 1 Win  c-r  tube 
permit  the  Minlscope  panel  to  be  only 
two  Indies  wide 


prove  to  be  insufficient  for  the  high 
writing  speeds  involved.  The  sensi- 
tivity of  the  X plates  is  4.0  volts/ 
mm  and  the  Y plates  4.5  volts/mm. 
The  input  capacitances  are  about 
20  /a/if  and  the  input  resistances 
3.3  megohms. 

The  circuit  provides  a time  base 
with  a frequency  range  of  20  to 
25,000  cps  for  the  linear  horizontal 
sweep.  Synchronization  may  be  de- 
rived from  either  the  observed  sig- 
nal, the  a-c  line,  or  any  other  ex- 
ternal source. 

Vertical  Amplifier 

The  single-stage  resistance-capac- 
itance coupled  amplifier  uses  a 


Fig.  1 — Complete  circuit  oi  the  miniature  oedlloseope.  Provision  U made  lor  opera- 
tion from  a 230-v,  50-cycle  line.  180-v,  500-volt  line,  or  a 12-v  battery 
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pentode  tube  and  is  of  the  usual 
design.  The  gain  is  continuously 
variable  by  means  of  the  input  po- 
tentiometer G and  has  a maximum 
value  of  about  400.  Response  is 
essentially  flat  from  50  to  10,000 
cps  and  waveforms  of  only  0.1  volt 
can  be  easily  examined.  A separate 
attenuator  is  provided  to  reduce 
signals  which  are  too  large  for 
direct  application  to  the  deflector 
plates. 

The  instrument  is  designed  for 
operation  from  a 12-volt  battery 
and  contains  an  internal  vibrator. 
The  total  power  consumption  is 
then  15  watts,  the  same  as  when 
the  a-c  line  is  used.  This  provision 
of  battery  operation  makes  the 
equipment  versatile  for  industrial 
applications,  in  the  field,  aircraft, 
and  small  boats.  For  many  wartime 
applications  the  Miniscope  has 
proved  invaluable. 

High  voltage  is  obtained  from 
two  metal  rectifiers  in  a voltage- 


i 


Compact  construction  of  the  Mlnlscops. 

The  roar  panel  contains  the  Input  jacks 
and  a socket  lor  the  vibrator 

doubler  circuit  and  a single  source 
is  used  for  the  cathode-ray  tube, 
time  base  and  amplifier,  resulting 
in  a great  saving  of  weight. 

The  internal  construction  of  the 
instrument  is  shown. 

A socket  on  the  top  of  the  case 
makes  the  A and  B supplies  aval  - 
able  from  the  power  pack  to  operate 
small  external  units  which  may  e 
designed  to  fit  on  top  of  the  instru 
ment.  This  idea  of  providing  small 
plug-in  units  for  particular  require- 
ments is  analogous  to  the  inter 
changeable  lenses  of  miniature 
cameras  and  enables  the  oscilloscope 
to  be  adapted  for  a vast  range  o 
uses. 

Another  attachment  is  a gree 
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LITTON  MOLUBE 

the  best  in  High  Vacuum, 


Litton  Molube  (Molecular  Lubricant),  a highly 
refined  vapor  pump  medium,  from  carefully 
selected  petroleum  base,  with  high  stability  and 
extremely  low  vapor  pressure,  is  now  available 
in  unlimited  quantities  for  immediate  delivery  at 
prices  that  revise  former  operational  economy. 

Molube  will  operate  advantageously  in 
practically  all  equipment  designed  for  organic 
media.  Its  complete  sorption  by  activated  char- 
coal, makes  it  ideal  for  the  attainment  of  ultimate 
vacuum,  but  it  is  equally  adapted  to  ultra  speed 
dynamic  systems. 

Literature  on  Litton  Molube,  High  Vacuum 
Pumps  and  auxiliaries— glass  working  fires  and 
machines,  and  accessories— metal  glass  seals  and 
special  products  available  on  request. 
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HARRIS 


PRODUCTS  CO. 

• U.  S.  A 


Delicate  instruments  such  as  those 
used<on  planes,  radios  and  electronics 

are  subject  to  excessive  shock,  jolts  » 

and  vibration  in  their  line  of  every  -<7^^ 

day  duty  and  need  protection  in  order  ^ 

to  operate  efficiently  for  any  length  ~ 

of  time.  •Harris  Mounts  are  widely  *v 

used  because  they  cradle,  cushion  and  ii 

protect  these  instruments  Dy  absorb- 

ing  up  to  90  percent  of  this  jolting,  Jj 

jarring  and  excessive  vibration.  Harris  --**■  * 

AMMMKy'r“^ 

Mounts  are  extremely  light  in  weight 

yet  are  rugged  and  will  render  unusually  long  and  efficient 
service.  ‘They  are  made  in  accordance  with  the  Army-Navy 
standards  to  suit  any  combination  of  weight,  frequency,  deflection 
or  operating  condition  and  come  in  both  cup  and  plate  form.  • If 
you  have  a problem,  just  drop  us  a line,  our  engineers,  specialists 
in  the  field  of  engineered  vibration  control  will  gladly  work 
with  your  engineers.  Our  free  bulletin  series  1022  on  Harris 
Mounts  will  be  gladly  mailed  upon  request.  Send  for  it  today. 


Front  row,  loft  to  right:  Silvercap  LSC,  SUvercap  ESC.  Silvercap  SSC. 
Back  row,  loft  to  right:  Silvercap  ABC,  SUvercap  BSC. 


' The  Sickles  “SILVERCAP”  Family 

I SEPTEMBER,  1945 


Way,  way  back  in  the  early  30’s,  Sickles  presented  the  first  Silvercap 
i Condenser,  a vast  improvement  over  its  ordinary  mica  predecessor. 

I The  SUvercap  used  silver  conducting  surfaces  bonded  to  their  mica 

, dielectric.  Thus,  motion  between  plate  and  dielectric  was  eliminated 

and  a highly  stable,  uniform  unit  was  the  result. 

I Years  of  research  and  development  followed  this  first  model  until 

i today,  the  Silvercap  family  can  count  five  highly  improved  members. 

All  are  made  with  the  highest  quality  mica  and  molded  with  the  best 
grade  of  red  phenolic.  These,  and  careful  attention  to  details,  com- 
bine to  produce  a unit  that  is  unexcelled  for  a dependable,  permanent, 
accurate  block  of  fixed  capacity. 

Write  for  complete  details. 

THE  F.  W.  SICKLES  COMPANY,  CHICOPEE,  MASS. 
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NEW 

ANGIE  CORRECTION 
CRYSTAL  EDGING 
MACHINE 

CORRECTS  "X"  AXIS  IN  MINUTES  OF  A 
DEGREE  TO  MEET  SIGNAL  CORPS  SPECIFICATIONS 


★ WRITE  TODAY  FOR 
DETAILS  and  PRICES 


SIMPLE  - ACCURATE 
Positive  Adjustment 

Angle  adjustment  in  min- 
utes by  micrometer  reading, 
determined  by  chart.  . . . 
Eliminate  complicated  ver- 
nier reading  . . . Enables 
you  to  meet  rigid  SIGNAL 
CORPS  SPECIFICATIONS  in 
minutes  of  a degree.  . . . 


VOLKEL  BROS. 


MACHINE  WORKS 


1943  West  Manchester  - Los  Angeles  44,  Calif. 

Designers  end  Manufacturers  of 

SPECIAL  DEVICES  6»  EQUIPMENT 
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at  any  point  and  thereby  the 
azimuth  from  the  station  at  any 
point,  rather  than  at  points  lying 
only  on  certain  specific  courses 
where  the  signal  ratio  is  unity, 
as  in  current  practice. 

Antenna  System 

The  complete  transmitting  equip- 
ment comprises  the  transmitter, 
the  subcarrier  modulator,  the 
goniometer,  and  the  antenna.  Five 
radiating  elements  are  located  at 
the  corners  and  at  the  center  of 
the  customary  square  employed  in 
d-f  systems.  Opposite  pairs  of 
antennas  are  operated  180  degrees 
out  of  phase  and  the  electrical 
spacing  between  the  elements  is 
small  compared  to  the  wavelength 
so  that  a figure  eight  field  pat- 
tern results.  This  field  pattern 
is  caused  to.  rotate  by  means  of  a 
capacitance  goniometer  which  is 
driven  by  a synchronous  motor  at 
3600  rpm. 

The  rotating  goniometer  acts  as 
a balanced  modulator.  It  elimi- 
nates the  carrier  frequency,  and 
supplies  sideband  energy  at  carrier 
frequency  plus  and  minus  sixty 
cycles  to  the  two  antenna  pairs. 
Since  the  entire  field  is  in  effect 
rotated  once  for  each  rotation  of 
the  goniometer,  each  direction  iD 
space  will  have  a certain  phase  of 
the  rotational  frequency  associated 
with  it  and  this  phase  will  change 
degree  for  degree  with  a change 
in  azimuth  relative  to  the  station. 
If  then  we  have  a signal  supply- 
ing a voltage  of  reference  phase 
which  is  independent  of  azimuth, 
we  may  determine  azimuth  from 
the  station  by  comparing  the  phase 
of  the  two  received  signals. 

Reference  Modulation 

The  reference  signal  is  provided 
by  means  of  sixty-cycle  modulation 
applied  to  a 10-kc  subcarrier  which 
in  turn  modulates  the  carrier 
radiated  from  the  center  antenna. 
The  60-cycle  modulating  voltage 
for  the  reference  phase  signal  is 
derived  from  a small  alternator 
driven  on  the  shaft  of  the  motor 
which  rotates  the  goniometer,  so 
that  a constant  phase  relationship 
is  always  maintained  between  the 
two  signals.  With  one  diagons 
antenna  pair  accurately  aligned  in 
the  local  meridian,  and  the  othei 
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Here  is  advanced  Relay  Engineering! 
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TYPE  BN 


TYPE  CN 


Th«  CN  relay  is  the  result  of  advanced  engineer- 
ing technique  and  succeeds  Allied’s  successful  AN 
type ...  a power  relay  expressly  designed  for 
breaking  heavy  current.  Contact  rating  is  50  Am- 
peres at  24  Volts  DC  with  silver  contacts;  with 
alloy  contacts  the  contact  rating  is  75  Amperes  at 
24  Volts  DC.  (The  /offer  arrangement  with  the 
alloy  contacts  is  known  as  the  CNS  type.)  The  con- 
tact arrangement  is  single  pole,  single  throw, 
double  break,  normally  open  or  normally  closed. 
The  new  design  incorporates  molded  Bakelite  insu- 
lotion,  greater  electrical  clearance  and  over-all 
Improved  mechanical  structure.  Available  in  AC 
or  DC.  Complete  data  on  request. 

Hoight:  length:  2 Vf  Width:  2" 


The  Allied  4-pole,  double-throw  BN  type  embodies 
many  new  improvements  for  heavy  duty  6-pole 
switching  . , . permits  individual  adjustment  of 
contacts.  Molded  Bakelite  is  used  throughout  the 
relay.  Contacts  ore  rated  at  10  Amperes.  As  in  all 
Allied  relays,  the  BN  is  designed  for  compactness 
end  minimum  weight.  May  be  furnished  normally 
open  or  normally  closed  or  double-throw.  Avail- 
able In  AC  or  DC.  Weighs  1 1 oz.  Write  for  com- 
plete operating  character istics,  etc. 

Height:  2 9/16"  length:  3"  Width:  1 23/32" 


The  two  -eloys  described  above  ere  typical  examples  of  the  many  new  types  o* 
'days  Allied  is  constantly  aes  gning  for  its  customers'  widely  diversified  requirements 
Allied  s engineering  staff  continually  works  to  improve  relay  designs  and  to  de- 
velop new  magne'ic  control  devices  for  present  and  future  manufacturers  whose 
products  require  electrical  control.  The  highly  practical  accumulated  knowledge  of 
’hese  men  is  at  your  command.  Send  us  your  control  problems! 


ALLIED  CONTROL  COMPANY,  INC. 

2 EAST  END  AVENUE  lot  79th  Street)  NEW  YORK  21.  N Y 

t * C TORI  ES  NEW  YORK  CITY  - PLANTSVIllt  CONN 

....  cniJTH  HOPE  STREET  • LOS  ANGELES  15.  CALIFORNIA 
ALIIED  CONTROL  CO  OE  CALIFORNIA.  INC  • '633  WWH  "O  E . CHICAGO  .1  ILLINOIS 

ALLIED  CONTROL  COMPANY.  INC  • 43?1  NORTH  knua 


^CTRONICS  — September 


Digitized  by " 


VHF  RADIO  RANGES 


(contlniMd) 


* 

A 

0 

s 


CO-AXIAL 

CONNECTORS 


FOR 

50  AND  70  OHM  LINES 


MANUFACTURERS  OF 


ELECTRONIC 
EQUIPMENT  PARTS 

• TERMINAL  STRIP 
ASSEMBLIES 

• ANTENNAE 

• TRANSMISSION 
LINES 

• RADAR 
ASSEMBLIES 

• ALIGNMENT 
TOOLS 


• SPECIAL 
EQUIPMENT 

• WAVE  GUIDES 


For  Complete  Details 
Write  for  Catalog 


KINKS  KMCTRONIfS  (lO. 

372  CLASSON  AVE. 
BROOKLYN  5,  N.  Y. 
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pair  at  an  exact  right  angle,  the 


the  true  north  direction  with 
clockwise  rotation  of  the  pattern. 

The  total  signal  consists  of  a 
carrier  which  is  amplitude-modu- 
lated so  that  the  phase  of  the  modu- 
lation is  directly  equal  to  the 
azimuth  angle.  The  carrier  ia 
further  modulated  by  the  reference  : 
phase  subcarriers.  These  may  be 
separated  in  such  a way  as  to  leave 
the  above  result  unaffected.  i 

Receiving  Equipment 

The  receiver  is  a conventional 
vhf  superheterodyne  up  to  and 
including  the  second  detector.  At 
this  point,  a filter,  separates  y 
the  10-kc  subcarrier,  and  another 
detector  separates  the  reference 
phase  voltage  from  the  modulated 
subcarrier.  The  reference  voltage 
is  then  amplified,  split  in  phase,  ia 
and  applied  to  the  two  primary  j\ 
windings  of  a magnetic  phase 
shifter.  The  output  of  the  phase 
shifter  feeds  a wattmeter  circuit  ; 
together  with  a voltage  derived 
from  the  variable  phase  signal  ; 
The  indicating  element  of  the  watt- 
meter circuit  is  a standard  aero- 
center  meter  which  is  used  in  air- 
craft as  the  course  indicator. 

A circular  scale  on  the  phase 
shifter  is  graduated  in  degrees 
from  zero  to  860  and  an  indicating 
pointer  is  attached  to  the  rotor  . 
shaft  After  the  station  ia  tuned 
in,  the  phase  shifter  is  rotated 
manually  until  the  pointer  is  cen- 
tered. The  azimuth  from  the  sta-  j 
tion  is  then  read  from  the  scale  i 
on  the  phase  shifter. 

Indicators 

A course  along  the  azimuth  line  i 
may  then  be  flown  by  reference 
the  zero-center  meter,  which  will 
indicate  deviations  from  the  course  i 
by  deflections  in  the  corresponding  I 
directions.  When  courses  are 
flown  along  lines  which  do  not  pass 
through  the  station,  a continuous  ' 
check  on  azimuth  from  the  sta  io 
may  be  maintained  by  keeping 
meter  centered  by  manual  adjus 
ment  of  the  phase  shifter. 

The  azimuth  may  be  indl]cat” 
automatically  and  continuously 
a means  similar  to  that  used  wi 
automatic  direction  finders.  u 
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INSULATION 


BH  SPECIAL  TREATED 
V FIBERGiAS  SIEEVING 
'v  Top*  fn  Etoctric  Iron*! 

11  * Won'1  Fray  When  Cut 

il  * Flexible  and  Strong 
It  ll‘  i • Non-Burning 

JVtl-'l  to  1200°FI 


What  does  it  mean  to  you  when  Mrs.  Smith’s 
electric  iron  goes  phht?  If  electrical  insula- 
tion is  a part  of  your  product,  whether  it’s  ap- 
pliance, radio  or  electrical  equipment,  you,  like 
the  iron  manufacturer,  run  this  risk.  The  risk  of 
insulation  failure — of  inconveniencing  customers, 
jeopardizing  good  will,  and  possibly  losing  sales. 

Since  your  product’s  performance  may  depend 
on  a few  cents  worth  of  insulation,  be  sure  to  use 
the  best.  Assure  trouble-free  service  with  BH 
Fiberglas  Sleeving,  the  original  non-fraying, 
non-stiffening,  non-burning  Fiberglas  sleeving. 


An  exclusive  BH  process  combines  permanent 
freedom  from  hardening,  cracking  or  rotting  with 
the  many  advantages  of  Fiberglas  — including 
high  dielectric  and  tensile  strength,  resistance 
to  moisture,  oil,  grease  and  most  chemicals. 

Severest  wartime  uses  prove  beyond  question 
the  superior  qualities  of  all  three  BH  Fiberglas 
Sleevings  in  electrical  applications  for  home  and 
industry.  One  of  them  may  fit  your  needs  to  a 
“X” — plus!  Write  for  free  BH  samples  today 
and  put  them  to  the  toughest  tests  your  product 
can  dish  out! 


\ 


products 


Dept.  E Conshohocken,  Penna 


BH  EXTRA  FLEXIBLE  FIBERGLAS  SLEEVING  • BH  SPECIAL  TREATED  FIBERGLAS  SLEEVING 
BEN-HAR  COATED  FIBERGLAS  SLEEVING 


AISO  SLOW-BURNING  IMPREGNATED  MAGNETO  TUBING  ■ SLOW-BURNING  FLEXIBLE 
VARNISHED  TUBING  • SATURATED  SLEEVING  • A.  S.  T.  M.  SPECIFICATIONS 

BENTLEY,  HARRIS  MANUFACTURING  CO 
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5200  FRAME  MOTOR 

1/4  HP  at  1625  RPM 


This  motor  was  the  answer  to  a customer’s  question  . . . 
"Will  you  design  a totally  enclosed  dual  motor  unit  to 
drive  our  warehouse  trucks?"  Today  Type  5230  motors, 
thousands  of  them,  are  wheeling  industrial  loads.  Such 

engineering  service,  instantly  available,  may  also  solve 
a difficult  motor  problem  for  you. 


5200  frame  motors 

Output,  Con.  (H.p.) 

Torque  at  3900  RP* 

Torque  of  U25  R™ 

Lock  Torque 
Volts  Input 
Volts  inPot 

Diamete* 
length  les*  shot' 

Shaft  Dio 
Weight 


10 

160 

6 

110 
5 Vi* 
9" 

yr 

24 


ELECTRICAL 

Series,  shunt,  or 
compound-wound 
Unidirectional  or  reversible 
Optional  torque 
Optional  speed 
Optimum  efficiency 
For  control  circuits 
Electric  braking  optional 

MECHANICAL 

Ventilated  or 
enclosed  types 
Base  or  flange  mounting 
Operation  in  any  position 
Low  space  factor 
Ball  bearing  equipped 
Optional  shaft  details 
Rugged  construction 


1 

I 

I 

1 

I 

I 

1 


Ell© ©Kip [IMS**  ISOl  W.  Congress  St.,  Chicago,  U.S.A. 

DYN AMOTOR5  • D.  C.  MOTORS  • POWER  PLANTS  • CONVERTERS 

f»po,l  Ad  «ur.mo,  89  Broad  St..  Ne~  York.  U.  S.  a Cable  Aa t.emo  Here  York 
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an  indicator  is  now  available  com- 
mercially  which  operates  on  400 
cycles.  A similar  instrument  is 
being  developed  to  operate  on  sixty 
cycles  for  the  omnidirectional 
range. 

Advantage* 

At  present,  the  omnidirectional 
range  has  an  overall  accuracy  of 
approximately  three  degrees.  This 
compares  very  favorably  with 
accuracies  obtainable  in  any  range 
or  d-f  system  suitable  for  use  over 
moderate  distances  and  providing 
at  least  on  and  off  course  indica- 
tions over  the  entire  360  degrees. 

The  omnidirectional  range  is  an 
improvement  over  any  device  so 
far  proposed  in  that  it  provides  a 
continuous  indication  of  azimuth 
in  all  directions  without  ambiguity. 
When  used  together  with  a dis- 
tance indicator,  a continuous  indi- 
cation of  position  is  obtained  which 
completely  solves  the  navigation 
problem. 


Use  of  Shunt  Diode  for 
Supplying  Bias  Voltage 

It  is  an  unfortunate  fact  that 
radio  men  in  general  do  not  recog- 
nize the  full  potentialities  of  the 
shunt  diode.  In  the  two  bias  sup- 
plies to  be  described,'  shunt  diodes 
are  used  for  rectification  with  at- 
tendant advantages. 

The  conventional  bias  supply  for 
amplifier  use  is  shown  in  Fig.  1-  I® 
this  circuit,  a diode  (usually  a 


Fig.  1— Conventional  melhod  oi  obtain- 
ing bias  from  tbs  high-voltage  vWW 

of  the  power  transformer 


6X5)  is  reversed  and  used  as  a 
half-wave  rectifier  for  negative  out- 
put. Because  the  heater-cathode 
rating  will  usually  be  exceeded,  n 
is  necessary  to  use  a separate 
heater  winding  which  frequently 
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Waldes  Truarc  expands  or  contracts  without  distortion 
and  without  permanent  set,  fitting  tight  all  around  the  groove. 

It  offers  Important  advantages  over  shoulders,  nuts,  collars, 
etc.,  for  all  thrust-load  fixings  In  shaft  and  housing  applications. 

It  saves  space,  weight,  assembly  time  and  machining  costs. 

Waldes  Truarc  presents  a significant  advance  In  retaining  rings,  well 
worth  your  thorough  Investigation.  We  will  gladly  furnish 
samples  and  full  data  for  tests,  upon  request.  0.<fn- «». 


• Internal  type  National  Aircraft  Standard  50. 

• Kxternal  type  National  Aircraft  Standard  51. 


WALDES  KOHINOOXI,  INC.  l.b,  »..»<.  ci.r.  N.T. 

Cuutlu  ItytuxUUm:  tata  Fnfrm  k EUfUMrUg  CvpnlUa,  Ul,  71-74  StatUri  Stmt,  Taral* 
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deltabeston 

radio  hook-dp  wires 

Designed  For  Electronic  Devices 


G-E  Deltabeston  Radio  Hook-up  Wires  are  designed 
specially  for  producers  of  electronic  equipment. 
These  wires  are  used  extensively  for  airborne 
and  ground  radio  communications,  as  well  as  other 
closely  associated  applications.  G-E  Deltabeston 
is  constructed  to  provide  excellent  protection 
against  flame,  heat,  cold,  moisture,  fungi  and  most 
corrosive  vapors.  All  low-voltage  types  are  fully  I 
approved  under  the  Joint  Army-Navy  Specifi-  j 

cations  JAN-C-76.  a 

Here  are  only  a few  of  the  many  physical  M 
and  electrical  tests  to  which  we  subject  Delta-  M 
beston  to  help  provide  trouble-free  service:  | 

IHwrt  Resistoaca  Test  Deltabeston  is  wrapped 

i round  a mandrel,  baked  at  121  C for  one  f 
hour,  immersed  in  water  and  successfully  t 
withstands  a test  of  2000  volts.  L 

Heat  mi  Heoridfty  Test  Deltabeston  is 
tested  to  determine  the  suitability  of 
the  insulation  when  subjected  to  con-  H 
ditions  of  high  heat  and  moisture. 

CeM  Bead  Test  Deltabeston  is  sub-  MjMj 
jected  to  minus  40  C for  at  least  four  jS||| 
hours.  While  at  this  temperature,  it 
is  bent  around  specified  mandrels 
immersed  in  water  where  it  with-  Rgjj 
stands  a minimum  potential  of 
2000  volts.  jSpjSBsff 

Dielectric  Test  Deltabeston  1000-  B 
volt  rms  Radio  Hook-up  Wires 
are  tested  for  high  quality  and  epgiWjw 
uniformity  of  insulation  by 
passing  them  through  a high  : . 

potential  test  at  5000  volts, 

60  cycles.  Deltabeston 
Hook-up  Wire  3600-volt 
rms  is  spark  tested  at 
10,000  volts. 


For  complete  information,  write  to  Section  Y956-119,  Ap- 
pliance and  Merchandise  Department,  General  Electric  Co., 

Bridgeport,  Conn.  Ml  Deltabeston  Wires  and  Cables  are  dis- 
tributed nationally  by  Graybar  Electric  Co.,  General  Electric 
Supply  Corp.  and  other  G-E  Merchandise  Distributors. 

WAR  BOIWDI  A1ID  KEEP  THEM 
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SHUNT  diodes 

?eans  an  extra 
former.  Then,  bet 
across  the  input  f 
often  too  high,  it 
! b>’  If  we  wanl 
volts  or  less  of  bias 
We  must  have  an 
Ping  resistor  i 
power  resistors,  wh 
wasted  and  a lot  ol 
The  circuit  of  ] 
shunt  diode  wit] 
grounded,  so  there 


Fig.  2— At  A U a die 
bias  with  a shunt  dio 
acts  in  conjunction  wi 
sistor  to  form  a Toltagi 
only  on#  bias  Toltago 
circuit  shown  at  B s 


heater  supply.  The 
directly  across  the 
capacitor  and  the  dro 
is  eliminated.  The  ca 
at  low  voltage  so  thei 
not  be  high.  The  entir 
is  accomplished  in  the 
tor  C with,  obvious! 
power  and  no  heat. 

For  an  output  of 
about  eight  milliaitip* 
grid-voltage  control  pi 
or  other  load),  C will  b 
of  0.1  gf.  It  wiU  vary 
quency  and  load  requ 
separate  bias  voltages 
quired,  the  load  (whicl 
grid  return  to  ground; 
moved  from  the  outp 
and  placed  across  « 
shown  in  the  alterna 
Fig.  2B.  The  grid  retu 
nected  to  the  filter  ou 
the  filter  is  then  unload 
provide  even  better 
The  circuit  of  Fig- 
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You  can  recom- 
mend Oster  Mo- 
tors with  full 
assurance  that 
they  will  live  up 
to  the  world- 
wide reputation 
of  pre-war  Oster 
• ppl  i an  ces, 
Oster-powered. 


Temperature  Rise:  55°C.  maximum  frame  tem- 
perature rise  at  rated  output. 

Modification:  Motors  can  be  furnished  with 
special  shaft  extensions,  mounting  arrange- 
ments, finishes,  leads,  etc. 

Let  us  help  you  fit  this  and 
other  Oster  Motors  to  your  re- 
quirements. 


guf  WAR  BONDS 


*J4 


John  Oster  Manufacturing  Co. 


to  operate  dependably  in 
marine,  aircraft,  electronic, 
and  similar  applications  . • . 
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WITH  #3  l-R  TURBO  TYPE  BLOWER 


F-9A-3 


F-y-45 


115  A.C.  60  CYC. 


27  D.C 


Input 


6000 


6000 


Clockwise  Driv  End 
200 


Clockwise  Drive  End 


Torqut  in 
Torque 


300  — 400 


W2  TAR 

J HOIK  ON  U 3V 

UK'  1 C T0*  MOUNTING  FAN  . 
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In  planning  your  post-war  product,  it  is  well  to 
remember  the  design  and  operating  advantages 
of  this  Oster  blower  motor.  Although  it  has  been 
especially  designed  for  use  in  the  marine,  aircraft, 
and  electronic  fields,  it  may  have  qualities  that  fit 
your  particular  product.  Check  these  features: 


Housing:  Die  cast,  zinc  field  housing  and  alu- 
minum end  brackets.  Totally  enclosed. 


Finish:  Black  baked  enamel. 


Weight:  5 lbs. 


Bearings:  Single  shielded  ball  bearings  lubri- 
cated with  a grease  suitable  for  any  specific 
application.  Bearing  housings  fitted  with  steel 
inserts. 


Windings  and  Insulation:  Field  coils  and  arma- 
ture wound  with  a select  grade  of  insulated  cop- 
per wire  and  impregnated  with  a high  quality 
heat  and  moisture  resisting  insulating  varnish. 


Mounting:  Available  with  either  base  mounting 
or  machined  pads. 


Brushes:  Metal  graphite  or  electro,  graphite 
brushes  of  ample  size  to  assure  unusually  long 
brush  life.  Phosphor  bronze  or  beryllium  cop- 
per brush  springs. 
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The  makers  of  temperature  responsive 
controls — now  playing  an  indispensable 
part  in  winning  the  war — will  take  an 
even  greater  part  in  building  a better 
postwar  world. 

The  demands  of  Industry  for  devices 
to  control  processes,  to  assure  exact 
temperatures,  to  protect  machines  or 
motors  against  heat  or  stress — 

The  demands  of  Transportation  for 
proper  temperatures  in  both  passenger 
cars  and  in  freight-cars  carrying  perish- 
able goods,  as  well  as  for  giving  the 
“green  light”  to  over  500,000  miles  of 
rails,  24  hours  a day — 

The  similar  demands  of  aviation,  and 
even  of  our  private  automobiles,  in 
which  there  are  now  more  than  16  ap- 
plications of  bimetal  control;  and  the 
insistent  demands  of  our  homes  for 
more  and  better  automatic  home 
appliances — 


From  all  these  sources  the  builder  of 
thermostatic  controls  may  confidently 
expect  a flood  of  orders  when  peace 
comes  again.  And  in  addition,  he  may 
rely  upon  many  new  developments  in 
which  Chace  Thermostatic  Bimetals  can 
profitably  be  used.  Over  20  years  of 
Chace  experience  will  be  at  his  command. 


* 

* 
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novel  sales  policies  . . . Tl.cdnrson  looks  forward  to  supplying 
,he  expanding  demands  of  the  radio  and  electronic  industries. 
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MODEL  39-VTF,  Series  A,  a new  devel- 
opment of  J-B-T  engineers;  measures  fre- 
quencies in  six  specific  bands  with 
accuracy  of  =fc  0.25%  of  the  frequency 
being  .measured,  and  with  sufficient 
amplitude  to  be  easily  read. 

Vacuum  tube  multivibrator  circuits  di- 
vide the  incoming  frequency  by  1, 2, 3, 4. 
6 or  9,  depending  on  the  position  of  the 
multiplier  switch,  and  show  the  result 
on  the  time-tested,  standard  400  cycle 
meter. 

Regular  line  current  is  used  for  power 
supply,  permitting  an  input  sensitivity 
of  500,000  ohms.  Response  is  not  affected 
by  irregular  wave  form,  nor  by  harmonic 
content  of  unknown  frequencies  of  less 
than  10%  or  15%  . . . and  input  control 
permits  use  from  100  to  350  volts. 

The  result  is  an  instrument  of  high  accu- 
racy and  high  stability  with  permanent 
calibration  . . . especially  useful  for 
checking  audio  oscillators,  frequency 
converters,  radar  equipment,  and  for 
standardizing  less  accurate  frequency 
measuring  units. 


&t*ck  "Tits*  Point! 

-EXTREME  ACCURACY 

...within  ± 0.25%  oi  frequency 
being  measured. 

• PERMANENT  ACCURACY 

...  no  furthar  calibration  or 
standardization  required  at  any 
time. 


• STABILITY... no  lamparatuia 
drift  afiar  IniUal  30  aacond 


warm-up. 


• BURN-OUT  PROOF  ...  no 

protaction  naadad  against  acd- 
dantal  above-range  frequencies. 

• SENSITIVITY  . . . 500,000 


* SIMPLICITY. . . uaaa  standard 

tubas. 

• POSITIVE  SWITCHING. . . 


built-in  switch  is  1-B-Ti  own 
ruggad.  coin-ail  ver  platad  in- 
strument switch,  as  supplied  for 
high  quality  tasters. 


Maw  Hooklot. , . Just  off 

press,  illustrates  other  types  of 
J-B-T  Vibrating  Read 
Frequency  Meiers. 

Ask  for  Bullstin  iXO.I 
VF-43-1C.  U DJ. 
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#th  American  Philips  is  one  of  the  few  manu- 
1 ftcturers  of  electronic  tubes  endowed  with  the  skill 
Itiperience  required  for  the  mass  production  of 
|5]P1  and  similar  cathode  ray  tubes. 

- deflection-plate  terminals  of  these  tubes  are 
■ out  at  the  neck  of  the  glass  envelope  to  pro- 
* higher  insulation  and  lower  lead  capacitance  at 
T high  frequencies. 

pi  the  manufacturing  procedure  the  tubes  are 
>1  the  neck,  the  deflection-plate  leads  bent 
f ®d  the  envelope  sections  rejoined  on  a glass- 
g lathe,  as  illustrated.  During  this  operation  the 
S are  maintained  at  a high  temperature  to  prevent 
Information ofwater  vapor  on  the  fluorescent  screens. 
|The ability  to  produce,  in  volume,  norelco  cathode 


ray  tubes  that  meet  exacting  specifications  is  the  result 
of  experience  gained  by  an  organization  with  a back- 
ground of  over  half  a century  of  research  and  develop- 
ment in  the  electrical  field. 

The  facilities  which  North  American  Philips  has 
applied  to  the  manufacture  of  electronic  tubes  in 
wartime  will  he  immediately  available  for  the  post- 
war production  of  cathode  ray  tidies  for  direct  viewing 
and  projection  television. 

V V V 

Write  today  for  interesting  booklet  on  "How  and 
Why  Cathode-Ray  Tubes  Work.” 

When  in  New  York,  be  sure  to  visit  our  Industrial 
I Jectronics  Showroom. 


OTHER  PRODUCTS:  Quartz  Oscillator  Plates;  Searchray  (Industrial  it 
Diffraction  Apparatus;  Medical  X-ray  Equipment,  Tubes  and  a—  ay)  APParatus  V „ 

Molybdenum  Products;  Fine  Wire;  Diamond  Dies.  Accessories;  Tungsten  anj 

mlcO  Electronic  Products  by  NORTH  AMERICANPHILIPSCOMPANY,  INC 

l.  h • b.i  AM  Factories  in  Dobbs  Ferry,  N.  Y.;  Mount  Vernon,  N.  Y.  (Metalix  D ? ^ V. 

"i, 
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RADIO  MEN! 

The  first  time  you  listen  with  Murdock  Phones,  you  know 
that  here  is  clear  reception  with  perfect  comfort  — and  this 
is  why: 

1.  MURDOCK  "predsioneering"  brings  the  message  through 
naturally — without  strain,  chatter  or  distortion. 

2.  MURDOCK'S  "solid-built"  durable  construction  protects  the 
fine,  sensitive  adjustments  from  shock. 

3.  MURDOCK'S  "air-cushioned"  phones  provide  long  listening 
without  head  discomfort. 

4.  MURDOCK'S  ventilation  means  cool  comfort— prevents 
condensation. 

5.  MURDOCK'S  two-way  adjustment  controls  position  for 
smoother  performance. 

Murdock's  entire  factory  is  now  working  for  Uncle  Sam. 
But  as  soon  as  victory  is  won,  Murdock  men,  machines  and 
materials  will  resume  their  peacetime  position  as  a leading 
manufacturer  of  radio  phones,  telephone  and  electrical 
specialties  for  civilian  use. 

Woe  for  that  peace  new.  Write  today  for  new  catalog. 

MANUFACTURERS:  We  re  at  your  service  to  help  you 
turn  out  more  Radio  Phones  and  related  parts.  Our 
organisation  has  had  40  years'  experience.  Write  us 
today. 


|WM.  I.  MURDOCK  CO 

' ' Carter  St.,  Chelsea  50,  Mass. 
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ly  days  of  radio,  when 
crystal  was  painstak- 
®Bd  ground  by  hand,  a 
_*m  bom.  It  was  a tradi- 
that  has  grown 
EJtua— a tradition  that 
engineers  have  successfully 
into  the  more  intricate 
of  volume  production. 


Etched  crystals  are  an  outstanding 
discovery  and  development  of  Bliley 
research  engineers.  This  technique,  by 
means  of  which  crystals  are  finished 
to  frequency  by  acid  action  rather  than 
abrasive  action,  was  an  established 
part  of  Bliley  production  long  before 
Pearl  Harbor.  It  has  since  proven  to 
be  an  essential  element  in  the  manu- 
facture of  crystals  that  have  the  depend- 
able characteristics  necessary  for  mili- 
tary communication  in  global  warfare. 

We  have  been  called  upon  to  solve 


some  knotty  problems.  But  that  is 
nothing  new  at  Bliley.  It  has  been  our 
habit  to  parallel  new  developments 
in  radio  with  the  right  crystal  for 
each  application. 

Things  will  be  different  soon.  Peace- 
time projects  will  again  come  first. 

But  our  engineers  and  craftsmen  will 
be  ready,  as  always,  with  the  right 
answer  to  your  requirements.  Don’t 
fail  to  include  Bliley  crystals  in  the 
component  specifications  for  your 
peacetime  equipment. 
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thus  far  available  to  industry  have 
been  in  the  chemical  class.  Coal 
and  oil,  for  example,  are  useful 
to  us  because  they  are  unstable 
chemical  substances  which  can  be 
ignited  and  which  thereafter  will 
continue  to  furnish  heat  until  they 
are  consumed,  provided  they  are 
kept  in  a suitable  burner  or  fur- 
nace. The  burning  process  in  ordi- 
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Facte  About  Atomic  238 

Pula*  Emission  Characteristics  of  Oxide  Cathodes 270 

Navy  Radio-Technician  Training. . * 278 

Decibel  Calculator  294 

Generation  of  Millimeter  Wavelengths 298 

Facts  About  Atomic  Power* 

The  practical  man  in  engineer- 
ing is  usually  somewhat  skepti- 
cal of  the  endeavors  of  his  brothers 
in  the  pure  sciences.  To  him  the 
problem  of  designing  and  maintain- 
ing a modern  communication  sys- 
tem, for  example,  is  far  more  vital 
than  the  knowledge  that  mass  and 
energy  are  different  aspects  of  the 
same  thing.  But  the  practical 
engineer  who  has  read  the  history 
of  technology  knows  that  the  theo- 
retical postulates  of  science  may 
turn  out  to  be  of  the  greatest  prac- 
tical importance.  Knowledge  pur- 
sued for  its  own  sake  has  time  and 
again  declared  a big  dividend. 

An  excellent  example  of  such  cor- 
porate finance  in  the  scientific 
world  is  now  before  the  public  eye, 
so  much  so  in  fact  that  the  story 
appeared  on  the  front  page  of  the 
New  York  Times — at  a time  when 
the  ordinary  affairs  of  men  have 
been  consistently  relegated  to  the 
inside  pages.  The  story  is  the 
isolation  of  the  isotope  of  uranium 
whose  atomic  weight  is  235  and 
whose  symbol  is  U”. 

U*“  appears  to  be  the  first  true 
atomic  fuel  discovered,  and  al- 
though its  practical  importance  in 
the  affairs  of  men  at  present  is 
precisely  nil,  its  potentialities  are 
sufficient  to  fire  the  imagination  of 
anyone  whose  background  permits 
them  to  understand  the  facts  in  the 
case.  The  readers  of  Electronics 
fall  in  this  class,  hence  your  editors 
have  sought  out  the  factual  refer- 
ences in  the  matter,  and  have  at- 
tempted to  separate  the  actualities 
from  the  guesswork  and  the  wish- 
ful thinking. 


nary  fuel  is  essentially  a release 
of  chemical  energy  which  accom- 
panies the  reorganization  of  file 
molecules  in  the  fuel.  Thus  the 
hydrocarbon  molecules  of  coal, 
when  burned,  become  separated 
into  water,  free  carbon,  carbon 
dioxide,  ash  and  other  combustion 
products.  The  energy  freed  in  the 
process  results  from  the  re- 
shuffling of  the  atoms  and  the 
outer  electrons  of  the  atoms  con- 
cerned. The  nucleus  of  each  atom, 
however,  remains  unchanged. 

For  some  time  the  physicists 
have  known  that  an  entirely  dif- 
ferent kind  of  fuel  lies  within  the 
range  of  scientific  discovery.  That 
fuel  is  the  atomic  fuel,  in  which 
great  amounts  of  energy  can  be 
liberated  from  within  the  nucleus 


What  Is  an  Atomic  Fuelf 


It  need  hardly  be  said  that  mod- 
ern technology  depends  upon 
sources  of  power,  and  that  sources 
of  power  depend  on  fuel,  either 
directly  or  indirectly.  The  fuels 

• Reprinted  from  Blbctbohico,  July  19-10. 
p.  It. 


The  "match"  for  atomic  fuel.  Neutrons  generated  in  this  huge  cyclotron 
at  Columbia  University  were  used  to  irradiate  the  eample  of  U2SB  isolated 
at  the  University  of  Minnesota,  The  neutrons,  slowed  down  by  passage 
through  paraiiln,  induce  Instability  in  the  uranium  atoms,  causing  them 
to  explode  with  tremendous  energy.  Thereafter  the  uranium  isotope.  “ 
available  in  sufficiently  pure  form,  will  maintain  its  own  "combustion 
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MODEL  JOl 
AXIAL  FLOW 
BLOWER  » 


SINGLE  PHASE 

CITOR  INDUCTION  MOTOR 

■ 400  cycles  • 1 15  volts  • 0.02  rated  H.P. 

. Continuous  duty  os  axial  fan  drive, 
for  general  use  • starting  torque  2.25 
power  factor  . U>  "«•  caPod,or 
eight  of  unit  15  oz. 


DELIVERY  (FREE  AIR) 
375  C.F.M.  (NEMA  CODE) 
140  C.F.M.  (NAFM  CODE) 

400  cycles  *115  volts  • 6500  RPM 
50  watts  input  • 1.0  mfd.  condenser 
required  • starting  torque  2.25  oz. 
in  • 80%  power  factor  • weight  of 
unit  16  oz.  Fan:  4 blade  .propeller 
type,  4-inch  diameter. 

We  invite  inquiry! 
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EASTERN  AIR  DEVICES  INC 

585  Dean  Street  . Brooklyn  Jy  N * 

An  Affiliate  of  The  Fred  Goaf  Co  t r ' ' *1 
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Since  its  development  in  1935  the  Ballantine 
Electronic  AC  Voltmeter  is  the  only  instrument  of 
its  kind  with  a Simplified  Logarithmic  Scale . 

The  important  feature  of  logarithmic  scale  in- 
dication in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1 as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi- 
range instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 
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Not  merely  an  assembler ...  the  Wilcox  plant  is  equipped  and 
staffed  with  skilled  craftsmen  to  make  most  all  the  parts  of 
radio  control,  transmitting  and  receiving  equipment,  from 
microphone  to  antenna.  Every  product  is  "Wilcox  all  the  way” 
-from  the  engineer’s  blue  print  and  precision  fabrication  of 
sheet  metal  to  the  final  assembled  units.  Where  the  name 
Wilcox  appears,  dependable  quality  is  assured... in  radio  com- 
munications for  ground  stations  and  aircraft,  police,  public 
address  systems  and  associate  equipment* 


WILCOX  ELECTRIC 
COMPANY,  INC. 


uipment 

Kansas  City  1,  Missouri 
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A NEW  KINO  OF 
RADIO  PUSH-BUTTON 


The  prewar  push-button  station  selector  was  a 
great  improvement  over  dial-tuning  of  radio.  But 
jabbing  forefingers  soon  jolted  it  off  the  station 
frequency. 

The  public  wants  that  cured. 

Crystal-tuning  will  cure  it. 

We  have  developed  a circuit,  using  four  crystals, 
easily  interchanged,  so  that  the  major  local  sta- 
tions can  be  tuned  accurately,  exactly  on  frequency 
— and  as  long  as  the  set  itself  keeps  in  working 
order.  The  crystals  cannot  change  frequency. 
They  cannot  go  off.  Critical  war  use  of  Pan-El 
Control  Crystals  has  demonstrated  this,  fully. 

We  are  ready  to  discuss  prices,  and  to  produce 
in  quantities,  on  any  schedule  you  may  require, 
to  any  specifications  you  may  establish,  however 
difficult.  Our  engineers  will  gladly  collaborate 
with  yours  on  any  electronic  use  of  control  crystals. 


PAN-ELectronics  LABoratories,  Inc. 

500  Spring  St.,  N.  W.  Atlanta,  Georgia 


low  energy,  corresponding  to  an  ■ 
electric  potential  of  roughly  1/40 
of  a volt.  Moreover,  when  the  IP* 
nucleus  flies  apart,  from  to  2 to  3 _ 
neutrons  are  generated  in  the 
process.  These  neutrons  may  go  • 
off  in  turn  to  “set  off”  and  cause 
the  disruption  of  other  nearby  IP* 
nuclei.  Thus  the  conditions  for  a 
“chain  reaction”  are  available,  and 
the  atomic  combustion  may  be  made 
self-supporting.  But  the  chain 
reaction  cannot  occur  if  the  atoms 
of  IP”  are  diluted  by  stable  atoms 
of  uranium  such  as  IP”,  any  more 
than  pulverised  coal  can  be  made 
to  burn  if  it  is  mixed  with  a high 
percentage  of  sand  or  some  other 
non-combustible  material.  Hence 
the  need  to  obtain  IP”  in  pure,  or 
nearly  pure,  form. 

In  natural  uranium,  the  two 
principal  constituents  are  U”  and 
IP”,  which  occur  in  the  ratio  to  1S9 
U“  atoms  to  every  IP”  atom.  Thus 
the  active  component  IP”  is  so 
heavily  diluted  by  the  inactive  com- 
ponent that  the  atomic  combustion 
cannot  be  self-supporting  until  the 
IP”  is  separated  from  the  combina- 
tion. IP”  and  IP”  are  identical 
chemically,  hence  cannot  be  sepa- 
rated by  chemical  methods.  The 
only  difference  on  which  separation 
can  be  accomplished,  so  far  as  is 
now  known,  is  the  difference  in 
their  masses,  and  this  difference  is 
only  3 parts  in  235,  or  less  than 
two  percent.  Here,  then,  is  the 
rub.  Can  a simple  and  economical 
means  be  found  to  separate  U* 
from  U”?  If  so,  a new  fuel  is 
available  which  has  the  virtue  of 
being  highly  concentrated,  and 
which  may  compete  with  coal  or 
oil  on  a price  basis,  provided  the 
several  economic  and  technical  ques- 
tions are  satisfactorily  answered. 

A very  interesting  analysis  of 
the  problem  has  been  worked  out 
by  Roberts  and  Kuper.'  They 
point  out  that  IP”  supplies  about 
200  million  electron  volts  of  energy 
per  atom,  whereas  coal  supplies 
4 electron  volts  of  energy  per  atom. 
The  ratio  of  energy  is  then  50,- 
000,000-to-l  on  an  atom  basis.  By 
a weight  basis,  if  we  compare  coal 
with  uranium  oxide  as  raw  mate- 
rials,  this  ratio  must  be  divided 
by  the  relative  concentration  o 
U”,  1 in  139,  and  by  20  to  account 
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-'s  o new  clomp  that  meets  the  needs  of  many  industries  ...  a clamp 
solves  scores  of  problems  quickly  and  economically! 

iew  Diamond  G MULTI-CLAMP  instantly  FITS  and  HOLDS  rubber  hosing, 
vi  pipe,  tubing,  cables  and  other  equipment  in  a vise-like  grip.  No 
1th  no  screw-driver,  no  disassembling  necessary.  The  patented  worm- 
seif-locking  screw  assures  uniform  instant  adjustment.  Each  standard 
P-CIAMP  covers  a wide  range  of  sixes  and  adjustments.  Continuous 
"•action''  solid  band  prevents  leakage  or  unequal  pressure  at  any  point! 

Diamond  G MULTI-CLAMP  is  corrosive-resistant  and  meets  current 
y-Navy  specifications.  It  can  be  used  repeatedly  and  is  practically 
structible  Mechanically  held  and  securely  welded  ...  a double  safety 
cor  special  purposes,  various  types  of  inserts,  extra  wide  bands  of 
"iastic  or  rubber  are  available. 

ve  MULTI-CLAMP  in  action  . . . for  automotive,  aviation,  railroad, 
- electrical,  hydraulic,  pneumatic,  electronic,  household  use  and 
general  plant  applications.  Sample  on  request. 


Easy  to  Install  — no  disassembling 


Douois!  Safety  Feature  -me- 
Chemically  held  and  welded 


PRODUCT 


ATOMIC  POWER 


(conti  nutd) 


PORTABLE  POWER  PROBLEMS 


THIS  MONTH -ILG  MOTOR  TEMPERATURE  TEST 


BURGESS  INDUSTRIAL  BATTERIES  power  ohmmeters  to  determine  tempera- 
ture rise  in  fan  motors  manufactured  by  Ilg  Electric  Ventilating  Company. 
Thousands  of  industries  using  test  and  control  equipment  rely  on  Burgess 
Batteries  for  dependable  service.  Your  local  Burgess  distributor  can  fill 
your  needs  from  the  line  designed  to  meet  industrial  battery  requirements. 
For  full  information  on  the  complete  line  of  dry  batteries  write  for  the 
name  and  address  of  your  nearest  Burgess  distributor  now. 

2 OUT  OF  3 SELECTED  BURGESS  BATTERIES 

as  their  first  choice  in  a recent  nation-wide 
survey  of  manufacturer  electronic  engineers. 

If  you  require  a special  battery  for  a new 
application,  Burgess  engineers  can  solve 
your  problem  with  the  right  battery  type. 

Burgess  Battery  Company,  Freeport,  111. 

BURGESS 
BATTERIES 

LOOSE  TALK  IS  STILL  DANGEROUS I 


Recognized  as  the  MOST  COMPLETE  LINE  of  dry  batteries 
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for  the  difference  in  the  molecular 
weights.  This  gives  U1"  an  advan- 
tage over  coal  of  about  17,000-to-l,  4 

on  a weight  basis,  considering  the  I 
raw  materials.  What  about  cost?  I 
Uranium  oxide  costs  about  $2  per  I 
pound  or  $4000  per  ton,  whereas  I 
coal  costs  but  a few  dollars  per  ton.  I 
Thus  the  cost  of  energy  from  coal  ■ 
turns  out  to  be  about  8 or  9 times  1 
as  great  as  the  cost  of  an  equiva-  j 
lent  amount  of  energy  from  IF*,  T 
provided  that  the  cost  of  extracting  ■ 
the  U“  from  the  uranium  oxide  is 
completely  disregarded.  No  ac- 
count is  taken  moreover,  of  the 
available  supplies  of  uranium  com- 
pared with  coal,  and  the  trend  of 
the  costs  of  uranium  ore  which  will 
go  up  as  the  supply  dwindles,  or 
go  down  if  the  supply  lasts  and  the 
mining  methods  improve. 

The  crux  of  the  matter  seems  to 
be  the  cost  of  extracting  IF*  from 
IF”.  If  a method  can  be  found 
which  costs  less  than  l/8th  or  I/9th 
the  cost  of  coal  for  an  equivalent 
energy  production,  then  U”  is  in 
direct  competition  with  coal.  Thus  ,, 
far,  however,  any  such  extraction  II 
method  is  only  a dream.  The  grim 
reality  is  that  IF”  costs  much  more 
to  extract  than  it  is  worth  as  an 
energy  source.  No  one  knows  * 
when  an  economical  process  may  be 
found.  The  whole  world  is  look- 
ing for  it,  but  it  may  never  come 
to  light.  If  so,  IF”  is  just  a flash 
in  the  scientific  pan,  so  far  as 
atomic  power  is  concerned. 

There  remains  however  one  defi- 
nite utility  in  the  study  of  IF* 
which  may  be  realized  much  more 
immediately.  This  possibility  lies 
in  the  “ash”  which  remains  when 
IF”  has  been  “burned.”  When 
the  IF”  nucleus  splits  apart  it 
forms  two  new  nuclei  of  compar- 
able weight  (roughly  100  and  140 
units  of  atomic  weight  each).  The 
position  of  these  nuclei  in  the 
atomic  table  approximates  that  of 
barium  and  the  nearby  elements. 
Actually,  some  20  different  types 
of  atoms  have  been  identified  as 
the  “combustion  products”  of  IF*> 
and  more  will  no  doubt  be  iouot!. 
These  atoms,  moreover,  are  arti- 
ficially radioactive.  Thus  a whole 
new  series  of  radioactive  elemen 
may  be  produced  in  quantity  an 
. very  cheaply.  The  prospect  o 
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eliminating  "idle  lime"  UPPED  PRODUCTION  30% 


On  cylinder  heads  for  radial  air- 
craft engines,  dozens  of  cooling  fins 
are  required.  To  handle  this  intri- 
cate cutting  job  automatically,  a 
machine  tool  manufacturer  de- 
signed a special  fin-milling  machine 
using  conventional  constant-speed 
drive  to  rotate  the  cylinder  head. 

But  preliminary  tests  showed 
tiiat,  because  of  the  varying  depths 
of  the  cuts,  production  could  be  in- 
crea*d  if  an  adjustable-speed  drive 
was  applied  to  rotate  the  work- 
piece.  Due  to  irregular  shape  of  the 
workpiece,  the  milling  cutter  was 
“*1%  under  light  load.  At  certain 
Points  in  the  cycle,  it  was  out  of 
oontact  with  the  metal  altogether. 

«n!u*^ngll0U8e  en8ineers  were 
Ued  in  for  consultation.  Their 
recommendation:  application  of  the 


Mot-o-trol  — an  electronic  adjust- 
able-speed drive  with  accurate  load 
control  characteristics.  Through  its 
application,  rotating  speed  of  the 
workpiece  is  greatly  increased  over 
the  light-load  sections — thus  elim- 
inating “idle  time”.  Full  load  is 
maintained  on  the  cutter  regard- 
less of  the  contour  being  cut.  By 
these  improvements,  production 
was  stepped  up  qs  much  as  30%. 

This  is  typical  of  the  modern- 
izing possibilities  with  electronic 
equipment  in  countless  industrial 
tasks.  Your  nearest  Westinghouse 
office  is  ready  now  to  supply  help- 
ful assistance  and  information  on 
electronic  applications  for  your 
industry.  Westinghouse  Electric 
Corporation,  P.  O.  Box  868,  Pitts- 
burgh 30,  Pennsylvania. 

J-910M 


ouse 

OFFICES  EVERYWHERE 


ELECTRONIC  MOTOR 
CONTROL 

The  Westinghouse  Mot-o-trol 
. . . employing  Thyratron  tubes 
to  convert  a-c  to  d-c  . . . pro- 
vides wide-range  stepless  speed 
control  through  a 20  to  1 range, 
from  an  a-c  power  source.  Push- 
button control  station  enables 
operator  to  start,  stop  and  con- 
trol the  speed  while  the  machine 
is  running.  At  any  speed  setting, 
variations  in  load  cause  little  or 
no  change  in  speed. 


BiCTRONIC  EQUIPMENT  FOR  INDUSTRY  AND  HOME  . . . ELECTRONIC  TUBES 
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2014  N.  MAJOR  AVE.  • CHICAGO  39,  ILL. 
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Famous  Radio  Feature 


Commentator 


...BUT  TODAY 

For  the  exacting  measurements  and  calibrations  which 
are  desirable  in  every  phase  of  radio  and  electronic 
work,  engineers  and  production  experts  insist  upon 

MONARCH 

TESTING  • MEASURING  • CALIBRATING  EQUIPMENT 

" ■°nd  t hat’s  “nothing  but  the  truth ” 


254 


Digitized  by  Lr.ooQle 


i 


MeW  for  Peacetime  Production 


months,  we  ve  been  telling  our 

-1-  friends  in  the  trade  that  we  of  Eastern  have 
completed  our  post-war  plans  and  policies— have 
perfected  the  new  line  of  Eastern  sound  equip- 
ment. Our  peacetime  production  schedules  are  set 
up— BUT,  we  think  winning  the  war  is  more  im- 
portant! We’re  still  going  all  out  on  our  war  work, 


building  quality  units  for  the  Army  Air  Forces 

and  the  U.  S.  Navy.  However  (as  of  this  writing) , 
we're  standing  by  for  Uncle  Sam's  okay  to  start  our 
peacetime  production.  For  detailed  information  on 
Eastern’s  post-war  line,  fill  out  and  mail  the  Coupon 
today!  Eastern  Amplifier  Corporation,  794  East 
140th  Street,  New  York  54,  N.  Y. 


^ASWBN^MPLHWbSh 


lor  complete  information  on 
2“  .Post-war  line  and  the 
Ulls  of  our  proposition. 


U- 


ELECT*0NICS_ 


EASTERN  AMPLIFIER  CORPORATION,  Dept.  9-P 
794  East  140th  St.,  N.w  York  54,  N.  Y. 

W.  or.  □ JOBBERS,  □ DEALERS,  □ A SERVICE  ORGANIZATION.  □ SOUND 
SPECIALISTS.  We're  definitely  interested  in  your  post-war  line,  your  policy,  your 
proposition.  Mail  us  complete  information,  without  obligation. 
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This  new  method  for  waterproofing  ceramic  surfaces  results 
in  increased  electrical  resistance  and  improved  performance 
of  equipment  under  conditions  of  high  humidity  and  con- 
densation. Application  of  Dow-Coming  Fluid  No.  200  to 
ceramic  bodies  coats  them  with  an  extremely 
thin  film  of  silicone.  It  will  adhere  effec- 
tively even  when  immersed  for  days  in  sea 
water  and  does  not  collect  dust  or  cor- 
rode metals;  nor  will  it  react  with  organic 
materials.  It  has  a power  factor  of  the 
order  of  .005%  and  is  effective  up  to 
1 50°C.  It  also  acts  as  a neutral*  flux 
for  soldering,  and  is  not  removed 
by  contact  with  organic  solvents. 

For  further  applications  and  engi- 
neering data  write  or  phone. 


PRODUCTION  ENGINEERING  CORP. 

666  VAN  HOUTEN  AVENUE,  CEIEION,  N.J..  TEE.  PASSAIC  2-5161 


D0W-C0RNING  FLUID  #200 
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electrons  with  the  UBr*  atoms  were 
drawn  through  a slit,  accelerated  to 
about  1000  volts  energy,  then 
caused  to  move  between  the  poles 
of  a large  electromagnet  through  a 
semicircular  tube.  This  apparatus, 
a mass  Bpectrograph,  is  used  to 
separate  atoms  on  the  basis  of 
weight,  since  the  radius  of  the 
circular  path  pursued  in  the  mag- 
netic field  by  a charged  particle 
depends  on  its  mass.  After  pass- 
ing through  the  semicircular  tube, 
therefore,  the  heaviest  atoms 
(U~)  were  deflected  least  and  the 
lightest  (U“)  most.  Nichrome 
plates  were  used  to  collect  the  sepa- 
rated streams  of  ions,  which  de- 
posited as  uranium  atoms.  In  one 
run  of  10  hours  duration,  1.7  x 10'' 
grams  of  U“  were  deposited  on  one 
plate,  and  1 /139th  as  much  of  U" 
(with  small  contamination  of  U” 
also  present)  on  the  other.  On  an- 
other run  2.9  x 10"’  grams  of  U" 
were  deposited.  These  are  truly 
infinitesimal  amounts,  and  although 
the  yield  has  since  been  increased 
by  several  hundred  times,  the  iso- 
tope can  only  be  said  to  be  isolated, 
not  made  available  in  a practical 


sense. 

The  samples  of  U“  and  U”  were 
then  taken  to  Columbia  University 
and  bombarded  with  neutrons  gen-  9 
erated  in  the  cyclotron  in  the 
Physics  Laboratory  by  Booth,  Dun- 
ning, and  Grosse.  The  neutrons 
used  were  slowed  down  by  passage  - 
through  paraffin,  since  they  are 
generated  at  too  high  a velocity  by 
the  cyclotron  itself.  In  one  run, 
only  one  fission  (atomic  disrup- 
tion) in  100  minutes  was  noted  with 
U“  and  one  every  2 minutes  was 
noted  with  U“ '.  In  a second  run 
no  fissions  were  noted  within  the  . 
experimental  error  with  U”  and 
nearly  one  fission  per  minute  was 
noted  with  U”.  This  was  the 
first  experimental  evidence  re- 
ported’ that  U“  was  in  reality  the 
seat  of  the  atomic  disruptions.  The 
conclusion  was  reached  that  experi 
ments  with  the  possibility  of  a 
chain  reaction  should  be  confine 
to  U”.  This  report,  in  a letter  in 
the  Physical  Review,  was  the  sign 
for  the  newspaper  reports  whic 
brought  the  matter  to  the  atten- 
tion of  the  public. 

Physicists  at  the  General  E ec 
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America  answered  with  airplanes... 

AND  COMPLETE  RADIO  EQUIPMENT 
The  American  aircraft  industry  knows  what  Englishmen  meant  when  they 
Slid  so  many  owe  so  much  to  so  few.  For  it  was  our  aircraft  industry  that 
squeezed  out  every  available  plane  to  add  to  their  own  so  that  England 
could  fight ....  and  win  the  Battle  of  Britain  in  1940. 

at  Pacific  Division  are  proud  to  have  contributed  — not  with  radio 
equipment  alone  — but  by  designing  and  supervising  the  entire  radio 
installation  in  each  of  the  many  models  of  American  planes. 

Tiis  was  the  first  time  such  a job  had  been  done... and  it  had  to  be 
one  ln  a burry.  We  designed  complete  interphone  systems,  antennas 
"d  filters, and  engineered  each  into  a network  of  controls... that  played 
1Ur  pan  in  the  spectacular  victory  of  the  R.  A.  Fv 

Pacific  Division  will  announce  a new  line  of  peacetime  VHF 
®uaieatioa  Systems  for  industry  which  we  have  been  perfecting 
°’er  A*  P**t  three  years.  Our  experience  and  research,  which  have 
•ad  in  these  developments,  are  at  your  disposal  to  make  the 
?re»teit  possible  use  of  them  for  your  own  application.  Information  and 
'“giueering  assistance  are  available  to  you  NOW  without  obligation. 

Aviatio,,  cot,. 


""Pacific  Division 


This  control  unit  was  one  of  many 
pieces  of  equipment  built  for  inter- 
communication in  British  airplanes. 


Interior  of  Pacific  Division's  mobile 
laboratory  used  in  VHF  communica- 
tion development  program. 


To  determine  most  efficient  antenna 
for  VHF  communication  Pacific  Divi- 
sion is  testing  numerous  types. 


E ngland  \halling\ 
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SIX  VHF  EXPERIMENTAL 
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A representative  assortment  of  Miscella- 
neous and  Electrical  Instrument  Magnets. 


The  Arnold  Engineering  Company  has  a completely  inte- 
grated plant  for  the  manufacture  of  Alnico  Permanent 
Magnets,  from  the  melting  and  casting  of  the  raw  mate- 
rials to  the  final  fabrication  of  the  completed  magnets. 


The  Arnold  Fngineering  company 


147  E.  ONTARIO  ST.,  CHICAGO  11,  ILLINOIS 
SPECIALISTS  IN  THE  MANUFACTURE 

OF  ALNICO  PERMANENT  MAGNETS 
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trie  Company,  K.  H.  Kingdon  and 
H.  C.  Pollock,  have  separated  U“ 

.f,„.  :sotopes  using  a 

‘ spectrograph.  Uranium 
tetrachloride  was  heated,  the  vapor 
bombarded  by  electrons  to  form 
the  uranium  ions  and  the  ions  | 
separated  by  a magnetic  field.  An  ' 
illustration  showing  these  men  and  ' 
their  apparatus  appeared  in  the  — 
June  1940  issue  of  Electronics, 
page  74. 

The  Attack  on  the  Separation 
Problem  • 

The  means  of  separating  U” 
from  U“  on  a large  scale  have  been 
under  active  consideration  during 
the  last  year.  Chapman  as  long  - 
ago  as  1917  suggested  that  separa- 
tion of  isotopes  by  weight  might 
be  accomplished  by  means  of 
“thermal  diffusion”,  an  effect  which 
takes  place  when  convection  cur- 
rents are  induced  in  a gas  com- 
posed of  particles  of  different 
weight.  Clusius  and  Dickel  built 
an  apparatus  for  the  purpose,  con- 
sisting of  a heated  wire  running 
on  the  axis  of  a vertical  tube  con- 
taining the  gas.  Brewer  and 
Bramley"  used  two  concentric  ver- 
tical tubes  the  inner  one  heated,  the 
outer  cooled,  and  passed  gas 
through  the  space  between  the 
walls  of  the  tubes.  Furry,  Jones 
and  Onsager*  of  Harvard  and  Yale 
worked  out  the  theory  of  the  con- 
centric tube  device,  but  did  not  con- 
sider its  use  in  the  uranium  prob- 
lem. Recently  Krasny-Ergen‘  of 
the  Wenner-Grens  Institute  in 
Stockholm  applied  this  theory  to 
the  uranium  problem.  He  con- 
sidered two  concentric  vertical 
tubes  10  meters  (33  feet)  long, 
the  inner  tube  4 ems  in  diameter, 
with  1.34  mm  distance  between 
the  walls  of  the  tube.  The  inner 
tube  is  heated  uniformly  to  393°  C, 
the  outer  kept  cool  at  60°  C.  The 
space  between  the  concentric  tubes 
is  filled  with  uranium  fluoride, 
UF0,  at  one  atmosphere  pressure. 

In  such  an  apparatus  the  lighter  U 
tends  to  collect  at  the  top,  where  it 
is  caught  in  a chamber.  The  cal- 
culations indicate  that  if  the  upper 
chamber  were  allowed  to  come  to 
equilibrium  and  the  gas  drawn  o 
(discontinuous  operation),  the  con- 
centration of  U”  would  increase 
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Mew  plastics  with  new  properties 
6 and  older  plastics  with  unproved 

/J  formulations  pose  a real  problem 

* J - today  for  every  designer  of  post- 

0 II  I 11  H < mwar  rodio  anc^  electronic  equip- 

O ment  who  is  responsible  for  getting 

' , , , . , . "full  advantage  out  of  his  material 

to  the  best  use  of  plastics  ■bpportunitiee. 

' i . jj  « Monsanto  is  in  a particularly 

II)  POSlWar  1 3010  5 ^ favorable  position  to  help  at  this 

o o 


time,  with  one  of  the  broadest  and 
most  versatile  series  of  plastics  in 
the  whole  industry . . . 

Far  example,  take  these  nine 
bssic  plastic  applications  which 
are  typical  of  hundreds  that 
exist:  in  every  one  of  them 
Monsanto  is  able  to  offer  one  or 
more  pUntirs  especially  suited  to 
that  use. 


CONSOLE  CABINETS 

Thalld  Imprattien  molding 


TABLE  MODELS 

Carax  • Rasinax 


ESCUTCHEONS 

Thalld  imprasden  molding 
Fibottos  • Luttron  • Rndnex 


O O 


TELEVISION  OPTICAL  LENS 

Lwttron 


SPEAKER  CONE  ASSEMBLIES 

Rotinox  bondod  pulp  and  papor 
Thalld  imprastian  maiding* 


TUBE  SOCKETS 

Carax  s ludran 
Laminata*  of  Rasinox 


CONTROL  KNOBS 

Flba*tas  • Lustron  • Ra*inox 


HOUSINGS,  RELAY-SWITCH, 
CAPACITORS 

Carox  • Ratinox  • Rasimana 
Styramic  HT 


MONSANTO 


RADIO 


Molding** 
Moth  ods 


TTYtAMIC  . 


to  114- 
187°F. 
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y of  getting  the  Monsanto  consultant;  he  will  help  you  put  I 

you  specify  for  your  finger  on  the  right  plastic,  and  the  ■ -pv  t n diTpO 

lets,  it  may  pay  right  way  to  use  it.  Write,  wire  or  I | jj/\  O I 1 Li  U 


®oat'wtVei^i  responsibility  of  getting  the  Monsanto  consultant;  he  will  help  you  put 

yonr °‘  hiaterials  you  specify  for  your  finger  on  the  right  plastic,  and  the 

you  radio  Products,  it  may  pay  right  way  to  use  it.  Write,  wire  or  phone: 

Then iT?,„to.check  over  this  chart  now.  Monsanto  Chemical  Company,  Plastics 
y have  more  questions,  call  on  a Division,  Springfield  2,  Massachusetts. 
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compactness 

with  ACRO  Switches 


* Mechanism  of  the  patented  Aero  Rolling 
Spring  switch  lends  itself  to  adaptation 
in  various  shapes  to  fit  the  design  of  your 
units.  Multiple  mountings — flat  or  vertical 
— end  to  end,  or  side  by  side.  Small  case 
shapes — rectangular  or  curved.  Various 
types  of  brackets  for  flexibility  of  mounting. 
Actuation  pressure  as  low  as  two  grams 
(using  leaf  bracket)  or  as  high  as  1 V*  lbs. 
Surely  one  of  the  many  ACRO  Model  "M” 
designs  should  fit  your  needs.  Send  your 
design  details  showing  space  dimensions 
and  operating  features  for  quicker  reply. 


ACRO  ELECTRIC  COMPANY 


1316  Superior  Avenue 


Cleveland  1 4,  Ohio 
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Photograph  courtesy  of  Airadlo, 
Incorporated,  designers  and 
manufacturers  of  radar  and 
electronic  test  and  com- 
munication equipment. 


Before  it  was  redesigned  i>v  Airadio,  Incor- 
porated, Stamford,  Conn.,  this  chassis  for 
radar  equipment  weighed  1 7 \ ^ pounds.  Made 
"ith  Alcoa  Aluminum  the  weight  was  reduced 
to  13  pounds  and  5 ounces. 

Reduction  of  wreight  is  onlv  one  of  many 
advantages  provided  hv  aluminum.  It  is  easily 
workable,  gives  excellent  thermal  conductivity, 
superior  electrical  conductivity  and  furnishes 


a bright  surface  for  stenciling  markings. 

Further.  Aluminum  is  nonmagnetic  ...  it 
can  be  silver-plated  to  meet  high  frequency 
requirements.  Alcoa  engineers  will  be  glad 
to  help  you  find  the  best  way  to  use  aluminum 
in  vour  electronic  equipment.  Alcoa  advice 
is  based  upon  what  is  best  for  you.  Aluminum 
Company  of  America,  2136  Gull  Building, 
Pittsburgh  19,  Pennsylvania. 


ATOMIC  POWER 


(continued) 


Scotch 

(leMcal  TAPES 


Provide  time  saving  and  material  saving 
shortcuts  in  coil  and  motor  work 

Motor  insulating,  coil  winding,  strapping 
electrolytic  condensers,  etc.  are  speeded  up 
and  simplified  by  time-saving  shortcuts  made 
possible  by  “SCOTCH”  Tape.  Accompanying 
pictures,  taken  in  the  plant  of  the  Holtzer 
Cabot  Electric  Co.,  Boston,  Massachusetts, 
show  how  "SCOTCH"  Electrical  Tape  (EB)  is 
used  to  fasten  the  coils  from  the  winding 
machine  to  the  finished  job. 

In  making  multiple  coil  forms  "SCOTCH” 
Tape  performs  important  functions.  After 
winding  it  holds  wires  neatly  in  place  during 
storage  and  installation.  Applied  to  slot  insula- 
tion with  a "SCOTCH"  Edger  “SCOTCH"  Elec- 
trical Tape  provides  tear-proof  reinforcement. 

Whether  the  requirements  call  for  very  high 
dielectric  and  tensile  strength,  an  extra  firm 
adhesive  for  edging  slot  insulation,  greater 
than  ordinary  resistance  to  corrosion,  stepped 
up  moisture  resistance,  extreme  resistance 
to  electrolysis — there  is  a type  of  "SCOTCH" 
Electrical  Tape  possessing  exactly  the  qual- 
ities required.  Our  book  on  "SCOTCH"  Elec- 
trical Tapes  tells  the  whole  story.  Use  the 
coupon  below,  today,  to  secure  your  copy. 


Pleas©  send  a copy  of  your  new  book  on  •'SCOTCH"  Electrical  Topes. 

Street City  

Zone. .Stole Signed 

Title 


Review,  March  15,  1040  (Vol.  57,  p.  546) 

3.  Brewer  and  Bramley,  Physical  Revie x 
55,  509A  (1939). 

4.  Furry,  Jones  and  Onsager,  Phytical  lit 
view,  June  1,  1939  (Vol.  55,  p.  1083). 

5.  W.  Krasny  Ergen,  Letter  to  the  Editor 
Nature,  May  11,  1940. 

See  also  an  article  in  Electrical  Enointcr 
ing,  February  1940,  by  Enrico  Fermi. 

• • • 

Pulse  Emission  Characteristics 
of  Oxide  Cathodes 

Short-time  thermionic  emission 
from  oxide-coated  cathodes  was  in- 
vestigated at  Cornell  University 
and  reported  in  the  Physical  Re- 
view for  March  1946  by  Robert  I. 
Sproull.  The  effect  of  cathode- 
coating thickness  on  emission,  the 
decay  characteristic  during  emis- 
sion, the  effect  of  cathode  tempera- 
ture and  of  length  of  emission  and 
non-emission  periods  on  the  emis- 
sion character  were  studied. 

A cylindrical  experimental  diode 
was  used  for  measurements.  Rep- 
resentative types  of  cathode  coat- 
ing upon  which  measurements  were 
made  are  given  in  the  accompany- 
ing table.  Cathode  temperatures 
were  observed  with  an  optical 
pyrometer.  Plate  voltage  for  the 
diode  was  supplied  by  a rectangu- 
lar wave  generator  in  which  the 
period  and  the  relative  duration  of 
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Fig.  1— Measured  decay  characterise* 
ol  tube  No.  11  at  dliferent  temperature* 
are  ehown  by  circlee:  Unee  them  the* 
-etically  calculated  corvee.  Data  a» 
calculations  were  normalised  to  elan 
at  tho  same  initial  current 

positive  and  negative  parts  of  the 
cycle  were  variable  in  steps.  To 
avoid  spurious  interference,  the 
multivibrator  oscillator  generating 
these  pulses  was  synchronized  to 
the  power  line,  and  all  power  sup 
plies  were  electronically  regulate  . 

A special  peak-reading  compart 
son  vacuum-tube  voltmeter  with  a 
calibrating  pulse  source  was  us 
to  measure  the  decay  characteris- 
tic of  the  emission  pulse  curren  . 

Observed  emission  behavior  » 


September  (MS  - ELECTRONICS 


Digitized  by  Lr.ooQle 


to  you 


^HEN  first  announced,  In  1938,  the 
Machlett  Dynamax  represented  the 
*°toion  of  the  most  difficult  problems  ever 
•countered  in  electron  tube  manufacture 

-Poraleled  only  by  the  Machlett  VM-1, 
**  ™ Pf»*ion,  sealed -off,  2,000,000- 
™Jclube. 

I>y"omax  was  designed  to  meet  the 
•wmd  for  a dependable,  high-capacity 
2*.  ***  would  »<*•  ™di  harper 
"toi  under  the  most  adverse  condi- 
The  desired  results  could  be  obtained 
7 by  » very  small  focal  spot,  and 

•5  rnT?  bMm  °*  W8h  100  KV‘ 

^"Wdratlng  so  much  energy  on 
U.  T0*  IB*ant  d“*™««on  of  target  and 
».,  H“  ^at  could  be  dissipated. 
«ie  target  was  found  to  be  the 
m*ans  °*  Protection,  but  this 

klb*«fing',thrh  8r*a,#r  probUm' *hat  of 


mo,°r  bearings  inside  the 


ItroJ^rT*  ""Pairing  the  vacuum 
"eHusd  ri  '"I01’  ***•  lubricant.  A novel 

of  Dure  T*?"8  ttle  bearings  with  a film 
^'XWuh"'  °-Bc  “*vsr  wa*  developed  by 
v«ok«  '"'I’  Ibe  result  that  the 

M**,t  spot  became  the  strongest. 
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Today,  Machlett  rotating-anode  tubes 
give  over  200,000  exposures,  over  ten 
times  the  normal  life  expectancy  of  X-ray 
tubes  of  only  a few  years  ago,  and  more 

than  twice  that  of  present-day  conventional 
stationary-anode  tubes I This  Is  the  preferred 
type  for  use  In  mass  health  surveys  and 
busy  institutions  where  the  load  Is  too  great 
and  too  constant  for  any  other  tube.  You 
will  be  Interested  In  the  full  story  of  the 
Dynamax  — write  for  your  copy  today;  it 
will  be  sent  with  our  compliments. 

True  enough,  the  Dynamax  Is  an  X-ray 
tube— but  all  electron  tubes  are  brothers 
under  the  skin.  The  engineering  talent,  the 
techniques  and  the  manufacturing  skill  which 
produced  the  first  really  successful  rotating- 
anode  tube  are  the  same  that  now  guar- 
antee the  performance  and  advanced 
features  of  all  Machlett  electron  tubes,  for 
all  purposes,  whether  in  the  fields  of  radio 
or  industry.  It  will  pay  you  to  use  this  back- 
ground of  electron  tube  engineering  and 
production  skill  by  choosing  a Machlett 
when  you  need  an  oscillator,  amplifier, 
modulator  or  rectifier.  Machlett  Labora- 
tories, Inc,  Springdale,  Connecticut. 
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Again 
'Available 
Without 
Priorities 


LINGO 

. VERTICAL  TUBULAR 
STEEL  RADIATORS 


Prompt  Shipment 
From  Materials  In  Stock 


■ 


■.  ' 

mb 


Your  post-war  plans  take  a decided 
spurt  now  that  Lingo  Radiators  are 
psiority-f ree ! Because  of  the  lim- 
ited amount  of  materials  on  hand, 
production  must  be  concentrated 
now  on  radiators  not  exceeding 
250  ft.  in  height.  Regardless  of 
whether  you  are  ready  to  install 
now  or  not — order  your  Lingo  Ra- 
diator now.  It  will  be  constructed 
on  a first-come,  first-served  basis 
and  delivered  when  you  want  it. 

Place  Your  Order  NOW  ! 

Please  include  in  your  inquiries  the 
radiator  height  required  and  approxi- 
mate site,  so  that  complete  quotations 
can  be  made  immediately,  covering  the 
radiator  itself  and  its  subsequent  erec- 
tion, when  so  desired. 

JOHN  E.  LINGO  & SON,  INC. 


; ■ 


EST.  1897 


OXIDE  CATHODES  (continued) 

explained  on  the  theory  that,  under 
the  influence  of  the  electric  field 
that  draws  off  electrons  from  the 
emission  surface,  the  barium  (or 
strontium,  or  calcium)  ions  formed 
by  the  loss  of  emission  electrons 
are  induced  to  drift  from  the  out- 
side crystal  surface  back  into  the 
emission  layer.  (Measurements 

indicated  that  from  5 to  50  percent 
of  the  total  conduction  current 
within  the  crystals  is  ionic).  Thus 
the  instant  emission  begins,  the 
surface  is  covered  with  low  work- 
function  barium  atoms,  but  after 


Fig.  2 — Initial  and  final  current  valuer 
lor  yarious  tubes  at  dillerent  temper- 
atures 


a short  period  of  emission  the  sur- 
face is  composed  of  ions  and  atoms 
thus  having  an  apparently  higher 
work-function.  Equilibrium  is 
reached  when  the  rate  of  inward 
ionic  diffusion  and  creation  of  ions 
at  the  surface  are  equal.  Equa- 
tions for  the  decay  from  initial  to 
final  value  of  the  emission  current 
derived  from  this  theory  check 
with  observations  as  shown  in 
Fig.  1. 


Effect  of  Pulses 


To  determine  the  dependence  of 
emission  decay  on  the  duration  an 
repetition  rate  of  pulses,  emission 
duration  was  varied  from  100  to 
300  microseconds  at  a repetition 
rate  of  30  pulses  per  second.  No 
change  in  decay  rate  was  observe 
Repetition  rate  was  varied  from 
20  to  120  pulses  per  second  at  an 
emission  duration  of  300  micro 
seconds,  and  no  change  in  deca> 
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for  glass  to  metal  sealing 

We  offer  you  the  services  of  an  expert  staff  of  glass 
technicians  who  have  a pre-war  background  in  the  manu- 
facture of  special  purpose  glasses,  and  a war-bom 
experience  and  performance  record  in  meeting  critical 
tolerance  requirements  for  special  shapes  to  exacting 
physical,  electrical  and  chemical  specifications. 


Your  inquiry  wilt 
receive  our  prompt 
attention. 


meat 
Resistant 
(Gj lasses 
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OXIDE  CATHODES 


(continued) 


rate  was  observed.  However  at  a 
frequency  of  600  cycles  per  second, 
the  ratio  of  initial  to  final  current 
was  reduced  about  20  percent  indi- 
cating that  the  surface  did  not 


Table — Composition  and  thickness  oi 


typical 

coatings  used  in  the  tssts 
Coznpostkn  Thicknaa 

Tub®  No. 

(by  weight  in  %) 

BsO  SrO  CsO 

(mg/cm*) 

8 

60  80 

1.2 

11 

50  B0 

B.2 

12 

SO  BO 

9.0 

13 

60  30  10 

32.0 

14 

SO  00 

0.1 

have  sufficient  time  to  recover  from 
its  partially  ionized  state.  This 
test  was  conducted  on  tube  No.  8 
at  a cathode  temperature  of  920 
degrees  Kelvin. 

Effects  of  temperature  are  given 
in  Fig.  2.  Decay  was  found  to  be 
independent  of  the  oxide  coating 
thickness  within  the  range  of  thick- 
ness indicated  in  the  table. 


OUTSTANDING 

CHARACTERISTIC  Astatic  Low  Pressure 
Qp  ASTATIC  Crystal  Pickups  have 

Dir  It  II  DC  contributed,  as  no 

■ ■ V»  w r 9 other  phonograph 

part,  to  long  record  life  and  quality  reproduction  of 
recorded  sound.  An  even  higher  standard  of  phono- 
graph performance  is  assured  with  Astatic  Pickups 
of  tomorrow,  incorporating  not  only  the  principle 
of  featherweight  pressure,  originally  introduced  by 
Astatic,  but  dramatically  new  and  improved  features 
for  increased  enjoyment  of  modern  recordings.  In 
the  measure  that  FM  will  contribute  to  the  improve- 
ment of  radio  reception,  so  will  Astatic's  finer 
Crystal  Pickups  advance  the  fidelity  of  phonograph 
record  reproduction. 


ASTATIC  Crystal  Devices 
manufactured  under  Brush 
Development  Co.  patents. 


• • • 

Navy  Radio-Technician 
Training 

By  Ruth  Lawyer 

Editor,  Technical  Education  yews 
McGraw-Hill  Book  Co.,  Inc. 

To  TRAIN  OPERATORS  and  service 
men  for  the  multiplicity  of  elec- 
tronic equipment  carried  by  Naval 
ships  and  planes,  the  Navy  is  con- 
ducting an  enlarged,  accelerated 
technical  training  program.  Belle- 
vue, the  permanent  Navy  Radio 
Materiel  School,  shares  with  the 
Naval  Research  Laboratory  a site  on 
the  Potomac  a few  miles  from  the 
center  of  Washington.  Three  other 
temporary  schools  — Treasure 
Island,  San  Francisco;  Navy  Pier, 
Chicago ; and  Corpus  Christi,  Texas 
(the  latter  devoted  to  training  in 
airborne  equipment)  — carry  on 
similar  programs. 

At  Bellevue,  there  is  a staff  of 
168,  a student  enrollment  of  1900, 
with  136  new  men  entering  every 
two  weeks. 

All  the  faculty  have  been  through 
the  school  themselves.  Command- 
ing officer  Comdr.  Raymond  Cole, 
USN ; executive  officer  Lt  Comdr. 
Nelson  M.  Cooke,  USN;  and  tech- 
nical training  officer  (correspond- 
ing to  dean  of  students)  Lt  F.  C. 
Atnip,  are  familiar  from  years  of 
experience  with  the  ways  of  the 
Navy.  Intercom  systems  connect 
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R E L... 

still  in  the  lead! 

As  recently  announced,  REL  is  prepared  to  furnish 
to  the  FM  stations  now  on  the  air,  power  converting 
devices  applicable  to  transmitters  of  any  manufacture, 
which  will  furnish  one  or  three  kilowatts  output  power 
at  any  frequency  in  the  new  band  (88-108  megacycles.) 


THE  REL  CONVERTER 

1 . Enables  the  station  to  transmit 
simultaneously,  in  addition  to  its  old 
frequency,  the  new  frequency  during  the 
important  interim  period  of  operation. 

Requires  no  additional  monitoring 
of  the  audio  program  as  one  monitor 
controlling  point  takes  care  of  both  fre- 
quencies. 


^ # Furnishes  you  with  a relatively  in- 
expensive method  of  operation  during 
the  transition  period. 

Uoes  not  have  to  he  discarded 
- — it  will  become  the  future  amplifier 
portion  of  the  new  transmitter.  An 
Armstrong  phase  shift  modulator 
can  then  he  supplied  by  us,  which, 
when  added  to  the  power  amplifier 
section  of  the  converter  will  consti- 
tute a complete  new  one  or  three  KYi 
transmitter. 


Consult  us  immediately  for  prompt  delivery  of  your  order,  pending  lifting  of 

present  restriction. 


MICHIGAN 

M.  N.  Duffy  & Co..  Inc. 
2040  Grand  River  Ave.,  W. 
Detroit,  Mich. 


REk 


Sales  Representatives 
MIDWEST 

REL  Equipment  Sates,  Inc. 
612  N.  Michigan  Blvd. 
Chicago.  111. 


PACIFIC  COAST 
N.  B.  Neeley 
5334  Hollywood  Blvd. 
Hollywood.  Cal. 


PIONEER  MANUFACTURERS  OF  FM  TRANSMITTERS  EMPLOYING  ARMSTRONG  PHASE-SHIFT  MODUL 


RADIO  ENGINEERING  LABS.,  INC. 

/Inis*  /j/sz  ns/  , N . Y. 
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KOLD-HOLD  MANUFACTURING  CO. 
446  N.  Grand  Avenue 
Lansing  4,  Michigan 
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Students  use  test  equipment  to  study 
circuit  operation.  In  this  instance  they 
are  observing  wave  shapes  throughout 
a d-c  ampliiier 

tests,  mechanical  and  electrical  ji 
tests,  and  radio  tests.  Once  past  ;i 
these  hurdles,  students  go  through  jj 
one  month  pre-radio  school,  whic 
is  primarily  for  screening,  orienta- 
tion and  basic  training.  They  then 
go  to  a three-month  elementary 
electronics  and  radio  materiel  pri- 
mary school  of  which  there  are  six 
scattered  throughout  the  country. 
At  these  schools,  the  men  are  given 
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make  your  toughest 
insulation  problems 
behave  to  specifications! 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK  7,  N.Y 


Fibcrglos  Braided  Sleeving 
Cotton  Tapes,  Webbings  and  Sleevings 
Impregnated  Varnish  Tubing 
Insulating  Varnishes  of  all  types 
Eitruded  Plastic  Tubing 


A PARTIAL  LIST  OF  M-R  PRODUCTS 
Fi'  erglas  Saturated  Sleeving.  Varnished  Tubing 
As  estos  Sleeving  and  Tope 
Varnished  Cambric  Cloth  and  Tope 
Mica  Plate.  Tape,  Paper.  Cloth.  Tubing 


Fiberglas  Varnished  Tope  and  Cloth 
Insulating  Papers  and  Twines 
Cable  Filling  and  Pothead  Compounds 
Friction  Tape  and  Splice 
Transformer  Compounds 


ors,  have  all  the  desired  qualities 
to  combat  severe  service 
hazards;  great  mechanical 
r strength,  non-stretch,  no  need  J 
to  varnish,  available  in  any  M 
thickness  from  .010  to  35  mils,  ^k 
high  temperature  resistance 
beyond  150°  C.,  and  ex- 
tremely  high  dielectric.  ^k 


Writ*  for  bull* tin  HC  2-1,  It  bill  the 
•ntiro  story  of  Fiberglos-Mico  Combina- 
tion!   and  for  Qvkk  Deliveries 


mils,  inclusive. 


insulation 
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NAVY  RADIO  TRAINING 


WORLD’S 
FASTEST  PLANE 

ANDREW  COAXIAL 
CABLES! 


(contina 


Lockheed's  sensational 
new  jet-propelled  su- 
per fighter,  the  P-80 
“ Shooting  Star,”  is 
the  world’s  fastest  and 
highest  flying  plane. 


^ It  is  highly  significant  that  Andrew 
T coaxial  cables  were  chosen  for  the  vital 
radio  and  radar  equipment  installed  in  the 
P-80.  They  were  selected  because  they  are 
much  more  resistant  than  ordinary  solid 
dielectric  cables  to  the  high  temperature 
encountered  in  the  tail  of  the  plane. 

Andrew  Co.  is  a pioneer  manufacturer  of 
antenna  tuning  and  phasing  equipment,  in- 
cluding a complete  line  of  ceramic  insulated 
coaxial  cables  and  all  necessary  accessories. 
Write  for  catalog. 


ANDREW  CO. 

363  EAST  75th  STREET,  CHICAGO  19,  ILLINOIS 


mathematics  through  trigonometi 
basic  electrical  fundamentals,  vt 
uum-tube  theory,  and  the  mechai 
cal  techniques  of  the  radio  trade. 

Courses 

To  train  the  men  so  that 
can  install,  maintain,  and  re; 
every  type  of  electronic  equipmi 
aboard  ship,  they  are  given  a sev; 
part  course  the  curriculum  of  \vhid| 
is  summarized  in  the  followii 
paragraphs. 

Division  1 : Completion 
amentals  learned  prior 
the  school  ends  the  ground 
the  students.  They  work  on  meaij 
uring  equipment  and  learn  the  prim  L 
ciples  of  oscilloscopes. 

Division  2 : In  all  subsequent 
visions,  study  centers  around  am 
sis  and  operation  of  actual  Na' 
equipment.  Working  in  the  labor; 
tory  in  groups  of  three,  the  me! 
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Breadboard  layouts  are  used  to  la*  1 
miliar  ize  students  with  basic  circuit  I 
operation  before  they  service  and  op-j 
erate  standard  Naval  gear 

learn  about  transmitters  (of  lo 
high-,  very-high-,  and  ultrahigl 
frequencies)  so  that  they  can,  f 
instance,  set  up  and  operate  a P°’ 
able  transmitter  on  a beach  duri 
an  invasion.  They  also  study  po 
supplies  and  control  circuits. 

Division  3:  Receivers  are  s 

died  in  a new  soundproofed  labi 
atory.  Instructors  put  faults  in 
the  equipment  and  the  studen 
trouble-shoot  until  they  have  1 
cated  and  corrected  the  faults.  S *j 
dents  learn  about  transmission- 1® 
theory,  installation,  and  cable  tes 
ing.  They  study  directional  antenn 
arrays  and  direction  finders. 

Division  4:  The  students  stu 
sonar  (Sound  Navigation  As 
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PROTECTION  CIRCUIT  SAFETY  FIRST  IN  CIRCUIT  PROTECTION 
SAFETY  FIRSY  IN  CIRCUIT  PROTECTION  CIRCUIT  SAFETY  FIRST 
PROTECTION  CIRCUIT  SAFETY  FIRST  IN  CIRCUIT  PROTECTION 
SAFETY  FIRST  IN  CIRCUIT  PROTECTION  CIRCUIT  SAFETY  FIRS1 
MSflifCTION  CIRCUIT  SAFETY  FIRST  IN  CIRCUIT  PROTECTIOF 
CIRCUIT  PROTECTION  CIRCUIT  SAFETY  FIRS 


FIRST  IN 

IROTECIION  CIRCUIT  SAFETY  FIRST  IN  Cl] 
’ FIRST  IN  CIRCUIT  PROTEC^^Aj^^fl. 


PPRtYFIRST  IN  CIRCIUIT  I 
f^CIRCUIT  PROTECTION  CIRCUIT  SAF 
CIRCUIT  SAFETY  FIRST  IN  CIRCUIT  PI 
N CIRCUIT.  PROTECTION  CIRCUIT  SAF 
CIRCUIT JAP0Y  **•-  IN  CIRCUIT  PI 

N CIRCUIT  SAI 
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\ CIRCUIT  SAFI 
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pressure  of  Ufety  c. 
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the  satisfy  °nJs  their 


LITTELFUSE 
EXTRACTOR 
, POSTS  ^ 


RCUIl 

iiRCura 

ecuit' 

IN  Cll 


I A Littelfuse  "first”-a  development  featuring 
quick,  shockproof  fuse  replacement  adapted  for 
use  in  radio,  appliance,  aircraft,  instrument  and 
electronic  fields. 

The  practicability  of  this  space-saving  fuse 
. - mounting  is  easily  recognized — side  terminal 
electrically  welded — thoroughly  insulated  spring 
activated  contacts  insuring  maximum  electrical 
conductivity. 

Littelfuse  full  range  of  posts  includes  sizes  for 
; 3,4,  5 and  8 AG;  3,  4 and  5 AB  and  Hi-Amp 
i!*,  foes  with  either  finger  or  screwdriver  type 
(meets Underwriters’  requirements)  knobs,  also 
fusible  Binding  Post,  Fusible  Meter  Post. 


ICUIT  p 
III  SAF 
1CIUIT  I 
the  [>IT  *Al 

CUIT  9 
. ,l,e  IIT  SAI 

!uit  p 

IT  SAI 
UIT  PI 
,1  T SAFI 

IT  PR 

^ffVFulT  SAI 
SAFETY  FIRST  IN  CIRCUIT  PI 
IIT  protection  circuit  sa 
5 Art  IT  FIRST  JNCIRCUJT  ft 


desire 

nition  d'“ 

leadership 

least  of  ‘b 


|ICUIT  S* 
CIRCUIT  4 
RCUIT  SAI 
CIRCUIT  P4 
RCUIT  SAFI 
CIRCUIT  Pl4 

RCUIT  SAFI 
CIRCUIT  prI 
.<  CIRCUIT  SAFl 
FIRST  IN  CIRCUIT  PR<A 
r.fTin.J  CIRCUIT  SAFF.T 


dei'ia'1 


LITTELFUSE  INCORPORATED 

Chicago  40,  Illinois 


4757  No.  Ravenswood  Ave 

in  Chicago  and  El  Monte,  California 


IF 
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ALLIANCE  DYNAMOTORS 

Built  with  greatest  precision  and 
"know  how”  for  low  ripple— high  effi- 
ciency— low  drain  and  a minimum  of 
commutation  transient t.  High  produc- 
tion here  retains  to  the  highest  degree 
all  the  "criticals”  which  are  so  im- 
portant in  airborne  power  sources. 
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used  in  8t 


fare,  depends  upon  tl 
ersonic  frequencies 
the  water.  Students 
install  and  operate  tl 
Units  are  installed  f 
ti°n.  often  necessitat 
by  the  maintenance  i 
ate  shipboard  operati 
Recently  installed 
ment  is  built  into  a 
rangement  with  recel 
on  the  upper  deck,  t 
equipment  and  driver 
deck,  and  the  superson 
ectors  submerged  in  a 
Division  5:  The  a 
these  same  echo  print 
died  in  connection  wit 
dio  Direction  And  Ri 


ALLIANCE  0.  C.  MOTORS 

Incorporate  precision  tolerances 
throughout.  Light  weight— high  effi- 
ciency-compactness. An  achieve- 
ment in  small  size  and  in  power-to- 
weight  ratio.  Careful  attention  has 
been  given  to  distribution  of  losses 
as  well  as  their  reduction  to  a minimum. 


Befon  leaving  school  rod 
hornmi  familiar  with  Ha 
cation  and  navigator 
through  laboratory 


Remember  Alliance! 

—YOUR  ALLY  IN  WAR  AS  IN  PEACE 


equipment  on  which  t 
work  includes  microv 
gear,  air  search  and  sui 
radar,  fire  control,  id 
and  counter  radar. 

The  fundamental  opei 
these  units  is  that  dish 
accurately  measured  b] 
ting  pulses  of  radio  ene 
ceiving  these  pulses  as 
from  distant  objects.  Ini 
trical  timing  and  ampl 
cuits  and  cathode-ray  ' 
cators  are  used.  The  sis 
tion  on  the  calibrated  i 
gives,  at  a glance,  the  r 
echoing  object 
Direction  can  be  dete 
sending  out  beams  of  r 


To  Meet  Your  Specifications 

PERFORMANCE  is  the  real  measure  of  success  in  winning 
the  war,  just  as  it  will  be  in  the  post-war  world.  New  and 
better  ideas— production  economies— speed— all  depend  upon 
inherent  skill  and  high  precision  . . . For  many  years  our 
flexible  organization  has  taken  pride  in  doing  a good  job  for 
purchasers  of  small  motors.  And  we  can  help  in  creating  and 
designing,  when  such  service  is  needed.  Please  make  a note 
of  Alliance  and  get  in  touch  with  us. 


FOR  SURE 


CONTACTS 


10OK  FOR  THE  RED  COLLAR 
THE  SYMBOL  OF  SECURITY 


ESNA 

TRADE  MARK 


With  the  assured  liigli  conductivity 
of  a soldered  connection,  combined 
with  the  great  advantage  of  easy  re- 
movability for  servicing  and  over- 
haul, Elastic  Self-Locking  Stop  Nuts 
are  being  given  new  responsibilities 
m the  field  of  electronics  every  day. 

They’ve  been  found  the  best  kind 
of  insurance  against  loose  contacts 
where  there  are  terminal  connec- 
tions in  circuits,  as  in  the  starting 
motor  relay  switch  illustrated. 

Manufacturers  and  servicemen  turn 
to  the  nut  with  the  famous  red  col- 


lar to  help  eliminate  failures  and 
poor  operation  of  electronic  equip- 
ment arising  from  loose  contacts  — 
because  the  Elastic  Stop  Nut’s  red 
collar  has  proved  it  holds  fast.  The 
elastic  compression  collar  forms  it- 
self to  the  bolt  threads,  and  the  nut 
refuses  to  loosen,  creep,  or  back  off 
the  holt  under  the  most  difficult  op- 
♦•rating  conditions. 

For  reliability,  safety  and  economy, 
use  Elastic  Self-Locking  Stop  Nuts 
wherever  vibration,  shock,  impact 
or  similar  loosening  influences  are 
encountered. 


FOR  ELECTRICAL  CONNECTIONS  USE  ELASTIC  SELF-LOCKING  STOP  NUTS 


Elastic  stop 

•*  N.  J.  Olid  Lincoln,  Nob. 
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NUT  CORPORATION  of  AMERICA 
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Rotary  speeds  from  600  to  600,000 
RPM  — or  vibrations  from  10  to  10,000 
CPS  — can  be  "stopped"  and  studied 
with  the  Model  1200  Stroboscope.  The 
light  source  is  mounted  in  a small  probe 
at  the  end  of  a five-foot  flexible  cable. 


' This  make*  it  easy  to  examine  small  objects  at  close  range.  Provision  is 
made  to  operate  the  unit  from  external  tuning  fork  or  crystal  standards, 
where  extreme  accuracy  is  required.  The  motion  of  objects  moving  at 
irregular  speeds  may  also  be  "stopped"  with  the  Model  1200.  An  accu- 
rate repetitive  pulse  rate  is  obtained,  as  the  pulses  are  derived  from  a 
stable  audio  oscillator. 


Not  only  does  this  eliminate  the  necessity  for  constant  readjustment 
of  the  repetitive  rate,  but  it  also  insures  clearly  defined  Images  at 
high  speeds. 

For  greater  flexibility,  a light  Intensity  control  switch  Is  also  provided. 
This  enables  the  user  to  control  both  the  Intensity  of  the  light  and  the 
duration  of  the  pulse  length. 


1 


WRITE  FOR 

DESCRIPTIVE 

BULLETIN 


J 


COMMUNICATION 

MEASUREMENTS 

LABORATORY 

MMrMn  • KM***  Sninhu  • New  Imply  awn 
120  GREENWICH  ST.,  NIW  YORK  6,  N.  Y. 
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BORN  AT  2500°F. 


AlSiMAg  is  master  of  power  and  heat  because  it  takes  its  final,  strong,  hard, 
rigid  form  in  furnaces  at  the  white  heat  of  25oo°F. 

This  inorganic  material  cannot  char.  It  withstands  red  heat  temperatures  of 
i8oo°F.  AlSiMag  is  highly  resistant  to  thermal  and  electrical  shock. 

AlSiMag  insulators  do  not  distort  with  loading  nor  cold-flow  with  time. 
They  are  non-corrodible. 

Uniformity  and  dimensional  accuracy  of  AlSiMag  Insulators  facilitate  as- 
sembly. Whatever  you  are  planning  in  the  electronic  or  electrical  field — specify 
AlSiMag  for  long-lived,  dependable  performance.  Our  Engineering  and  Re- 
search men  are  anxious  to  work  with  you.  Litera- 
ture applicable  to  the  various  fields  of  AlSiMag 
uses,  available  on  request. 


AMMCAN  IAVA  CORPORATION 

CHATTANOOGA  5,  TINNlSStl 


RlSi  Mrg 
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DECIBEL  CALCULATOR 


(conti  nirad) 


Should  future  developments  in 
electronic  communications 
(either  audio  or  video)  require 
vertical  radiators  of  extreme 
height  look  to  Blaw-Knox  for 
the  kind  of  structural  engineer- 
ing which  will  assure  the  suc- 
cess of  such  towers. 

Thousands  of  installations, 
ranging  from  66  ft.  to  1/300  ft., 
are  ample  proof  tharvou  can 
rely  on  Blaw-Kn0x  /or  com- 
plete responsibjfitwln  the  fabri- 
cation, ereoioiyCmd  testing  of 
completeyrfntedna  systems. 

IOX  DIVISION 

BLAW-KNOX  company 
^2077  FARMERS  BANK  BLDG. 

^PITTSBURGH  • PENNSYLVANIA 


■ • I 


BLAW-KNOX  VERTICAL  RADIATORS 


when  two  voltages  are  known;  enter 
the  graph  at  the  left  at  the  higher 
voltage,  follow  the  diagonal  down- 
ward to  the  right  until  the  ordinate 
of  the  lower  voltage  is  reached,  the 
abscissa  of  this  point  gives  the 
number  of  decibels  corresponding 
to  the  ratio  of  the  two  voltages. 

If  the  input  voltage  is  larger  than 
the  output  voltage,  the  db  valve  is, 
of  course,  loss;  if  the  input  is 
smaller  than  the  output,  the  valve 
is  gain.  Currents  are  treated  simi- 
larly to  voltages.  If  powers  are 
given  instead  of  voltages  or  cur- 
rents, divide  the  final  db  by  two.  If 
ratios  are  given,  simply  assume  that 
the  ratio  is  the  first  voltage,  current 
or  power,  and  that  the  second  one  is 
unity. 


• • • 

Generation  of  Millimeter 
Wavelengths 

A method  of  pboduction,  detection 
and  measurement  of  extremely 
short  electromagnetic  waves  is  de- 
scribed by  Jean  P.  Cooley  and  John 
H.  Rohrbaugh  in  the  Physical  Re- 
view tor  May  1 and  16, 1946. 

Waves  were  produced  having 
lengths  between  2.2  and  0.2  mm  by 
using  small  aluminum  particles, 
suspended  in  a continuously  flowing 
stream  of  oil,  as  dipole  radiators. 

A shock  excitation  circuit  was  used 
generating  1000  surges  per  second 
of  steep  wave  front  and  short  dura-  ,, 
tion.  These  pulses  were  applied  to 
a 1-cm  gap  containing  the  oil 
stream  to  supply  the  necessary  elec- 
tric field. 

Detection  was  accomplished  by  a 
bismuth-antimony  thermopile  which 
had  all  junctions  covered  with  a 
2-mm  coating  of  60  percent  lamp 
black  and  60  percent  tellurium- 
plated  cork  dust  The  output  of  the 
thermopile  was  fed  to  a galvanom- 
eter whose  output  was  amplified 
electronically  and  optically. 


Playback  over  a loudspeaker  of 
recorded  mating  calls  of  mos- 
quitoes attracts  them  to  insect 
traps  placed  where  the  sound  origi- 
nates, recent  experiment  at  Cornell 
University  Medical  College  show. 
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Upside  down  and  sideways -and  this  transformer  puts  in  overtime! 


This  is  just  one  more  reason  why  Thennadors  are  known 

^ America's  quality  transformers. 

There  is  a machine  called  a Shaker.  It  goes  up  and  down 
"tile  it  rotates.  The  motion  varies  from  a gentle  rhumba  to 
111  earthquake  of  cataclysmic  proportions.  In  10  minutes 
an  ordinary  transformer  sails  off  into  the  steel  mesh  net. 

AtAireon  Manufacturing  Corporation’s  Kansas  City  plant 
tlrey  bolted  aThermador  transformer  to  the  shake-bed  of 

machine.  They  turne£f  die  shaker  on  for  an  hour— then 

^ kft  A going  overnight,  unbolted  the  Thennador  trans- 
fer, connected  it  to  the  test  line.  The  needle  showed  not 
nth  of  variation. 

^hy  this  incredible  performance?  Just  this.  Trans- 
its were  formerly  mounted  to  the  cover  of  their  cases. 
Thennador  developed  a strong  stamped  bracket  from  strip 

^■ECTRONICS  — September  194S 
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steel  and  projection-welded  it  to  the  case  body  indepen- 
dent of  terminal  boards  or  covers.  As  a result,  Thennador 

transformers  can  be  mounted  in  any  position-up  and  down 
and  sideways-and  take  the  worst  beating  you  can  give  them. 

THERMADOR  ELECTRICAL  MANUFACTURING  COMPANY 
5119  SOUTH  RIVERSIDE  DRIVE  • LOS  ANGELES  JJ,  CALIF. 


Thermador 

Transformers 

DEFEAT  COLD  • HEAT  • HUMIDITY 
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NEWS  OF  THE  INDUSTRY 

News  of  Washington;  actions  by  the  Federal  Communi- 
cations Commission;  notes  on  meetings  ahead;  activities 
businesswise;  and  information  about  people  you  know 


Japanese 

According  to  a be  post  by  OWI, 
Japanese  airborne  electronic  equip- 
ment made  since  1940  is  far  supe- 
rior to  that  of  earlier  design  and 
actually  is  of  excellent  workman- 
ship and  material.  Much  aluminum 
is  found  in  their  designs  providing 
unusually  light  gear.  No  precau- 
tions were  found  to  have  been 
taken  in  corrosion  and  fungus  con- 
trol, however. 

Radio  direction  finders,  standard 
equipment  on  medium  and  heavy 


Quality 

bombers,  were  not  reported  to  have 
been  normally  installed  in  fighter 
ships.  Several  Japanese  Zero  fight- 
ers have  been  found  with  radio 
equipment  which  had  been  made  in 
the  United  States,  in  whole  or  in 
part,  while  components  of  German 
nnd  British  manufacture  have  been 
reported  in  units  of  Japanese  man- 
ufacture. 

All  equipment  reported  on  was 
hand  made,  with  no  evidence  of 
quantity  production. 


Currently  proposed  urban  mobile  radio- 
telephone system  with  central  250-watt 
transmitter  to  contact  vehicles  and  sev- 
eral receivers  located  at  various  points 
to  receive  calls  from  the  low-powered 
vehicular  units 

tion  with  motor  vehicles  operating 
on  inter-city  highways  and  boats 
on  adjacent  waterways.  This  serv- 
ice would  require  both  transmitting 
and  receiving  stations  along  the 
highways  to  be  served. 


Radiotelephones  for  Vehicles 


Applications  have  been  filed  with 
the  Federal  Communications  Com- 
mission by  the  American  Telephone 
and  Telegraph  Co.  for  authority  to 
install  radiotelephone  stations  to 
provide  two-way  voice  communica- 
tion with  drivers  of  motor  vehicles 
in  Baltimore,  Chicago,  Cincinnati, 
Columbus,  Denver,  Houston,  Mil- 
waukee, New  York,  Philadelphia, 
Pittsburgh,  St.  Louis,  Salt  Lake 
City,  and  Washington,  D.  C. 

The  Bell  System  ’ companies, 
planning  to  make  the  new  service 
available  first  where  public  neces- 
sity is  greatest,  are  making  sur- 
veys to  determine  the  need  for  and 
the  feasibility  of  mobile  radio  tele- 
phone service  in  many  other  cities 
of  the  country. 

In  metropolitan  centers,  the  plan 
is  to  use  transmitters  of  about  250 
watts  power  operating  in  the  band 
between  152  and  162  megacycles. 
Receiving  stations  are  to  be  located 
at  various  points  to  pick  up  signals 
from  the  15-watt  mobile  units.  The 
path  of  a typical  call  is  shown  in 
the  illustration.  Each  mobile  unit 
will  use  a single  antenna  for  both 
sending  and  receiving. 

Calls  to  and  from  motor  vehicles 
will  be  handled  by  special  operators, 
the  calls  traveling  part  of  the  way 
by  wire  and  part  by  radio.  A caller 
at  her  desk  dials  or  asks  for  the 
vehicular  operator  and  gives  her 


the  call  number  of  the  vehicle.  By 
dialing  a code  number,  she  causes 
an  audible  or  visual  signal  in  the 
vehicle  to  indicate  to  the  driver 
that  he  is  wanted. 

The  operator  of  a mobile  unit  can 
originate  calls  by  picking  up  the 
telephone  and  pushing  a button  to 
signal  the  vehicular  operator. 

Another  type  of  radiotelephone 
service  which  will  be  tried,  would 
furnish  two-way  voice  communica- 


F-M  Converters  i 

Announced  at  a meeting  of  the  . 
pioneer  f-m  radio  manufacturers  I 
in  New  York  recently  is  a new  unit 
capable  of  providing  f-m  broad-  q 
casters  with  simultaneous  trans- 
mission  on  frequencies  in  both  the 
present  42-50  me  and  the  new  88-  *1 

106  me  bands.  New  receivers  are  q 
being  designed  with  two  f-m  bands  t 
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OAmmUMOL  FACILITIES 
FOR  UHF  DESIGN  AND 
POST-WAR  PRODUCTION 

Two  things  are  vitally  necessary  for  the  design  and 
production  of  UHF  equipment  . . • specialized  knowl- 
edge and  special  equipment.  We  have  both.  Lavoie 
engineers  are  highly  specialized  along  UHF  lines.  In 
our  planL  the  equipment  and  shop  practice  are  centered 
on  UHF  requirements. 

Lavoie  service  is  available  to  you  either  in  the  form  of 
technical  recommendations  only,  or  we  can  develop 
your  ideas  in  actual  physical  form.  This  applies  to  ab- 
solutely new  ideas  or  to  the  betterment  of  present  ideas. 
We  invite  consultation. 


I 


UHF  HARMONIC  FREQUENCY  GENERATOR 
PROVIDES  output  voltages  which  are  mul- 
tiples of  10  or  40  megacycles  with  CRYSTAL- 
CONTROLLED  accuracy. 

RECOMMENDED  FOR:  the  calibration  of  re- 
ceivers, wavemeters,  or  using  internal  beat 
detector  for  calibration  of  oscillators  and 
signal  generators. 

UHF  PRECISION  FREQUENCY  METER 

Completely  portable  ~j 

Models  available  B 
trom  100  to  1500  meg- 

acycles  with  2 to  1 _ Tf  fi 

irequency  coverage 
on  each  model 
Available  only  on 

high  priority.  ■ 


Specialists  in  The  Development  of  UHF  Equipment  

and  in  The  Manufacture  of  UHF  Antennas 
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Match  Fine  Workmanship 
with  Materials  that  LAST! 


KESTER  CORED  SOLDERS 

Assure  Permanente 


Workmanihip  is  only  as  good  as  the  materials  used)  Workman- 
like soldering  requires  an  accurately  compounded,  pure,  balanced 
solder  — one  that  holds  tight  against  bending,  vibration,  shock,  con- 
traction, and  eipansion.  K ester  assures  such  permanence! 


K ester  Cored  Solders  are  unexcelled  for  high  quality  and  unvarying 
uniformity.  Kester's  44  years  research  and  practical  experience' 
gives  you  the  right,  permenent  solder  for  every  type  of  work. 


Virtually  mistake-proof.  Kester  Cored  Solders  ere  applied  in  one 
simple  operation  because  the  positive  acting  flux  is  contained  right 
in  the  core  — forms  tight,  clean  solder-bonds,  sure  to  stay  put! 


Specify  Kester  Rosin-Core  Solder  for  electrical  connections Kester 

Acid-Core  Solder  for  general  work.  Both  are  available  In  a wide 
range  of  core  and  strand  sixes.  Consult  Kester  Engineers,  without 
obligation,  on  any  soldering  problem  you  may  have. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Avenue  Chicago  39.  III. 
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to  provide  reception  in  both  the 
present  and  new  channels.  The 
transmitter  converter  is  applicable 
to  transmitters  of  any  manufac- 
ture, supplies  1 or  3 kw  output 
power  at  any  frequency  in  the  new 
band,  requires  no  additional  moni- 
toring, and  is  supplied  by  Radio 
Engineering  Laboratories,  L.  I.  C., 
N.  Y. 

Good  Engineering  Practice 

Proposed  standards  have  been 
drawn  up  by  FCC  to  serve  as  a 
basis  for  discussion  of  good  engi- 
neering practice  by  f-m  broadcast 
stations.  They  have  not  been  ap- 
proved by  the  commission. 

Included  in  the  contents  of  the 
notice  announcing  the  proposals 
are : engineering  standards  of  allo- 
cation; topographical  data;  inter- 
ference standards;  field  intensity 
measurements  in  allocation;  trans- 
mitter location;  antenna  systems; 
standard  lamps  and  paints;  trans- 
mitters and  associated  equipment; 
indicating  instruments ; auxiliary 
transmitters;  operating  power- 
determination  and  maintenance; 
frequency  and  modulation  monitors 
at  auxiliary  transmitters;  require- 
ments for  type  approval  of  trans- 
mitters, frequency  monitors,  and 
modulation  monitors;  approved 
transmitters,  frequency  monitors, 
and  modulation  monitors;  and  ap- 
plication forms. 

Hearing  Aid  Standards 

After  eighteen  months  of  active 
compilation  and  testing,  the  Ameri- 
can Hearing  Aid  Association,  77 
W.  Washington  St.,  Chicago  2,  111., 
has  released  a set  of  specifications 
covering  the  scientifically  accurate 
measurement  of  performance  char- 
acteristics in  hearing  aids. 

Drawn  up  by  a group  of  hearing- 
aid  engineers  forming  a special 
committee  for  this  purpose,  the 
original  recommendations  were 
tested  by  being  put  tentatively  into 
actual  practice  in  the  laboratories 
of  manufacturers.  Experiences 
were  reported  back  to  the  commit- 
tee and  modifications  made. 

It  is  the  expectation  of  AHAA 
that  the  material  will  eventually  be 
issued  by  American  Standards  As- 
sociation, perhaps  in  expanded 
form.  The  present  publication, 
copies  of  which  can  be  obtained 
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quencies  from  4,000  on  up  to  10,000 
cycles  — with  a negligible  effect  on  volume 
and  without  loss  in  the  bass. 

Unit  540  can  be  used  with  two  record- 
ers to  record  or  play  back  continuously 
by  switching  from  table  to  table;  to  make 
two  identical  records  at  the  same  time; 
or  to  'dub'  from  one  table  to  the  other  as 
in  copying  a recording  played  on  one 
table  and  recorded  on  the  other. 

Unit  540  is  compactly  designed  to  fit 
into  a light-gauge  metal  trunk  measuring 


17"  x 18"  x 11".  It  can  also  be  rack 
mounted.  And  provision  has  been  mane 
in  the  inputs  and  outputs  to  permit  opera- 
tion  under  many  varying  conditions  - to 
meet  the  exacting  professional  require- 
ments of  the  radio  and  communications 
fields. 

Descriptive  and  priority  data  are  avail- 
able. Address  Neu>  York  Office:  475  — 
10th  Avenue,New  York  18;  Plant:  88-06 
Van  Wyck  Blvd.,  Jamaica  1,  New  York. 


soimn 

equipme 


ELECTRONICS  -S.pf.mi., 


Unit  540  is  the  latest  model  Fairchild 
Amplifier-Equalizer.  Its  design  permits 
tie  unusual  operational  advantage  of  un- 
Imiled  frequency  selection  over  two  crit- 
^ ranges;  20  to  100  cycles;  4,000  to 
18,000  cycles  with  an  available  boost  of 
0 to  20  db. 

Unlimited  frequency  selection  compen- 
sates for  brilliance-loss  at  the  slower  33-3 
Jpced  and  for  response-deficiencies  of  cut- 
terhead,  disc  material,  pickup  or  speaker 
by  demonically  boosting  the  higher  fre- 
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CLOSEUP  OF  A NICE  JOB 

We  can  honestly  say  that  Electronic  Winding 
coils  are  getting  better  and  better.  They 
have  had  to  be  better  to  satisfy  the  insistent 
demands  of  communications  branches  of  the 

armed  services  and  to  contribute  to  the  de- 
pendability of  rugged  radio  equipment  that 
is  helping  to  save  lives  all  around  the  world. 
Thi$,closeup  of  a nice  job  of  coil  winding 
shows  a complete  RF  assembly  — just  one  of 
the  many  precise  jobs  we  can  do.  If  specifica- 
tions call  for  a coil  of  extra  quality  call  on 
Electronic  Winding. 


E lecftom'Wuufauf  Co. 


5031  BROADWAY 
CHICAGO  40,  ILL. 


★ ★ MANUFACTURERS  OF  EXTRA 
QUALITY  COILS  FOR  PRECISION 
COMMUNICATIONS  EQUIPMENT 


Praising  the  contr 
war  of  OSRD,  the  H 
ations  Committee  rn 
$70  million  for  opera 
fiscal  year,  only  $7, 
budget  estimates. 

One  of  the  feature 
ing  was  testimony  by 
Bush  to  the  effect  tl 
development  job  wou 
large  in  peacetime  il 
15  years.  Radar  rese 
tures  by  OSRD  were  c 
118,342  to  $25  millio 
In  other  appropriati 
General  Brehon  Some: 
the  following  figures, 
of  dollars  for  Signal 
curement,  excluding 
ferred  to  the  Air  F< 
April’s  reorganization. 


Diqitii 


1944 
Act  ml 
procure-  ■ 
meet 

Ground  R*Ur 

Special  Ground. ...  - CS29 

Ground  ind  Vehicu-  ^ ^ 

Telephone  end  We-  ^ 

Wmm I Cable m 

MineUaneoae 


Total, ,IJ 

FM  for  Trucks 

According  to  the  ft- an 
way  Radio,  Inc.,  slj  n1' 
moving  over  America- 
may  eventually  be  linked 
terminals  and  with  ea 
f-m  radio.  The  orgami 
already  asked  FCC  foi  | 
to  equip  100  Chicago  tri 
experimental  basis. 
Advantages  are  that  (i 
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measurement  of  SOi 
Clal  ear  and  assort; 
mounting  of  hearir 
determination  0f 
sponse;  effect  of 
variation ; measur 
distortion  j measuri 
put-output  charactei 
ing  battery  drain;  a 
gain  with  temperati 
ity  changes. 


Research  and  Eq 
Expenditures 


ANTENNAS  A*t 


u ot  a grasshopper  is 
A sensitive  ■ PperiSastr< 

c • . . tunctional  „ r 
ii«p  . 1,111  - ■ • perfectl' 

“«■  Today, 

wise  fit  the  function,  be  it  Radar  or  cc 

We  at  the  Workshop  design  and  manu 

to  meet  the  most  exactmg  electrical  ; 
specifications.  Our  facilities,  which  in 
test  equipment  for  measuring  antenr 
and  impedance,  provide  us  with  fu 
beyond  the  reach  of  the  average  man 


If  you  have  an  antenna  problem 
ultra- high,  or  microwave  frequen 
touch  with  us  — we  are  anxious  to 


•e  WORKSHOP 

associates 

»«  _ ff>crt^eia 
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W FABRICATED  1 
PARTS 

AND  ASSEMBLIES 

OF 

SOLID  AND  LAMINATED 
. PRECIOUS  METALS  a 


At  the  advent  of  war  we  created  an  entirely  new  department  for 
the  manufacture  of  fabricated  parts  and  assemblies.  With  a half 
century  of  experience  to  draw  on,  our  training  in  precision  work,  the 
care  and  attention  to  detail  necessary  to  production  of  fine  decorative 
parts,  the  metallurgical  experience  and  the  understanding  of  fine 
finishing,  proved  of  immense  value  in  meeting  the  exacting  require- 
ments of  industrial  parts. 

This  department  today  is  producing  such  critical  items  as  collector 
rings,  radio  and  radar  parts,  aircraft  instrument  parts,  copper  finned 
radiators  for  power  tubes  and  other  specialized  fabrications. 

Working  on  the  sheet,  wire,  and  tubing  which  we  fabricate  in  our 
mill  operations,  we  are  able  to  carry  out  punch  press  and  deep  draw- 
ing work,  milling,  turning,  grinding,  and  drill  press  operations.  In 
addition,  we  have  facilities  for  silver  soldering  and  silver  furnace  braz- 
ing and  fine  polishing. 

To  assist  you  in  the  application  of  our  products  to  your  products  we 
are  maintaining  a staff  of  thoroughly  experienced  metallurgists,  chem- 
ists, designers  and  consultants  ...  an  up-to-date  research  and  testing 
laboratory  . . . and  a splendidly  equipped  tool  room.  These  are  all 
at  your  service  to  cooperate  with  your  own  staff  to  the  full  extent  of 
our  facilities. 

Your  inquiries  are  cordially  invited.  Ask,  too,  for  a 
copy  of  our  new  descriptive  folder. 


PRODUCTS 


WIRE  • TUBING  • SOLDERS \ 
FABRICATED  PARTS  AND  ASSEMBLIES 


SHEETS 


D . E . M A KE  PEACE  CO. 

MAIN  OFFICE  AND  i». ATTLEBORO  Massachusetts 


MAIN  OFFICE  ANO 
New  York  Office.  30  Chord' 


ATTLEBORO,  MASSACHUSETTS 
| Chicago  Office.  55  East  Washington  St. 
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ln°ads;  and  help  can  fc 
in  cases  of  accident 
failure. 

. One  250-w  trans* 
jected  to  serve  as  a c 
for  trucks  entering 
Chicago.  A 30-w  p( 
station  is  also  includi 
cies  of  42,000  and  3 
being  requested  and  th 
is  that  reliable  commi 
be  established  within 
40  to  50  miles  from  t 
tion  with  spot  commui 
sible  to  distances  of  8( 

RMA  Activities 

Winding  up  the  21st 
operations,  Radio  Mi 
Association  had  a pro 
ship  meeting  in  Chic 
June.  Annual  report 
lished  and  have  been 
R.  C.  Cosgrove  wa 
president  of  RMA  for  a 
while  two  new  vice  pre 
F.  Balcom  and  George  I 
elected  to  succeed  David 
and  Walter  Evans.  One 
tor  was  elected,  H.  J. 
Machlett  Laboratories- 
places  W.  P.  Hilliard 
Radio. 

Speaking  of  his  predi 
the  postwar  future  of  thi 
dustry,  Cosgrove  envisioi 
crease  of  66  percent  in  er 
and  a competition  so  ai 
price  controls  would  be 
unnecessary.  During  t 
months  of  civilian  produ 
expects  actual  losses  be 
limited  production  and  hi 
Membership  was  broui 
new  high  of  256  by  the  a 
of:  Argus,  Inc.,  Ann  Arbo 
Astatic  Corp.,  Conneaut 
Call-A-Phone  Mfg.,  Chicag 
Radio,  Quincy,  III.;  Littelf 
Chicago,  111.;  Madison  E 
Products,  Madison,  N.  J.l  S 
Coil  Products,  Chicago;  ' 
Radio,  New  York;  Thomas 
ner  Steel  Products,  Ind. ; an 
darson  Electric  Mfg.,  Chicaj 

Previously-announced  ad 

to  the  roster  included  the 
ing  concerns : Armour  R 
Foundation,  Chicago  (** 
member) ; ARF  Products, 
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ENCOMPASSING  ALL  FIELDS 
. t ( SPEED 
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On  all  points,  Harvey-Wells  communications  by  the  armed  forces  is  "nmf 

pruor  positive”  o 

«iuipment  meets  the  need  for  high  fidelity  in  trans-  their  ability  to  deliver  completely  dependabl 
mission  and  reception.  service. 

Tta»gh  intensive  testing  methods  and  exclu-  The  „„„s„,lly  high  s,andart,s 

sive  “peering  techniques,  Harvey-Wells  systems  Harvey-Wells  receivers  and  transmitte 
have  made  important  contributions  to  communica-  guarantee  of  maximum  effici 
tons  in  vital  war  operations.  Their  wide  use  communications.  ° pCaCetim 


««K*, 


ENGINEERING  CO. 

35  • Burbank  * California 


CINE 


chTst’ 1,1 : & 

Chicago;  TobeDeutschi 
Canton,  Mass.  ;pinchT 

“t’ons  Inc.,  Passaic,  ; 

lett  Packard  Co.,  Pai0 
Jefferson-Travis  Radio 
New  York  City;  Perm( 
cago;  The  Radio  Crafl 
cago;  and  The  Radios 
oratory,  Evanston,  III. 

A reorganization  has 
neered  by  which  the  I 
makers  will  be  transferri 
amplifier  and  sound 
group  to  the  parts  divi 
tion  chairmen  in  the  latl 
for  1945-6  are:  coils, 
Muter;  fixed  capacity 
Hetenyi;  fixed  resisto: 
Stackpole;  instruments,  i 
lett;  insulations,  John  1 
metal  stampings,  S.  L.  G 
tics,  John  J.  Bachner 
Frank  Holmstrom;  spea 
Henry  C.  Forster;  specie 
W.  R.  MacLeod;  switchi 
A.  O’Reilly;  transforms 
A.  Hoagland;  variable  < 
Russell  E.  Cramer;  varia 
ors,  H.  E.  Osmun;  vibra 
F.  Sparrow;  and  wire.  R.  I 


n m flFLAT  Contacts 

reduce  noise,  prolong  service  life 


VARIATEN  contacts  and  brush 
surfaces  make  contact  over  their 
entire  area  because  the  contacts 
are  ground  flat  and  the  brushes 
stone-lapped,  not  buffed.  Buff- 
ing produces  rounded  surfaces 
arid  therefore  a "point”  contact 
highly  susceptible  to  noise.  Vari- 
aten  brushes  move  from  one 
contact  to  the  next  without  rock- 
ing motion.  The  resulting  per- 
pendicular spring  pressure  at  all 
positions  allows  us  to  take  ad- 
vantage of  the  natural  resiliency 
of  metals  to  provide  a com- 
pletely flat  contact  over  the  en- 
tire brush  surface  at  all  times 
and  so  reduce  noise  and  length- 
en service  life. 

N*  rarfcM  resistors  ore  esod  hi 
lay  Voriotea  Mixer . . . 

All  are  of  stable,  wire-wound 
construction.  Most  are  step  type. 
Where  quiet  operation  is  the 
major  consideration,  we  recom- 
mend ladder  type  mixers  because 
the  circuit  requires  only  one  con- 
tact brush  operation  on  the  input 
side  of  the  circuit  and  any  pos- 
sible brush  noise  is  therefore  at- 
tenuated along  with  the  signal. 

By  all  means  compare  circuits, 
construction  and  features  of 
these  mixers.  From  the  hundreds 
of  Variaten  attenuators  you  may 
select  the  attenuators  best  adapt- 
ed to  your  specific  needs.  Write 
for  the  Variaten  Catalog  today. 


VARIATEN  #1218 

" t ” Gnvit-Hi  db  per  step;  30  It  600 
tbmt  impedance.  Price,  F.O.B.. .$17.30 


Noise  Standards 

American  business  will 
pate  in  international  work 
ards  covering  the  meas 
radio  noise  interference 
ASA  (American  Standards 
tion).  Active  participal 
probably  wait  until  the  c< 
of  research  now  being  cs 
in  this  country.  But  the  i 
Standards  Association  hai 
to  an  immediate  interch 
technical  information  on 
ject  with  other  countries 
through  the  United  Nation 
ards  Committee. 


VARIATEN  #1156 
Ladder  Grcuit-lVi  db  per  step;  30  it  600 
ohms  impedance.  Price,  P.O.B... $12.30 


RMA  Production  Cod< 

Meeting  in  Montreal,  U. 
Canadian  RMA  boards  of  d 
and  officers  recently  discuss 
problems.  Among  other  ai 
an  RMA  code  was  approved 
to  be  used  in  identifying 
tion  of  radio  apparatus,  a, 
developed  by  the  data  bureai 
RMA  engineering  departmi 
Assignment  has  been  m 
three-digit  figures  to  firms  r 
from  101— Admiral  Corp.  to 
Zenith  Radio  Corp.  Markmi 


VARIATEN  #\ 658 

Ladder  Circuil-2V)  db  per  step;  30  to  600 
ohms  impedance.  Price,  P.O.B. . . $3.75 
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The  atlas  organization,  long  recognized 
leading  industrial  manufacturers  for  its  ability 
handle  intricate  problems  in  Engineering,  De- 
ling, Tooling  and  the  creation  of  special  Auto- 
»tic  Machinery,  now  offers  an  additional  service 
t a few  concerns  who  may  require  it. 


waing  these  war  years  we  were  called  upon  to 
feign,  equip  and  maintain  in  operation  a high 
super-precision  assembly  department  for  the 
induction  of  critical  Radar  equipment  and  excep- 
tionally intricate  instruments.  The  important  work 
•signed  to  us  has  been,  and  is  now  being  produced 
B io  entirety,  consistently  meeting  the  time  sched- 
ules and  precision  standards  demanded. 

p you  have  an  idea  or  formulated  product  which 
■you  would  like  to  sub-contract  for  unit  production. 


'"cieiicy 

we  offer  the  services  of  a group  comprising  mo  e 
than  400  skilled  Engineers,  Designers  and8  Tool 
makers,  together  with  the  finest  machine,  assemblv 
and  testing  sections  available  for  precise  production. 

Discussion  of  this  interesting  subject  with  our 
key  men  may  solve  your  present  problem  and  pos- 
sibly get  you  off  to  a competitive  advantage  in 
postwar  production.  In  other  words,  may  we  lift 
a load  off  your  shoulders  onto  ours”?  Write  or 
wire  for  a conference.  te  ot 


atlas  tool  A D F , ANY 

DES|Gning  Comb. 

castor  & Kensington  aves..  Philadelphia  *NY 

A 24’  PEN”snvAN,A 


ll  , llllli  ; , i 
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*liutrvmml  Rtdifif  and  Bafanctd  Kmtlanca  Ml- 
work  all  nabinad  in  cemaniant  plug  unaUr 

Here  is  a brand-new  development  by  Conant 
to  meet  the  demand  for  applications  involving  the 
balanced  bridge  principle  in  AC  operation. 

Example:  The  conversion  of  standard  Wheatstone 
bridge  instruments  to  AC.  In  such  applications, 
the  AC  accuracy  and  performance  are  equivalent  to 
DC  operation  on  the  same  instrument.  Null 
indication  is  not  affected  by  temperature,  frequency, 
wave  form  or  line  voltage  fluctuations. 

This  is  but  one  of  the  multitude  of  uses  for 
BALAC  (trade  mark— patent  applied  for). 

Write  or  wire  today  for  detailed  information. 


6500  0 STREET,  LINCOLN  5,  NEBRASKA,  II.  S.  A. 


2017  Grand  Ave.,  Kansas  City  8,  Mo. 
1212  Camp  St.,  Dallas  2,  Taxes 
Boulevard  N.  EL,  Atlanta,  Go. 
Groar  Ava.,  St.  Louis,  Mo. 


1526  Ivy  St.,  Denver,  Colo. 

4214  Country  Club  Dr.,  Long  Beach 7, Cal 
Export  Div.,  89  Broad  St.,  N.  Y.  4,  N.  Y 
SO  Yarmouth  Rd„  Toronto,  Canada 


, ^edbya  fi^J* 

I current  year  „ \8tod«% 

I Z \ f produc«on.  £ 

I Z^ra  are  to 

eluded  eventually. 

Receiver  Licensees 

Radio  receives  rmvk 
licenses  have  been  issued  h! 
to:  Telicon  Corp.,  New 
Symphonic  Radio  & 9 
Corp.,  Boston,  Mass.;  Harr 
Co.,  Los  Angeles;  Scientific 

(Products  Co.,  Council  Bluffs 
and  Franklin  Photographic 
tries,  Chicago. 

Record-Changer  Standi 

Work  is  being  done  by  tM 
engineering  department  j 
standardization  of  record  ch 
pickups,  and  needles.  Beil 
sidered  are  proposed  dime 
standards  of  phonograph  , 
for  home  use,  proposed  ; 
electrical  and  mechanical  9 
tions,  terminology,  and  a at 
warranty. 

Speaker  Standards 

At  a recent  meeting  of  tb 
mittee  on  acoustic  devices 
receiver-equipment  group  of 1 
jeiver  section,  RMA  engineeri 
partment,  discussion  was  hi 
speaker  mounting  dimension 
iilhouettes.  As  a result,  the 
>f  correlating  data  was  divid 
10  that  each  size  unit  will  bi 
lied  by  a single  individual. 

The  following  distributor 
stablished:  3i  in.,  R-  C.  Be 
’ermoflux;  4 in.,  S.  Zuerker,  t 
n„  J.  Q.  Tiedj'e,  General  B 
nent;  51  in.,  R-  S.  An 

itromberg-Carlson;  61  ' 

[oily,  Radio  Speakers;  J » 1 
wift,  Philco ; 8 in.  H.  & 
ensen  Radio  Mfg. ; 4 X “•> 

uam,  Quam-Nichols; 5 X i» 

. Marquis,  Operadio  aW> 

,.  C.  E.  Hoekstra,  Magnavox 

Dam  Radio 

Under  the  terms  of  bids  rece 
opened  by  the  Federal  Burea 
Reclamation,  shortwave 
equipment  for  emergency  an 
ational  communication  UP. 
between  remote,  inaccessibly 
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I ^Auct  vou’ve  got  the  sales 
gj Jgl  sizzle  piece  of  capital. 

„ fed  you’ve  got  to  get  a plant, 
d winery,  and  set  up  a pro- 


iia<tata  capital!  And  when  you  get 
X “mtandismg  your  product 
X trade  and  to  the  consumer,  that 
^ to  be  spread  woefully  thin. 


“Divide  and  Conquer" 

divide  the  job  into  "manufacture’’ 
feribution”,  and  concentrate  your 
'T£r  (capital  and  your  manpower  on  one 
i time.  BUT  reverse  the  usual  pro- 
nd  get  going  on  the  distribution  first. 

; t product  into  the  hands  of  dealers 
7 lepublic,  without  waiting  to  set  up  a 
' of  your  own.  That  can  come  later, 


rj  yrtant  thing  is  to  get  there  with  the 
fct.  Get  entrenched  in  distribution 


scramble  afleati  of  th  " 

^goods^P^fea 

u„_. 


®»*Me  chunk  Ubb?Vest>w 

schedule  if  you 

You  may  find  that  we , ° h” 

motion  comes  natoS.*®  and  withou‘ 

Let  us  take  over  the  Drorhio^ 
you  concentrate  your  camtal 


* * * 

Write  on  your  business  stationery  for  48-page  b 
Lewyt  Do  It" -the  story  of  the  Lewyt  organizatu 
tures.  Lewyt  Corporation,  62  Broadway,  Brooklyn 


WH0K1MN  50  YEWS  A CONTRACT  MANUFACTURER . . . EXPERTLY  STAFFED  TO  PRODUCE 
* *W*M.  ASSEMBLIES.  COMPONENT  PARTS  AND  SUB-ASS  EM  SUES,  TO  THE  liner  I/0""***  ELECTRON* 

T EXACTWC  requirements 


CONTINUE  BUYING  WAR  Bq 
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Communication! 

Recently  publishi 
compilation  for  tt 
December  1943  of  i 
communications  in 
United  States.  C 
sections,  the  book  st 
cial  and  operating  i 
telephone,  wire-tel< 
cable  and  radiotele 
and  controlling  com] 
eludes  with  financial 
data  relative  to  stan 
stations  and  networi 
section  includes  ge 
and  statistical  data 
revenues,  tangible  [ 
ployment  and  comr 
radio  homes  in  the 
by  districts,  regions, 
Copies  are  availa 
Superintendent  of 
Washington  25,  D.  C 
each. 


WE  HAVE  EQUIPMENT 

FOR  ANY  TYPE  OF  TREATMENT: 

Hermetic 

Wax 

Varnish-impregnating 
Baking,  vacuum-impregnatina 

Oil  filling 

We  have  a completely 
equipped  laboratory  with  Q 
meters,  twin-“T”  bridges 
and  special  bridges  ...  for 
frequency  analyzing  and 
Prime  standard  of  fre- 
quency. 


Radio  coils 
Solenoids 
Bank-wound 
Universal 

Universal  progressive 
Paper  section 
Layer-wound 
Toroids 

From  the  middle  of  the 
voice  frequency  to  ultra- 
high  frequency.  Electronic 
and  radio  equipment  of  all 


Capacitor  Standai 

Fixed  CERAMic-dieled 
are  covered  in  stand 
No.  157  distributed 
data  bureau  and  cover 
characteristics,  desij 
markings,  test  metho 
component  selections, 
been  circulated  for  c 
criticism. 


NAB  Activities 
Recent  announcemei 
(National  Association 
casters)  revealed  the 
to  its  presidency  of  Af 
tice  Justin  Miller  of 
States  Court  of  Appeal 
J.  Harold  Ryan.  Ry« 
to  the  vice-presidency  i 
managership  of  Fort  Ii 
Toledo,  Ohio. 

Other  office  holding 
Frank  M.  Russell,  NBC, 
Stanton,  CBS,  as  networ 
and  G.  Richard  Shafto, 


• .■  • work  on  complete  unh^b^  sub-assembly  work 

ties  as  well  as  small  nunrh  ^ere  abl(-d  to  our  various  facili- 
minal  assembly  . sSdterina  w"°rk  ’ ' ^ng  and  ter- 
product  design.  ^es^,n8  • • • original  design  and 

*"**  h «>  WIH, M oblige, ion. 

COMMUNICATION  PARTS 

irNO"H  PAUl,NA  CHICAGO  22,  ILLINOIS 


September 
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REACTANCE 
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o' ^Specifications: 

5#C.  ELECTRONIC  VOLTS: 

H Megohms  input  resistance) 

3/15/30/75/ 1 50/300/750/ 1 500/3  0 00  Volts. 

testfc.C.  VOLTS: 

1,000  Ohms  Per  Volt) 

WlHo  3/15/30/75/150/300/750/1500/3000  Volts. 

A.C.  VOLTS: 

1,000  Ohms  Per  Volt) 

L 0,9  VI5/30/75/1 50/300/750/ 1 500/3000  Volts. 

£ &C.  CURRENT: 

» 3/15/30/75/ 1 50/3  00/7  50  Ma.— 0 to  3/15  Amperes 

jj*  Model  400  comes  housed  in  a rugged  crackle- 
pd*  with  batteries,  two  sets  of  test  leads,  one  se 
instructions.  Size  5tt"k9y2aaxl0",  Net 


RESISTANCE: 

0 to  1,000/10,000/100,000  Ohms— 

0 to  1/10/1,000  Megohms 

CAPACITY:  (In  Mfd.) 

.0005— .2  .05—20  .5—200 

REACTANCE: 

10  to  5M  (Ohms)  100— 50M  (Ohms) 

.01 — 5 (Megohms) 

INDUCTANCE:  (In  Henries) 

.035-14  .35-140  35-14,000 

DECIBELS: 

— 10  to  -f  18  4-10  to  4-38  JTO, 

■ +30  to  +58 

itee!  cabinet  com-  ^ 

T.V.M.  probes  and  & C ~ 


SUPERIOR  INSTRUMENTS  C 

DEPT.  227  FULTON  STREET.  NEW  YORK 


FLEXIBLE  shafting 

OR  REMOTE  CONTROL  tun  » 

Ol  AND  POWER  TRANSMISSION 


laUsle7n,  mak/G  y°,UI  Products 
t Slmp,er'  foster  to  op- 
erate, if  you  centralize  their  con 

S7n^fer-TurnerFle^le 

bhaftmg.  They  will  be  lighter 
of  thee]  6 CO"?.pact'  too<  because 

In  addition  to  greater  product 

feweSradPea  ' ^ USUally  means 
lewer  design  headaches,  lower 

production  costs,  smaller  inven- 
tories and  increased  output Tr 

catio/  hn‘-  Wh6ther  the  -PPH 
ation  be  remote  control  or 

ournCo10n  0l  fght  P°Wer  loads- 
°ur  long  manufacturing  exDeri 

3o“  ““»"■«  P°»"r 

°0Wublemr  SenSitiVe  COntrol< 

wAbJrTree  °Perati°n  from 

VValker-TurnerFlexible  Shafting 

Write  today  for  latest  catalog. 

WALKER- TURNER  cosine. 

Plainfield,  New  Jersey 


rector  at  large  f°r  medium 
T-  A.  M.  Craven,  WOL,  h, 
°US'y  been  elected  as  the, 
I [1eCtor;at-Iar?e  for  medium, 

i Dlrectors  nt  large  for  smaBl 
i are  Matthew  H.  Bonebrake 
| a"d,  Clair  R.  McCollough. 
while  J.  Leonard  Reinsd 
and  J.  Harold  Ryan,  WW| 
serve  as  directors-at-largej 
stations  for  the  one-year  I 
ginning  July  1. 

Two  amendments  to  the 
have  been  approved,  first  ti 
the  definition  of  large,  sir 
medium  stations  and  se 
broaden  associate  memben 


Loudness  of  Common 

Working  on  research  a: 
helping  individuals  with  i 
hearing,  Dr.  Harold  Westlil 
speech  and  hearing  clinic  al 
western  University  discovej" 
the  word  “strawberry"  is  ( 
easily  heard  of  the  commof 
words  tested. 

Next  in  order  of  audibilit; 

I volume  are  “chicken”,  “oi 
“grandmother”  and  “soldiei 
one  hundredth  word,  whid 
enough  was  “squeak”,  had 
transmitted  at  nearly  threr 
the  loudness  of  “strawben 
fore  it  could  be  understood. 

For  the  test,  each  word  wi 
into  a microphone,  reproduce 
loudspeaker  in  a separate 
proof  room.  A pre-amplifi( 
attenuator  controlled  the  r 
loudness  of  the  signal.  The*, 
ratings  will  be  used,  for  one 
as  a standardized  test  of  hi 
devices. 


AIEE  Officers 

President  of  the  American 

tute  of  Electrical  Engineers  fc 
| year  beginning  August  1 W 
Dr.  William  E.  Wickenden,  I 
dent,  Case  School  of  Applied 
ence,  Cleveland,,  Ohio.  Other 
officers  announced  are:  vie 
dents — E.  S.  Fields,  Cine 
Ohio;  H.  B.  Wolf,  Charlotte 
L.  M.  Robertson,  Denver, 

F.  Evenson,  San  Diego 
L.  Lawton,  Montreal,  Cana 
rectors — J.  M.  Flanigen. 
Ga.;  J.  R.  North,  Jackson, 
and  Walter  C.  Smith,  San 
*sco,  Calif. 

’’’he  annual  report  of 
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A Tribute 

to  all  those  who  helped  in  the 
greatest  scientific  achievement 
of  all  time . . . the 

ATOMIC 

BOMB 

“TO  KEEP  THE  PEACE” 

For  the  inspiration  and  leadership  displayed  by  the  Executive,  Mili- 
tary, and  Naval  authorities ...  to  the  Scientists . . . Engineers ...  to 
Labor,  and  to  those  Companies  that  played  a part  in  this  unprece- 
dented achievement,  General  Cable  voices  the  sentiment  of  America 
in  extending  highest  praise  and  heart-felt  appreciation.  Because  of 
their  scientific  genius,  their  untiring  effort  and  their  complete  devotion 
to  this  gigantic  task,  Victory  comes  sooner  and  all  mankind  benefits. 

General  Cable  Corporation  is  also  justly  proud  of  the  contribu- 
tion made  by  its  own  staff  in  the  engineering  development  and 
manufacture  of  still  secret  and  exceedingly  special  materials  essential 
in  the  production  of  this  device  of  war . . . and  of  P eace. 

GENERAL  CABLE  CORPORATION 


pM  Of  BARB  AND  INSULATED  WIRES 


AND 


CABLES  FOR  EVERY  ELECTRICAL  FUppr)SE 
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ELECTRICAL  DEVELOPMENT 
DEPARTMENT 


TJnIONAIR’S  manufacture  of  electrical  assemblies  to 
customers’  specifications  calls  for  the  use  of  men  with 


tute  showed  a total  membeiJ 
23,072,  and  revealed  that  duif 
year  besides  three  national  j 
cal  meetings  there  had  beea 
meetings  held  by  local  sectid 

Airborne  Electronics 

Based  on  the  estimates  4 
liam  A.  Mara,  the  Bendii  a 
Corp.  staff  executive  in  chat 
developments  relating  to  ts 
sonal  airplane,  there  will  be ; 
siderable  market  for  radio 
other  airborne  electronic  eqon 
in  the  postwar  period.  Thij 
cast  predicts  there  will  be  v 
mum  of  3,500,000  licensed  pi 
fliers  by  1960.  Pointing  out 
this  is  a conservative  estinu 
declared  that  there  would  be  i 
of  some  6,000,000  active  or  i 
tial  fliers  in  the  nation  at  th 
of  the  war  with  a nucleus  of 
000  who  have  been  trained  1 
airplanes.  These  consist  of 
327  private  pilots  holding 
licenses  at  the  end  of  1944;  l 
licensed  transport  and  comm 
pilots;  159,000  pilots  lists 
trained  by  the  AAF  as  of  D* 
ber  1944,  and  47,000  pilots  1 
on  the  United  States  Navy  f 
as  of  December  1, 1944. 


many  specialized  skills. 

The  photograph  above  shows  precision  hand  workers 
laboriously  and  patiently  building  by  hand  the  first  work- 
ing models  of  an  electrical  device.  These  models  will  be 
tested  and  approved  before  quantity  production  of  the 
device  is  undertaken.  Years  of  experience  have  proven  to 
Unionair  and  its  customers  the  wisdom  of  this  step. 

The  time  is  fast  growing  closer  when  our  organization 
will  be  able  to  turn  from  important  war  work  to  work  for 
you.  Write  for  our  new  booklet,  titled,  "Electrical  Assem- 
blies Made  to  Customers'  Specifications,”  to:  Union  Air- 
craft Products  Corp.,  245  East  23rd  Street,  Dept.  E, 
New  York  10,  N.  Y. 


j0arAin 


' F'>- - trical  / 

Issembhes  — Hydraulic  Fittings 
t Fittings  — Junction  Boxes 

:■  r T S CORP  NEW  YORK 

\ 

Including  Scandinavia 

As  a RESULT  of  special  prim 
assistance  granted  by  WPB  h 
Norwegian  government,  the 
direct  radiotelephone  commui 
tion  between  Norway  mil 
United  States  is  expected  to  < 
for  public  use  late  this  year.  1 
ilar  aid  has  been  given  Franc 


Census  of  Laboratories 

National  Research  Council 
busy  compiling  the  8th  edition 
its  directory  “Industrial^ 
Laboratories  in  the  United  Sts 
In  the  7th  edition,  published 
1940,  there  were  2,264  compan 
who  listed  their  industrial  resea 
laboratories,  and  the  Coun 
eager  to  receive  information 
cerning  new  laboratories 
may  have  been  founded  since 

time.  j | 

Research  “»en  are  urged  ‘ 
quire  of  their  directors  whe^ 

questionnaires  have 

as  those  reporting  in  1940 
had  their  printed  statements  * 
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and  Company,  Inc.  ofifer  a brand 
_r.  in  variable  A.C.  voltage  controls.  The 
fe  JjEVOLT  ia  a control  capable  of  providing 
1 130  volts  in  increments  as  small  as  1/10 
Itariation. 


'**CRE\,q^ 


Gil  +. 


current  on  Model  5 is  5 amps,  maximum, 
IS  amps,  maximum  on  Model  15. 


sb  outstanding  control  has  the  additional 
ore  of  “burn  out”  protection.  The  INCRE- 
5tab  <T  it  equipped  with  Klixon  Thermostat 
> rg  lection,  which  provides  absolute  assurance 
ul  short  circuits  or  overloads,  which  in 
past  caused  many  a burned  out  coil  in  the 
P>ble  voltage  transformer. 


s * ■ .. 
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Model  5 

• 5 amps. 

* 0-130  volts 


Model  1 5 

* 15  amps. 

• 0-130  volts 
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Permoflux  Speakers  and  Transformers 
Set  New  Standards  of  Comparison! 

Now  Pannoflux  speakers  tn  a complete  range  of  true-dimensioned 
aizea  from  2'  to  15',  with  power  handling  capacities  from  1 to  20 
watt  a,  provide  the  flneat  aound  reproduction  for  every  application. 

Permoflux  midget  tranaformere,  with  their  many  practical  circuit 
application,  have  literally  revolutionized  efficiency  concepta  where 
aize  and  weight  are  determining  factorz. 

Advanced  engineering  deaignz,  improved  manufacturing 
methode  and  new  materiala  have  all  contributed  their  abate  in  the 
development  of  Permoflux  epeakerz,  tranzformerz,  microphonea 
and  headphonea.  You  can  count  on  Permoflux  to  provide  an  acous- 
tical  unit  to  suit  your  exacting  requirements. 

BUY  WAR  BONDS  FOR  VICTORY! 


PERMOFLUX  CORPORATION 


4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


for  revision.  If  no  questionnaire 
has  arrived,  one  will  be  sent  upon 
request  to  the  Library,  National 
Research  Council,  2101  Constitu- 
tion Avenue,  Washington  25,  D.  C. 
There  is  no  charge  nor  obligation 
for  inclusion  in  the  listing. 

Broader  ASA 

Changes  have  been  made  in  the 
Constitution  of  the  American 
Standards  Association  (ASA) 
which  will  remove  restrictions  con- 
fining its  work  to  “those  fields  in 
which  engineering  methods  apply". 
Thus,  future  standardization  proj- 
ects can  be  in  any  field  which  de- 
serves national  recognition.  Other 
changes  provide  for  specific  men- 
tion of  the  consensus  principle,  by 
which  all  groups  with  an  interest 
in  a particular  standard  have  the 
right  to  a voice  in  its  development, 
and  allow  for  election  to  the  board 
of  directors  of  three  members-at- 
large.  At  present  all  but  the  ex- 
officio  members  of  the  board  are 
nominated  in  rotation  by  the  mem- 
ber bodies. 

End  of  ABSIE 

AT  midnight  on  July  4,  the  Ameri- 
can Broadcasting  Station  in  Eu- 
rope (ABSIE)  went  off  the  air 
after  fourteen  months  of  continu- 
ous operation.  Operated  by  OWI, 
the  station  developed  a tremendous 
audience  estimated  at  one  time  at 
80  percent  of  the  people  of  occu- 
pied Europe. 

Berlin  to  America 

At  the  beginning  of  July,  Press 
Wireless  began  direct  radiotele- 
graph service  between  Berlin  and 
the  Times  Square  control  center  in 
New  York.  The  first  message  was 
one  addressed  to  American  Broad- 
casting Co.,  New  York,  from  one  of 
its  correspondents,  and  was  re- 
ceived at  300  words  per  minute. 
Handled  through  the  mobile  sta- 
tion PX,  transmission  is  later  to  be 
extended  to  voice  and  radiophoto 
services. 

RCA  Scholarships 

Promising  young  scientific  stu- 
dents are  to  be  encouraged  by  a 
scholarship  plan  adopted  by  Radio 
Corp.  of  America  and  recently  an- 
nounced by  Brigadier  General 
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BRONZE  PARTS 


2. 

STEEL  GEARS 


3. 

COPPER  PARTS 
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BRASS  PARTS 
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STEEL  PARTS 
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6. 

STAINLESS  STEEL 
PARTS 


BY  POWDER  METALLURGY... 


POWDER  METALLURGY  permits  low  cost,  high  volume  production  of 
close  tolerance  parts  hitherto  impossible  by  other  methods.  Other  advan- 
| tages  include:  maintaining  high  purity  of  metal  content;  obtaining  a wide 
i range  of  certain  physical  properties . . . with  nominal  material  waste. 


• • • 

FOR  YOUR  POSTWAR  NEEDS. ..High  'Q  ",  high  permeability  lappr.301 
Iron  Cores  for  use  from  400  KC  to  2000  KC.  RADACOR  Iron  Cores  are 


ADACOR7^ I RO N CORES 


also  available  in  a wide  variety  of  sizes,  shapes  and  permeabilities  for 
F.M.  and  television,  in  addition  to  our  complete  line  of  electronic  cores. 


ELECTRONIC  t MECHANICAL  POWDER  METALLURGY 


I 


KMEUSEERROgMI 


DIVISION 


MAGUIRE  INDUSTRIES,  JNC. 

3 75  Fairfield  Avenue,  Stamford,  Conn. 

Earl  S.  Patch,  Salei  Manager 

Safer  Reprerenfativer: 

NEW  YORK,  N.  Y.,  Room  1048,  Grand  Central  Terminal,  E.  J.  Frederick 
CHICAGO,  ILL.,  840  N.  Michigan  Ave.,  Ray  E.Berg,  E.  C.  Wlnkenwerder 
INDIANAPOLIS,  IND.,  108  E.  9th  Sf.,  Queirter  8ror.,  lee  Hlndt 
JENKINTOWN,  PA.,  P.O.Box  244,  D.  M.  Hilliard 
CANADA,  1041  Der  Marchair  Blvd.  Verdun,  Quebec,  W.  T.  Hower 
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The  urgent  demand,  in  peacetime  days,  by  the  aircraft 
and  radio  industries  for  a compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip- 
ment for  the  armed  services. 

Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality-proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for,  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


DYNAMOTORS  • CONVERTERS 
GENERATORS 

POWER  PLANTS  • GEN-E-MOTORS 


PIONEER  GEN-E-MOTOR 

C O R P O R AT  I O N 

5841-49  DICKENS  AVENUE  CHICAGO  39,  ILLINOIS 


Export  Office,  25  Warren  Street,  N«-w  York  7,  U.S.A 
Cable  Addrew  Simontrice,  N Y. 


David  Sarnoff,  the  company’s  preaif 
dent. 

The  plan  provides  for  ten  stul  , 
dents  to  receive  awards  during  thi 
academic  year  1946-46,  thirty  dur 
ing  1946-47,  fifty  during  1947-48  \ 
and  sixty  each  academic  year  there  A 
after.  Each  consists  of  a cask . 
award  of  $600. 

Eligible  students  will  be  thosejl 
enrolled  at  universities  to  bent1 
selected  by  the  RCA  education  com-| 
mittee.  Selection  will  be  madei 
upon  recommendation  of  the  dean  \ 
and  by  approval  of  the  committee, 
which  consists  of  James  Rowland 
Angell,  president  emeritus,  Yale 
University  and  counselor  of  NBC 
(chairman) ; Gano  Dunn,  presi- 
dent, J.  G.  White  Engineering  Co., 
president  of  Cooper  Union,  and  RCA 
director;  C.  B.  Jolliffe,  vice  presi- 
dent in  charge  of  RCA  laboratories;  . 
and  F.  H.  Kirkpatrick,  director  of 
education  and  training,  RCA  Vic- 
tor Division. 


Stratovision 

A TRANSMISSION  TECHNIQUB 

whereby  vhf  and  uhf  signals  will  be 
retransmitted  from  airplanes  flyingjm 
in  the  stratosphere  is  being  plannedl||| 
on  a cooperative  basis  by  Westing- 
house  Electric  Corp.  and  the  Glenn 
L.  Martin  Co. 

The  radius  of  coverage  of  a tele- 
vision or  f-m  transmitter  can  be  in-  - 
creased  from  about  50  miles  for  the 
terrestrial  transmitter  to  about  200 
miles  by  Stratovision,  and  the  power 
required  to  cover  the  larger  area  by 
the  stratosphere  antenna  reduced 
to  about  two  percent  of  that  re- 
quired to  cover  the  smaller  area  a . 
number  of  terrestrial  antennas. 

Slow  speed  aircraft  capable  of 
maintaining  their  position  against  - 
high  altitude  winds  would  circle 
above  the  area  to  be  covered,  re- 
ceiving signals  beamed  up  fro® 
small  studio  relay  transmitters  or 
relayed  to  them  from  other  stratos- 
phere  stations.  The  programs  would 
then  be  retransmitted  to  domestic 
ground  receiving  antennas. 

The  strato-station  airplane  would 
be  controlled  by  an  autopilot  The 
aircraft  crew  would  need  only  make 
minor  adjustments  of  the  controls. 
The  uhf  directional  relay  antenna 
arrays  would  be  kept  focused  on 
the  circling  aircraft  by  servo  con- 
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As  you  weigh  the  future  of  your  new  or  expand- 
ing business,  consider  Southern  New  England. 

Search  where  you  will,  you  won’t  find  a more 
favorable  spot . . . anywhere. 

For  your  business  and  personal  postwar  plan- 
ning, we  offer  an  industrial  booklet  in  full  color: 
"Southern  New  England  for  Tomorrow’s  Indus- 
try”. This  booklet  is  yours  for  the  asking.  Write 
to  P.  E.  Benjamin,  Manager  of  Industrial  Devel- 
opment, The  New  Haven  Railroad,  80  Federal 
Street,  Boston  10,  Mass. 

This  is  one  of  a series  of  advertisements  presenting 
the  industrial  advantages  of  Southern  New  England. 

™ New E3 Haven” 

Serving  SOUTHERN  NEW  ENGLAND  with  a network 
of  rail  and  highway  transportation  that  puts  every 
manufacturer  ON  THE  majn  LINB. 
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Today,  as  always.  Southern  New  England  is  the 
heart  of  the  world’s  richest,  most  highly-concen- 
trated market  . . . the  best  of  all  reasons  why 
industry  should— and  does— make  this  its  home. 

Draw  a circle  500  miles  from  the  center  of 
Southern  New  England  and  you  will  include 
58,000,000  consumers.  Into  that  circle.  Southern 
New  England  pours  not  only  consumer  goods 
hut  its  producer  commodities— machinery,  tools, 
hall  bearings— the  parts  and  equipment  that  keep 
other  industries  going. 

kyond  that  circle  looms  the  great  world  market 
tomorrow  ...  a market  that  will  be  served 
most  efficiently  by  Southern  New  England’s  stra- 
tegically  located  ports. 

Southern  New  England  has  its  personal  appeal, 
too.  For  with  its  many  delightful  residential  com- 
munities, its  hills,  lakes,  and  sandy  beaches  never 
more  than  a few  miles  from  where  you  work, 

1 ern  New  England  is  a great  place  to  live 
and  play. 
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Here’s  a soldering  iron  with  • • • 


***** 

%*ER 


UG^ 

'we'g^ 


* HEATS  IN  ONLY  90  SECONDS  VI 

* MAINTAINS  PROPER  HEAT 

* CAN’T  OVERHEAT  n 

* IESS  RETINNING  NEEDED 

* TIPS  LAST  LONGER  BfJL  _ 

^ ....  The  Kwikheat  Soldering  ron 

* COOL,  SAFE  HANDLE  has  amp|e  reserve  p(Jr  fpr 

* LIGHT  WEIGHT  your  soldering  jobs — 225  watts 

^M£$M  held  in  check  by  a thermostat 
built  right  into  the  iron*  — main- 
S\  faining  ideal  temperature  for  perfect 
Jg soldering  — preventing  overheating 
^WJgM  (which  causes  deterioration  in  other 
f M irons) — prolonging  life  of  tips  and  elimi- 
* M noting  the  need  for  constant  retinnlng.  Be- 
M M sides  these  big  advantages,  the  Kwikheat  Iron 
M !s  hof'  ready  10  use  on|y  90  seconds  after  ptug- 
/Q^ging  in.  It  is  extremely  light  (14  ounces),  well- 
M M balanced,  ond  has  a safe,  cool  handle.  No  wonder 
J Kwikheat  is  a sensation  wherever  it  is  used.  Ask  your 
MM  jobber.  With  choice  of  *0,  1,  2,  or  3 tips.  $11.00 

f JM  * interchangeable  tip  styles 


trailers.  There  would  be  channel* 
for  four  television  and  five  f-m 
stations  to  operate  through  the 
Stratovision  installation.  Power 
for  the  radio  equipment  would  be 
about  four  percent  of  the  motive 
power  for  the  airplane. 

Because  one  airplane  installation 
will  cover  so  large  an  area,  the  oper- 
ational cost  of  Stratovision  will  be 
one-thirteenth  that  of  land  based 
relay  and  transmission  stations. 
Technical  aspects  have  been  solved 
in  connection  with  other  activities. 
As  soon  as  production  is  available 
tests  will  be  conducted. 

Airway  Pulse-Time  Relay 

Pulse-time  modulation  is  to  be 
used  in  a new  u-h-f  radio  relay  sys- 
tem which  is  the  subject  of  an  ap- 
plication to  FCC  by  Federal  Tele- 
phone & Radio  Corp. 

Connecting  New  York  and  Wash- 
ington, this  system  would  be  used 
to  supply  coordinated  information 
to  the  airways  serving  these  cities. 
Ten  relay  stations  would  intervene. 
Frequencies  requested  are  in  the 
following  ranges:  4,200  to  5,200  Me, 
1,226  to  1,325  Me,  and  7,000  to 
8,500  Me,  with  A2,  AS,  A4,  A6  and 
special  emission  and  10  watts  of 
power. 

Safely  Engineering  Joins 
the  Curriculum 

New  York  University  has  been 
given  a grant  of  $8,000  by  The  Na- 
tional Safety  Council  to  permit  in- 
stallation of  safety  engineering 
courses  in  the  College  of  Engineer- 
ing as  an  integral  part  of  basic  en- 
gineering training.  A professor- 
ship will  be  established  and  all  en- 
gineering laboratories  and  shops 
will  be  reorganized  and  reequipped 
so  that  they  will  incorporate  true 
safety  practices.  Safety  will  not  be 
offered  as  a specific  course  but  will 
be  integrated  into  all  other  courses 
of  the  school.  The  slogan  will  be 
"to  make  the  embryo  engineer  un- 
consciously safety  conscious.” 


Industrial  Electronic 
Training  Course 

Lecture  material  consisting  of 
ound-slide  films,  each  approxi- 
nately  one-half  hour  long,  review 
oooklets  with  questions,  and  an  in- 
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IT  CAN'X 
BE  DONE! 


Time  and  again  this  war  has  proved  that 
nothing  is  impossible/  Proved  right  here  in 
our  own  backyard,  as  Temple  engineers  and 
craftsmen  delve  along  unblazed  trails  of  re- 
search and  experiment  to  design  and  produce 
more  and  better  communications  equipment 
for  the  battle  fronts. 

This  ability  to  both  design  and  deliver  the 
seemingly  impossible,  under  stress  of  war, 
has  bred  an  unfailing  inventive  capacity 
that  should  prove  invaluable  in  meeting 
the  vast  commercial  requirements  of  peace. 


Electronics  Division 

TEMPLETONS 
RADIO  MFG.  CORP. 

New  London,  Conn. 
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FACSIMILE  COMMUNICATIONS 

11945 

Since  1 935,  the  engineering  staff  of  Times  Telephoto  Equipment  Inc. 
and  its  predecessor  company  has  been  engaged  exclusively  in 
developing  and  producing  facsimile  communications  equipment. 

Times  Telephoto's  long  experience  in  this  new  and  revolutionary 
field  of  communications,  its  leadership  in  design  and  practical 
application,  will  be  invaluable  to  the  postwar  user.  These  facsimile 
sets  are  used  for  sending  and  receiving  written  and  printed  matter, 
photographs  and  maps.  They  are  standard  equipment  of  the 
U.S.  Signal  Corps,  Army  Air  Forces,  Navy,  the  Office  of  Wa. 
Information  and  some  commercial  companies  and  foreign 
governments. 

When  all  military  needs  have  been  met.  Times  Telephoto  Equipment 
Inc.  will  be  ready  to  supply  facsimile  communications  equipment 
especially  designed  to  meet  your  particular  requirements.  Write 
today  for  your  copy  of -the  booklet,  “Elements  of  Facsimile 
Communications." 


TIMES  TELEPHOTO  EQUIPMENT  INC. 


A Subsidiary  of  The  Now  York  Timas 


229  West  43  Street 


New  York  18,  N.Y 
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74*ut4uaC  and  ‘Vital 

ELECTRONIC  EQUIPMENT 


PRODUCED  BY 


TECH  LAB 

SUBCONTRACTING  DEPT. 


Manufacturers  Have  continually 
called  upon  the  modern  facilities 
of  Tech  Lab  Subcontracting  De- 
partment to  assist  them  in  the 
production  of  unusual  and  vital 
electronic  equipment.  Our  Engi- 
neering Department  is  ready  to 
assist  you  with  your  production 
problems. 
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ITEM 

GOOD  COMMERCIAL  TOLERANCE 

„ f Less  than  i* 
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(plane  surfaces) 
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^ faces. 
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CASTING  draft 

• I* 

grinding  allowance 



Rvae:  .015 V 1.5  SQUARE 
inches  or  each  surface 
to  BE  GROUND. 

He's  no  Beau  Brummell,  this  rough  and  ready 
permanent  magnet  but  when  he's  measured  up  for 
casting,  he's  just  as  fussy  about  the  length  and 
girth  of  his  trousers  and  about  the  fit  of  tne  coat 
Give  him  a suit  that's  too  baggy  or  skin-tight  and 
he  won't  be  able  to  do  his  best  work. 

Casting  tolerances  for  the  ALNICOS  are  impor- 
tant to  know  when  designing  permanent  magnets. 
Certain  latitude  is  permissible  but  to  stray  beyond 
practical  limits  is  to  invite  trouble.  Many  years  of 
experience  in  designing  and  casting  ALNICO 
Magnets  have  taught  us  much  about  casting  tol- 
erances. Our  ideas  are  summarized  in  the  chart 
shown  at  the  left  and  discussed  in  detail  in  our 
pamphlet  PERMANENT  MAGNET  DESIGN.  If 
you  are  designing  your  own  magnets  you  should 
nave  this  information  handy.  We'll  be  glad  to 
send  you  a copy. 


CINAUDAGRAPH 

CORPORATION 


IMS 


2 SELLECK  STRUT 


STAMFORD.  CONNRCTICIIT 


Digitized  by 


Google 


sss 


1200  WORDS 

per  minute! 


Extraordinary  — but  true!  Mecanitron  has  made 
new  history  in  communications!  This  proven  per- 
formance recorder  equipped  for  either  on-off 
keying  or  frequency  shift  reception  may  be  used 
alone  for  code  transcription  at  any  speed  or  in 
connection  with  teletype  transmitting  and  receiv- 
ing terminal  equipment  for  translation  into  the 
printed  word. 

Constructed  for  all  speeds;  because  of  its  clear, 
accurate  reception  at  1200  w.p.m.,  Mecanitron 
does  a superb  job  at  ordinary  and  low  speeds. 

Pulse  amplifier  output  response  constant  when 
input  power  varies  between  —5  db  to  +25  db; 
input  impedance  500  ohms;  operating  voltage 
ranges  110-120  volts  A.C.  at  50-60  cycles,  220  volts 
A.C.  at  25-50-60  cycles. 

For  further  details,  write  to 

MECANITRON  CORPORATION 
711  Boylston  St.,  Boston  16,  Mass.,  U.SJL 


hermetically  sealed  and  other  t 
formers  and  reactors,  oil-impn 
nated  power  factor  and 
bakelite  capacitors,  and  wire-woJ 
resistors.  These  changes  we| 
provided  in  an  amendment  to  1 
orities  Regulation  13.  Also, 
number  of  restricted  radio 
radar  tubes  was  changed  by 
removal  of  four  tubes  from  the  1 
and  the  addition  of  seven,  making 
total  of  23. 

Educational  Broadcasts.  llndi 
the  auspices  of  FCC,  a thn 
meeting  was  recently  held  in  Wai 
ington  by  educators  represent^ 
schools  throughout  the  counti 
The  objective  was  to  plan  wit| 
SPB  (Surplus  Property  Board)  I 
utilization  of  surplus  radio 
electronic  equipment  in  foeterinj 
and  expanding  educational  pn 
grams.  The  gathering  envision 
an  ultimate  system  of  more 
800  broadcasting  stations  devoti 
exclusively  to  educational  pursuit 
Other  factors  considered  were  tl  / 
possibility  of  using  surplus  equii 
ment  and  components  for  study  ii 
classroom  and  laboratory  as  well.  , 

FCC  Regulations.  Section  6.11  «{,» 
the  FCC  rules  governing  fixed  pub, 
lie  radio  service  has  been  amende! 
to  permit  use  of  A-8  emission  fd 
the  following  purposes:  transmit 
sion  of  addressed  program  mst< 
rial,  as  set  forth  in  section  6.5l 
controlling  the  transmission  and  r(j 
ception  of  addressed  program  mat( 
rial,  and  controlling  the  transmi# 
sion  and  reception  of  facsimile  mat 
terial.  Changes  have  also  bea'* 
made  in  the  requirements  for  per4», 
odical  reports  of  frequencies  use£> 
and  points  serviced. 

Interim  F-M.  Until  the  time  whei' 
receivers  for  the  88-106  me  bandl 
are  available,  FCC  is  encouraginl 
temporary  operation  in  both  band* 
Accordingly,  any  licensee  wishing  d 
operate  in  the  new  band  may  w* 
formally  apply  to  the  Commission 
for  the  temporary  assignment  of  i 
frequency  until  such  time  as  rule* 
regulations  and  standards  a1* 
finally  adopted.  1 

Since  these  factors  are  current 
under  discussion  and  may  be 
changed  or  modified,  temporary  »u" 
thorization  will  not  be  a determine- ^ 
tion  of  coverage,  power,  or  other 
factors  relating  to  the  assignment 
that  existing  stations  will  eventu- 
ally be  given.  Requests  for  tern- 
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Airtomobl1'  Clock  It  wt  by  puihlnq  In  tho 
LJT* dll*nq,g,  It  from  tho  mochan  iim 
*"  ™t-  Tt,«  I*atch  thowt  how  both  tho 
MU  rotation  an  obtained  with  a flexible 
• convenient  point  under  the  doth.  A 

WnWn  k “,,d  °"  •P«»<Jometert  for 
_ '"P  mllaaga. 


THUS. 


This  Marina  Spot  Light  is  rotated  horizontally  by  turning 
the  control  knob  of  the  flexible  shaft  remote  control,  and 
is  tilted  up  by  pulling  the  knob  out,  and  tilted  down  by 
pushing  it  in.  A similar  arrangement  is  used  on  automobile 
spot  lights. 


Send  for  This  256-Page  Flexible  Shaft  Handbook 

This  book  fully  covers  the  subject  of  flexible  shafts.  It  gives 
all  essential  engineering  data  on  both  power  drive  and 
remote  control  shafts  and  explains  how  to  select  and 
apply  them  for  specific  requirements.  A complimentary 
copy  will  be  mailed  if  you  will  write  for  it  on  your  business 
letterhead  and  indicate  your  position. 


DENTAL  MFG.  CO. 


INDUSTRIAL 


DIVISION 


BERT.  «,  10  EAST  40th  ST.,  MEW  TORK  14,  N.  Y. 


FLEXIBLE  SHAFTS 


AIRCRAFT  ACCESSORIES 


MOLDED  ELASTICS 


MOLDED  RESISTORS 


FLEXIBLE  SHAFT  TOOLS 


Okc  of  rfmviioeu  A AAA  ^ncUuttUU  SnUnpiUto 


■VttLe,  | US 


litizedH 


a elwpt*  ^ puvuk 

„,.ED  PUSH^Iii  AND  ROTATIONAL 

!!§£  ™ — remote  control 


Remote  control  of  elements  requiring  push- 
pull  as  well  as  rotation,  can  readily  be  accom- 
plished with  a single  S.  S.  White  Remote  Con- 
trol Flexible  Shaft.  Two  examples  are  illus- 
trated. Designers  of  electronic  equipment 
may  find  occasion  to  use  this  simple  solution 
to  the  problem  of  combined  push-pull  and 
rotational  remote  control. 


THIS  VALUABLE  BOOK 
On  Temperature  Control 


Mailed  to  you 
without  obligation 
immediately 


TO  AIRCRAFT  DEVELOPMENT 
ENGINEERS 

Before  deciding  on  temper- 
ature regulating  devices  for 
your  products,  be  sure  to  in- 
vestigate Fenwal  Thermo- 
switches.  They  operate  on  an 
unusual  principle,  and  offer 
many  advantages  not  found 
in  other  types  of  switches. 
The  Eenwal  Engineering 
Data  Book  contains  detailed 
drawings  of  construction  of 
various  models  and  typical 
installations. 


• Compact  construction  per- 
mits installation  in  tight 
Diaces. 

• Make  and  break  unaffect- 
ed by  external  vibration. 

• Readily  adjustable  for 
wide  range  of  temperature 
control. 

• Minutely  accurate. 

• Adaptable  for  all  types  of 
media. 

• Inexpensive. 

• A 4 -4-page  treatise  on  Thermal 
Control  including  installation 
drawings,  phwographs,  blueprints 
and  descriptive  suggestions  for 
future  planning  with  basic  princi- 

files  involved  in  temperature  refut- 
ation and  control.  . . . Just  wnte 
tor  your  free  copy  on  your  busi- 
ness letterhead. 


"IF  IT’S  A FENWAL— IT'S  THE  BEST  OF  ALL" 


% 


ai.n.imnHrn  r/j 


enwal 
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porary  operation  of  this  type  shou'i 
include  a description  of  the  p> 
posed  transmitting  equipment,  o ■*- 
put  power,  antenna  system,  ,.a 
monitoring  equipment  or  methods. 
Special  authorizations  will  be 
issued  for  90-day  periods  ly  the 
chief  engineer. 

The  Commission  also  points  «ut 
that  the  42-50  me  band  will  u 
closed  as  soon  as  f-m  receivers  are  ' 
generally  available  to  cover  88-106 
me.  This  will  make  it  unnecessary 
to  build  new  receivers  covering  the 
42-50  me  region.  However,  because 
it  will  not  be  necessary  for  an  exist-  j 
ing  f-m  licensee  to  give  up  a fre- 
quency in  the  44-50  me  band  until 
a television  station  is  authorized 
to  operate  in  it,  it  is  considered 
likely  that  few  f-m  stations  will 
find  it  necessary  to  make  an  in- 
terim move  to  the  42-44  me  band 
suggested  in  the  Commission’s  final 
allocation  report 

Broadcast  Power.  After  Sept  1, 
full  power  operation  will  be  op- 
tional as  a result  of  a recent  order 
by  FCC  affecting  broadcast  sta- 
tions. After  October  1 it  will  be- 
come mandatory.  Dating  back  to 
November  6 1942,  the  one-decibel 
power  cut  is  restored  because  WPB 
informed  FCC  that  materials  and 
equipment  for  transmitters  are  now  , 
generally  available.  The  operation  J 
of  standard  broadcast  stations  with  J] 
full  power  is  in  the  public  inter-  I 
est,  and  opportunity  should  be  af-  j 
forded  for  making  the  necessary  re-  > 
adjustments  and  tests  to  return  to  j 
normal  operating  practices.  , 

Also,  since  materials  and  equip-  i 
ment  are  now  available  to  a-m  sta-  I 
tions  for  construction  of  most  I 
facilities  required  by  FCC’s  stand-  I 
ard  of  good  engineering  practice, 
FCC  will  require  that  licensees  who  - 
have  been  permitted  to  operate 
without  fully  conforming  to  stand- 
ards because  of  the  scarcity  of  ma- 
terials must  now  make  application 
for  the  necessary  improvements. 

BUSINESS  NEWS 

Packard-Bell  Co.  is  expanding 
into  the  E.  L.  Cord  Building  at  3443 
Wilshire  Blvd.,  Los  Angeles,  Calif. 
Simultaneously,  the  company’s  en- 
gineering department  will  include 
a research  division. 

Sonora  Radio  & Television  Corp., 
Chicago,  111.,  acquires  the  Sterling 
Wood  Manufacturing  Co.  to  pro-  1 
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more  efficient 
. . . in  miniature 


Manufacturers  of  radio  sets  and 
other  electronic  devices  are  invited 
lo  study  the  advisability  of  using 
miniatures  in  their  new  equipment. 

Tung-Sol  Engineers  would  be  glad 
to  aid  them  in  designing  circuits  and  selecting 
tubes.  All  plans  that  are  disclosed  in  consultation 
are  held  in  strictest  confidence. 


To  clean  and  gen- 
erally maintain  the 
y,  smelly  oil  lamp  was 
a daily  chore.  In  contrast,  the 
compact  incandescent  lamp  that  gives 
many  times  the  light,  requires  no  mainte- 
nance except  a rare  and  easily  installed  replace 
ment.  Its  operation  is  safe  and  simple. 


Just  as  the  incandescent  lamp  opened  up  new 
avenues  for  more  efficient  lighting,  so  the  miniature 
electronic  tube  presents  new  possibilities  in  the 
science  of  electronics.  More  compact  sets 
greater  durability  because  of  small  rugged  parts 
and  better  performance  when  used  in  high  fre- 
quency circuits,  are  advantages  of  using  Tung-Sol 
Miniature  Tubes. 


TUNG-SOL 

wMafam-  faded 

electronic  TUBES 


„ NEWARK  4,  NEW  JERSEY 
T E N G - S O L L A M P W O R K S l ■ • . ^ Lamp3  and  Current  IntermiUors 

Also  Manufacturers  of  Miniature  Incandescent  Lamps,  AU  M 
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Factory  personnel  cannot  of  course  make 
measurements.  They  can  compare  produc- 
tion parts  with  approved  standard  parts  — 
and  with  the  QX-  Checker  these  comparisons 
can  be  made  quickly,  simply  and  accurately. 


p -CHECKER  TYPE  110-A 

The  QX-Checker  is  specifically  designed  for  production  use  to 
check  both  the  reactance  and  resistance  of  any  R.F.  component. 
These  properties  are  simultaneously  indicated  when  a component 
is  resonated  in  a tuned  circuit.  The  two  factors,  reactance  and 
resistance,  are  separately  indicated,  one  on  the  condenser  dial 
the  other  on  the  meter  so  that  the  deviation  of  either  from  estab-’ 
hshed  tolerances  is  immediately  shown.  Insures  uniform  parts 
held  within  close  tolerances.  Frequency  range  100  kc.  to  25  me. 
For  further  information , write  for  catalog  "C” 


BOONTOJr%ADIO 


SOONTON,  N.  J. 


DESIGNERS  AND  MANUFACTURERS  OF  THE  "O'  METER  Ox  CMffxtP 
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duce  radio  cabinets,  the  Rek^Plas- 
tik  Co.  to  manufacture  phonograph 
records,  and  the  Electronic  Parts 
Mfg.  Co.  to  produce  scarce  com- 
ponents. 

Crosley  Corp.,  including  station 
WLW  in  Cincinnati  and  other 
broadcast  facilities,  has  been  sold 
to  Aviation  Corp. 

Wire  Recorder  Development  Corp. 
is  expanding  into  larger  space  in  the 
Field  Building,  135  South  La  Salle 
St.,  Chicago,  111.  The  new  quarters 
will  contain  a studio  for  demonstra- 
tion work. 

Westinghouse  Electric  Corp., 
Pittsburgh,  Pa.  has  just  made  its 
largest  ($3,063)  production-sug- 
gestion award  to  a retired  real  es- 
tate operator  working  in  the  Bloom- 
field plant.  The  suggestion  has  re- 
duced by  62  percent  the  quantity 
of  gold  alloy  wire  required  to  solder 
electronic  tube  parts. 

Aireon  Mfg.  Corp.  has  purchased 
and  equipped  a special  railroad  car 


to  be  used  in  the  demonstration, 
test,  and  installation  of  their  rail- 
road radiotelephones. 

Radio  Corp.  of  America  has  con- 
cluded a new  agreement  with  N.  V. 
Philips’  Gloeilampenfabrieken  of 
Eindhoven,- Holland,  to  permit  con- 
tinuation of  licensing  other  manu- 
facturers under  the  latter  com- 
pany’s U.  S.  patents. 

Maguire  Industries,  Inc.  merges 
the  Ferrocart  Corp.  and  Micro 
Products  Corp.  into  a new  powder 
metallurgy  division.  Both  opera- 
tions have  been  moved  to  375  Fair- 
field  Ave.,  Stamford,  Conn. 

Reeves-Ely  Laboratories,  New 
York,  N.  Y.,  has  consolidated  its 
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. . . by  Revere 

increases  electronic  production 


TP  m«t  the  demands  of  the  electrenic  and  electrical 
industries,  Revere  now  offers  Revere  Free-Cutting 
toppaRod. 

^isisorygen-free,  high  conductivity  copper  containing 
•Smtll  amount  of  tellurium.  This,  plus  special  processing 
nj the  Revere  mills,  greatly  increases  the  speed  with  which 
t metal  an  be  machined,  makes  it  possible  to  hold  closer 
tolerances,  improves  the  finish  of  completed  parts,  lessens 
"I'm,  cuts  costs. 

. ^vae  ftee-Cutting  Copper  Rod  already  has  proved 
Bvaluable  for  the  precision  manufacture  of  certain  interior 
, tu'>e  parts  that  must  be  made  to  exceptional  stand- 
• However,  it  does  not  make  a vacuum-tight  seal  with 
rH’  *n“  OFHC  copper  or  other  metals  and  alloys  must 
pnue  to  be  used  for  that  purpose.  The  rod  is  available 
* tos  up  t0  2"  lnd  in  *11  the  usuai  shapes. 
fci  ' tvae  Technical  Advisory  Service  has  worked  out 
Use  nf 05  °*  * nun'b*r  of  difficulties  encountered  with  the 
i,  C0PP«  and  its  alloys  in  electronics.  May  we  col- 
lar your  problems? 

* ^Human  Adventure  on  tit  Mutual  network  nary 
wtdnutU,  toning,  10  to  10:30  RIFT 


IMS 


CUSTOMERS  REPORT: 

"This  material  seems  to  machine  much  better  than  oiu  p^ious 
hirf  cSppetb":  H cuts,  off  smooth1,,  trices  a very  mce  thread, 
and  does  not  clog  the  die.  (Electrical  parts.) 

"Increased  feed  from  VA"  to  6"  per  minute  and  do  five  at  one  time 

instead  of  two."  (Switch  parts.)  . i,nm 

iillpJlii 

did  not  have  to  remove  by  hand."  (Disconnect  studs.) 


revere 

COPPER  AND  BRASS  INCORPORATED 

Founded  by  Paul  Revere  htlSOl^ 

Executive  Offices:  230  Park  Avenue, New  York  XT,  N.  Y. 
jtMte)'  SaUf1  dittrZtor,  ererywitr. 
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various  subsidiary  companies  and 
operating  divisions.  Now  housed 
in  15  buildings  in  three  states  are 
Beeves  Sound  Laboratories,  Hud- 
son American  Corp.,  American 
Transformer  Co.,  Winsted  Hard 
ware  Mfg.  Co.,  and  Waring  Prod- 
ucts Corp. 

General  Electric  Co.  has  demon- 
strated a model  of  their  postwar 
large-screen  television  receiver, 
giving  a 16  x 22  in.  picture.  Shown 
at  the  same  time  was  a new  com- 
bination radio-phonograph  incor- 


Yours  for  the  asking 

A new  informative  booklet  on  gears. 

It  has  illustrated  sections  ^ on 

practically  every  known  form  of  gearing, 
together  with 


many  reference 
tables  and  formufas.  Write  for 


your  copy 


today  on  your  company  stationery. 

Quaker  City  Gear  Works 


incorporated 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 


porating  an  advanced  design  but 
still  in  tentative  form  because  im- 
provements are  expected.  In  the 
accompanying  illustration,  the  tele- 
vision receiver  is  shown  delivering 
a special  WNBT  program  put  on 
for  the  purpose. 

'to 

Hallicrafters  Co.,  Chicago,  111.,  - a 
hopes,  with  the  assistance  of  spot 
authorization,  to  manufacture  250,- 
000  f-m  converters,  permitting  re- 
ception  on  prewar  f-m  receivers  of 
transmissions  in  the  new  88-106  »» 
me  band.  1,1 

IT*. 

Bendix  Aviation  Corp.  estab- 
lishes a separate  engineering  and  ‘"i 
sales  organization  to  coordinate  de-  *' 
velopment,  manufacture,  an^  " 
marketing  of  low-cost  radio  com-  n, 
munications  and  avigation  equip- 
ment for  personal  airplanes.  K 
comes  under  the  Bendix  Kadio 
Division. 

Frank  H.  McIntosh,  consulting 
radio  engineer,  is  now  located  at 
710  Fourteenth  St.,  N.W.,  Wash-  | 
ington  5,  D.  C. 

Permoflux  Corp.  has  enlarged  its 
manufacturing  headquarters  in  s 
Chicago  to  provide  increased  space 
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Any  port  in  a storm 


. . . but  there  are  no  ports 


More  than  one  tailor  has  said,  “It’s  a 
helluva  place  to  fight  a war!” 

That's  a miracle  of  understatement 
when  you  know  the  Pacific  as  well  as  the 
U.  S.  Navy  knows  it. 

they  know  how  many  thousands  of 
mllos  you  have  to  go  before  you  reach 
•h»  fighting  fronts. 

They  know  there's  almost  continual 
rein  and  bad  weather  to  hamper  opera- 
lions  after  you  get  there. 

And  they  know  there  ore  no  good  ports/ 

Think  of  the  thousands  of  ships,  and 
the  millions  of  tons  of  supplies  it  takes 
to  keep  our  fighting  forces  moving  to- 
ward Japan. 


Imagine,  if  you  can,  the  problem  of 
handling  those  ships  and  supplies  with 
no  port  facilities. 

There  are  no  giant  cargo  cranes. . . no 
miles  of  docks  and  warehouses . . . nothing 
but  beaches,  and  human  backs,  and  a 
refusal  to  call  any  job  impossible. 

Remember,  too: 

It  takes  3 ships  to  do  the  supply  job 
in  the  Pacific  that  I ship  can  do  in  the 
Atlantic. 

It  takes  6 to  1 1 tons  of  supplies  to  put 
a man  on  the  Pacific  battleline,  and  an- 
other ton  per  month  to  keep  him  sup- 
plied. 

It  takes  a supply  vessel,  under  ideal 


conditions,  half  a year  to  make  one 
round  trip. 

Add  up  those  facts,  multiply  by  the 
number  of  sailors,  soldiers,  and  marines 
for  whom  the  Navy  is  responsible. 

Maybe  you’ll  begin  to  realize  what  “no 
ports”  can  mean  in  the  rough,  tough 
waters  of  the  Pacific. 

Maybe  you’ll  see  that  we  have  two 
reasons  to  be  proud  of  the  U.  S.  Navy. 
First,  the  way  they’ve  sunk  the  enemy’s 
ships. 

Second,  the  way  they  sail  your  ships 
. . . taking  the  worst  the  Pacific  can  hand 
them . . . but  keeping  the  supply  lines  open 
. . .keeping  the  attack  on  schedule! 


SPERRY  GYROSCOPE  COMPANY,  INC.  great  neck,  n.  v. 

Ejljjk  Qmiiion  efi/us  y/ierrtf  C&rr/iora&on  t°S  ANGEqeVELAND  ^BROOKLYN  • HONOLULU 


"*KERS  OF  PRECISION  INS  TRUMENTS 

hECTRONICS  — September  1 94i 


for  the  arm  ED  FORCES 


Digitized  by 


Google 


363 


HIGHLY  ACCURATE,  STABLE  VT  VOLTMETER 


features  WAR  RESTRICTED 
DEVELOPMENTS! 

MSktiSTfe  ""““'•j*  appaiiim  for  the  SONIC  to 

VHf  SPECTRUM,  hu  specialized  in  building  dependable  Vacuum  Tub*  Voltmeter!. 

*l*”<kMe  voh.ee  measurement]  within  the  range  of  7 epe  to 

mymytRANCI^  lowest  readable  voltage  is  M volts  on  a maaimum 

HVE  VOLTACB^RANGES-.J.  2,  13,  30,  150— spread  full  scale  on  a 4V**  meter 
££  btS%’orb«t2.-  AcCUr,<7  of  Mdin»*  •"  2%  full  scale;  middle  aahe  accu- 

nu£bd  — detoctauble  gaseabe  to  eliminate  cable  wear;  easily  dls- 

,T  ££,r  lST  tofA  *°Jdcr,n''  *°.  t“,bc  terminal,  for  measurements  in 

STii.i  . .il re*io° L . W’  ?'<•*. br**a  terminals  connect  to  input  to  make  ease 
for  low  frvqoaocr  mrk  up  to  loS  MC,  remJa.bE 
nanana  plugs  are  spaced  % center  to  center  for  use  with  standard  jacks. 

^9^wI*A(c.hi2r,^T?U<5T,0,'t~2f  aluminum  throughout;  panel  and  cabinet 
. (<?l?ina  rarlural.) ; sub-chassis  it  V,-  and  spaced  o ff  *e  pmiel  bTSudf 
to  simplify  servicing,  all  components  are  fastened  to  sub-chassis. 

ELECTRICAL  CONSTRUCTION  AND  CIRCUIT— Series  200A  utilizes  the  fin~r 
components  throughout  and  carries  a two  year  guarantee  The  circuit  is  ■ srahi* 

SFiEwjS-rfESS  .»o?>H 

hv**iit»  tS? *ntAiiA<liane  ■diu«er  is  available  to  make  the  unit  usuable  without  heat- 
ing  up  time.  All  filament  and  plate  voltage,  are  tr.nrformM^d  tuU  S^I.^d 

BUILT-IN  CAUBRATION  VOLTAGE — All  units  have  a lack  which  nrodurv  . 

130  VOltS  I 


■*MA  : !P  ine  eTen*  tubes  are  replaced 

“t,*facTori,y  from  an7  source  of  voltage 
c.  Line  voltage  surges  are  not  observable  during  use. 


from  93  to 


SIZE— 14*H  x 9%*W  x 7Vj*D.  Guaranteed  2 years.  Price  $170.00  F.O.B.  Chicago. 


7466  IRVING  PARK  ROAD 


CHICAGO  34,  ILLINOIS 
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for  production,  engineering,  and 
research. 

Demuth  Glass  Works  Inc., 
Brooklyn,  N.  Y.,  has  been  taken 
over  by  Foster-Forbes  Glass  Co., 
Marion,  Ind.  The  company  manu- 
factures electron  tube  envelopes, 
besides  other  glass  products. 

Toth  a Loeber  is  the  name  of  a 
new  firm  of  engineering  consul- 
tants consisting  of  Albert  F.  Toth 
and  John  F.  Lorber  and  located  at 
88  Park  Row,  New  York  7,  N.  Y. 
Specialties  will  include  industrial 
electronics,  communication,  tele- 
vision, radio,  and  acoustics. 

Union  Pacific  Railroad  has 
started  electronic  classes  for  com- 
pany electricians  In  five  cities 
through  the  road’s  11-state  terri- 
tory. In  many  cases  instruction 
is  handled  by  Marquette-Univer- 
sity-trained  union  leaders. 

General  Television  a Radio 
Corf.,  Chicago,  111.,  has  purchased 
the  building  at  2701  Lehmann  St 
formerly  occupied  by  Press  Wire- 
less/ A one-story  structure  with 
over  80,000  sq  ft  of  space,  it  will 
house  the  factory  and  executive 
offices. 

PERSONNEL 

Arthur  J.  Sanial  becomes  chief 
engineer  of  Atlas  Sound  Corp., 
Brooklyn,  N.  Y.  He  comes  from 
the  sound  systems  department  of 
the  Fox  Film  Corp. 

Royal  V.  Howard,  back  from  over- 
seas duty  with  the  U.  S.  Army,  be- 
comes vice-president  in  charge  of 
engineering  for  Associated  Broad- 
casters Inc.  and  the  Universal 
Broadcasting  Co.  of  San  Francisco, 
Calif. 

Christian  A.  Volf  becomes  direc- 
tor of  research  in  the  electronic 
and  acoustic  division  of  Robinson- 
Houchin  Optical  Co.,  Columbus, 
Ohio. 

O.  S.  Duffendack,  director  of  re- 
search, North  American  Phillips 
Co.,  New  York,  N.  Y.,  is  appointed 
vice  president  and  director  of  re- 
search and  engineering. 

Glenn  E.  Webster  goes  from  en- 
gineering supervisor  in  the  Chi- 
cago office  of  NBC  to  join  ths  en- 
gineering staff  of  Collins  Radio  Co. 
Cedar  Rapids,  Iowa.  He  will  be  in 
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Boost  radio  sales  with 


built-in 


Telechron  Selectors 


HERE’S  a double-duty  timer  to  give  your  radio  receivers 
the  extra  appeal  needed  for  successful  post-war  selling. 
It’s  much  more  than  an  absolutely  accurate  electric 
dock.  It  turns  on  the  set  automatically  at  any  pre- 
selected time  in  the  morning  to  waken  the  owner  with 
music.  It  switches  the  set  on  for  favorite  programs  dur- 
ing the  day  and  evening— then  shuts  it  off  at  bedtime. 

The  cost  to  set  makers  is  remarkably  small  — less 
then  f4.  Installation  expense  is  low,  too.  Volume  pro- 
ducers are  already  choosing  it  for  moderate-price  sets . 

Radio  listeners  will  like  the  Telechron  Selector’s  easy 
firer-tip  control.  There  are  no  knobs  to  turn  and  no 
difficult  calculations.  Programs  are  selected  for  any 


1 5 -minute  period  by  flipping  out  one  of  the  48  keys  around 
the  large,  legible  dock  dial.  Keys  are  automatically  reset 
to  "off*  position  after  timing  periods  are  passed.  Pro- 
grams can  be  selected  10  hours  in  advance. 

The  C-28  Telechron  Selector  is  only  one  of  the  full 
line  of  automatic  timing  and  control  devices  we  can  sup- 
ply for  the  sets  vou’re  now  building  or  planning.  All 
use  famed  Telechron  movements  and  self-starting  syn- 
chronous motors  for  accuracy,  dependability  and  tong 
life. 

For  full  information  about  die  C-28  Selector  and 
other  Telechron  timers,  wire  or  write  Automatic  Control 
Division,  Dept.  K. 
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VHF  RECEIVER  KIT 

with  New  FM  Band 


88.6  to  107.6  Me  ^115  to  140  M( 

ACORN  TUBES  • SEPARATE  TUNING  UNI1 

Ideal  for  Communications  Work,  Instruction,  Training,  etc. 


A unique  10  tube  Concord  Kit  for  FM-AM  anH  VHP  . . 

«rmobtfoUn,n§  “"‘J  e™pl?yin8  the  new  a™rn  tubes.  Circuit  design  is 
and  S,m?le  wi,h  no  frilIs  unnecessary  component, 
froU on ^fhrfrontCnaS,el  yifnd  e?S‘ly  assembled-  Has  only  two  coni 
There"  a s, andar/heaH^h^  ‘“"'"l8  tC°“to1  and  ,he  volu™e  control, 
over  from  FM  to  AM  an^  T ’ f?r  output,  a switch  for  change- 
over  trom  tM  to  AM,  and  a power  switch  in  the  AC  line  8 

ture  giving  detailed  information  and  specifications.  95 

Complete  with  Tubes 


CONCORD  RADIO  CORP. 


LAFAYETTE  RADIO  CORPORATION 
CHICAGO  7 g ILL*  • ATLANTA  3 GA 

901  W.  Jackson  Blvd.  3#  GA# 

265  Peachtree  St. 


CONCORD  RADIO  CORP 
901  W.  Jackson  Blvd..  Dept.  G-95.  Chicago 
Please  ship  at 
checked  below. 


7.  111. 


Pitas,  ship  at  once  the  Concord  VHF  Receiver  Kit-, 


or  special  descriptive  literature— as 

I 1 CRC-130 — VHF  Kit  i — i CRC*140  vhf  v 

U Ranae  SS.d  ,07.6  Me  □ Ka^T^c  □ 


Add  re  a. . 


details  and  specifications  ® 


^ City 


State 


I 

I 

I 

I 

I 

I 

■■■■■■■■s' 
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I charge  of  development  in  broadcast 
speech  input  and  associated  equip- 
ment. 

P.  B.  Harwood  is  elected  vice-presi- 
dent in  charge  of  engineering  of 
Cutler-Hammer,  Milwaukee,  Wis. 

Robert  W.  Clark,  former  WEAF 
station  engineer,  becomes  television 
operations  supervisor  at  NBC  New 
York,  N.  Y. 

Jean  M.  Roberts,  formerly  senior 
research  and  development  engineer 
at  Lear,  Inc.,  becomes  chief  engi- 
neer of  Associated  Electronics 
Corp.,  New  York,  N.  Y. 

E.  H.  Scott,  founder  and  presi- 
dent of  the  company,  resigns  as 
head  of  E.  H.  Scott  Radio  Labora- 
tories, Chicago,  III. 

Ray  Ellis,  FEA  consultant  and 
former  director  of  the  WPB  Radio- 
Badar  Division,  is  chairman  of  a 
governmental  committee  studying 
German  electronics.  Other  mem- 
bers include  Ralph  Bown,  Bell  Lab- 
oratories ; present  Radio-Radar 
Division  Director,  L.  J.  Chatten; 
Captain  F.  C.  Layne  of  the  Navy 
Electronics  Division;  Captain  Gil- 
bert Myers,  USN,  Secretary  of 
Joint  Communications  Board;  and 
Brigadier  General  T.  C.  Rives, 
deputy  Air  Communications  Officer, 
AAF  Hq. 

Jennings  B.  Dow,  director  of  the 
Electronics  Division  in  the  Navy 


Bureau  of  Ships,  has  been  pro- 
moted from  Captain  to  Commodore. 

Garrard  Mountjoy,  who  has  been 
in  charge  of  research  and  develop- 
ment in  the  Radio  Division  of  Lear 
Inc.,  has  been  advanced  to  take 
charge  of  all  research  and  develop- 
ment in  the  New  York  laboratories. 

F.  F.  Sylvester  becomes  technical 
director  of  Reeves-Ely  Labora- 
tories. Previously  with  Lewyt  Corp., 
he  will  be  in  charge  of  research  and 
engineering. 

John  T.  Tate,  division  chief,  Na- 
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MjUVILL  DEVISED  A NEW  SCHEDULE 
FOR  TRANSMITTER  TUBE  ANODES 

. . . and  pat  them  on  the  air  faster 


How  Scovill  Electronents*  meet  exacting 
specifications . . . often  at  lower  cost 
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This  anode  for  a radio  broadcasting 
tube  involved  several  difficult  prob- 
lems. Specifications  called  for  a seam- 
less, one-piece,  pure  oxygen-free  cop- 
per shell . . . free  from  imperfections. 
Dimensions:  length  64J4",  I D.  3", 
diameter  across  hollow  flanged  sec- 
tion  5*^4",  average  wall  thickness 
-®^".  That  hollow  flanged  section 
was  no  cinch.  But  an  ingenious  metal- 
set  working  schedule  took  care  of  that. 


Specifications  were  met  100%.  ..and 
costs  were  surprisingly  low. 

Whether  your  electronic  equipment 
requires  small  components  or  large 
assemblies,  you,  too,  can  save  time, 
trouble  and  money  by  calling  on 
Scovill’s  design  ingenuity  and  versa- 
tility in  all  metals  and  all  metal-work- 
ing techniques.  To  learn  why  Scovill 
is  in  a position  to  give  you  impartial 
advice  about  whether  to  forge,  draw. 


stamp  or  machine  your  Electronents*, 
send  for  literature.  Fill  in  the  coupon 
below  and  mail  it  today. 

•EleelroiitnU  - Electronic  Component*  \ 


Phase  tend  me  a free  copy  of  "Masters  of  Metal”  booklet  dc- 
•aibinj  your  facilities.  I am  interested  in  the  ELECTRONENT* 
•pphcatiom  checked. 


C Batteries 

□ Record  Cheniers 

□ Clips 

Q Condensers 
Ddiet  applications 


□ Dials 

□ Escutcheons 

□ Jacks 

□ Lugs 


□ Panels 

□ Sockets 

Q Stampings  (misc.) 

□ Tubes 


SCOVILL  MAN© FACT ©BIN©  COMPANY 

Electronic  Division 

22  Mill  Street,  Waterbury  91,  Connecucut 


Name 


Company 


Address 
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tional  Defense  Research  Commit- 
ee,  is  made  chairman  of  the  Join' 
'oard  on  Scientific  Information 
’olicy  which  will  be  responsible  fo 
he  organization  and  release  of  sci 
ntific  and  allied  information  fo 
DSRD,  the  War  and  Navy  Depart- 
| ments,  and  the  National  Advisory 
| Committee  for  Aeronautics. 

Daniel  E.  Noble  has  become  gen- 
eral manager  of  the  Communica- 
tions and  Electronics  Division  ol 


T-52 

SPINTITE  set. 

Chuck  Type  Handle  with 
Reamawl,  3 Screw  Drivers, 
7 SPINTITES,  Insulated 
Neutralizing  Alignment 
Wrench,  and  2 Pliers,  all 
in  a Leatherette  Roll.  . . . 
A Positive  need  in  every 
RADIO,  HOME  and 
ELECTRICAL  shop. 

A Fascinating,  Fast-Moving 
Item  for  thousands  of  stores. 
Your  good  jobber  has  it. . . 

WALDEN 

of  Automobile,  Aircraft  WORCtSltR 

and  Radio  Tool*.  i 


gWRENCHESJ 

STEVENS  WALDEN.  INC.  | 


SHREWSBURY  S T R E E T 


Galvin  Mfg.  Corp.,  Chicago,  111.  He 
retains  his  present  responsibilities 
as  director  of  research. 

William  H.  Wills,  former  gov- 
ernor of  Vermont,  has  been  con- 
firmed by  the  Senate  as  the  seventh 
member  of  FCC. 

Charles  A.  Powel,  president  of 
AIEE  and  headquarters  engineer- 
ing manager  for  Westinghouse 
Electric  Corp.,  becomes  chief  of  the 
Electrical  and  Radio  Branch  of  the 
Allied  Control  Commission  in  Ger- 
many, on  leave  of  absence  from 
Westinghouse. 

W.  G.  H.  Finch,  USNR,  chief  of 
the  design  branch,  electronics  di- 
vision of  the  Navy’s  bureau  of 
ships,  goes  from  the  rank  of  Com- 
mander to  that  of  Captain. 


AWARDS 

Workers  of  the  following  con- 
cerns in  the  electronics  field  have 
been  awarded  Army-Navy  “E” 
burgees  for  excellence  in  produc- 
tion: 

Air  King  Products  Co. 

Brooklyn,  N.  Y. 

Alliance  Mfg.  Co. 

Alliance,  Ohio 

Garod  Radio  Corp. 

Brooklyn,  N.  Y. 

Presto  Recording  Corp. 

New  York,  N.  Y. 


GOULD-MOODll 

wtttfcnoved 

Professional  Quality 

Seat\ 

ALUMINUM 
INSTANTANEOUS 
RECORDING  BLANKS 


Technological  advancements 
brought  about  by  our  wartime 
assignments  provide  critical  en- 
gineers with  "Black  Seal"  blanks 
of  improved  cutting  and  repro- 
duction qualities  plus  more 
satisfactory  play-back  life. 

Rapid  Deliveries  to 

■roadcasting  Stations 
Recording  Studios 
Motion  Picture  Sound  Studies 
Schools  and  Colleges 
Governmental  Agencies 


Old  Aluminum  Blankt  Recoated  with 
"Black  Seal " Formula  on  Short  Notice 


3?5  BROADWAY.  NEW  YORK  13  N. 
Cable  Addreu.  Reco 
Export  Dept  Royal  I 


tecordisc,  New  York.  N y H 
al  National  Corr-.pony.  I"C 
Street,  New  York 
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Electric  Razors  with  Plaskon  Housings 

yivc  clean,  opeecltf  eAetoee  to  ee'iviee*He*t 

★ Recently,  when  Remington  Electric  Shavers  went  back  into  limited 
production,  they  were  allocated  for  the  exclusive  use  of  hospitalized  service- 
men, and  airmen  whose  faces  are  susceptible  to  frostbite. 

The  housings  for  these  new  Remington  Electric  Shavers  are  Plaskon  Molded 

Color.  This  versatile  plastic  material  lends  many  worthwhile  advantages  to 
the  Remington  Shaver. 

Plaskon  Materials  can  be  molded  into  almost  any  desired  shape,  permitting 
unusual  opportunity  for  handsome,  practical  designs  in  large  quantities  at very 
ec°oomical  cost. They  are  available  in  a wide  range  of  beautiful,  permanent  colors. 

Plaskon  Materials  are  strong  and  non-shattering,  with  a smooth,  warm-to-the- 
touch  surface  that  remains  gleaming  and  sanitary.  They  are  unaffected  by  oi 
w fats;  alcohol,  acetone,  or  any  common  organic  solvents;  and  are  od 
“aeless  and  inert.  They  have  high  dielectric  strength,  ,comple'f‘J 

r«i«ant  to  arcing  and  tracking  under  high  voltages  and  high  frequencies. 


aiviug  HUU  inUUUg  UUUC1  w 

►or  products  of  today  and  tomorrow  will  enjoy  profitable  manufacmringan 
Im — -t  ••  in  be  adapted  to  their  needs,  write 

w m _i  mat  range  of  actual  Plaskon 

s to  commercial  and  public  neetb.  Experienced  Plaskon  men  wi 


jations  to  commercial  and  public  needs.  Experienced  Piasicon  me 
»y  assist  in  adapting  colorful  Plaskon  plastics  to  your  individual  requirements. 


LASKON  DIVISION  .LIBBEY. OWENS.  FORD  GLASS  COMPANY  . 2136  sylvan  Av.nu.  • Toledo  6,  Ohio 

C^dian  Agent:  Canadian  Industrie: r,  Ud.,  Montreal,  P.  Q. 
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NEW  PRODUCTS 


Forces.  A1 
available  : 
bushings,  t 
tion  (two  b 
and  three- 


Month  after  month,  manufacturers  de- 
veloped new  materials,  new  components, 
new  assemblies,  new  measuring  equip- 
ment; issue  new  technical  bulletins,  and 
new  catalogs 


Langevin  Products 

The  Langevin  Co.,  Inc.,  37  West 
65th  St.,  New  York,  N.  Y.  an- 
nounces three  new  products.  The 
first  is  Type  3-A  mounting  frame 
for  use  in  conjunction  with  their 
No.  102  Series  amplifiers.  The 
frame  requires  10J  in.  rack  space 


and  will  accommodate  up  to  three 
of  the  amplifiers.  It  is  suitable  for 
wall  mounting,  rack  or  cabinet  and 
panel  installations.  The  second 
product  is  a new  group  of  input 
transformers  which  are  designated 
as  the  400  Series.  Three  types  are 


The  third  type  is  No.  402-A  with  a 
nominal  30/120  ohms  primary  to 
50,000  ohms  secondary.  Input  im- 
pedance range  is  0/250  ohms. 
Lastly,  there  are  three  new  contin- 
uous-duty auto  transformers  with 
heavy  lugs  on  their  black  bakelite 
terminal  boards.  Two  types  (800 
and  801)  are  also  available  as  her- 
metically-sealed units.  Type  800-A 
— primary  220  volts,  60  cycles ; sec- 
ondary 110  volts,  250  watts;  5AS 
case;  measures  418  x 311x5  in. 
Weight  10  lb.  Type  801-A — pri- 
mary 220  volts,  60  cycles;  second- 
ary 110  volts,  500  watts;  6AS  case; 
measures  5Ax  418x5  in.  Weight 


16  lb.  Type  802-A — primary  220 
volts,  60  cycles ; secondary  110  volts, 
1000  watts;  housed  in  a No.  6 cast- 
ing poured  with  humidity-proof 
compound;  measures  91x71x61  in. 
weight  33  lb. 


Capacitors 


r* 


bushings,  c: 
range  from  i 
in  ratings  t 
Weight  varii 
The  primary 
tion  between 
is  the  locat 
Bulletin  No.  i 


Dual  AmpL 

Plant  broap 
dress  service 
Soundcaster, 
amplifier  dev 
Mfg.  Co.,  St 
models  are  avi 


the  basic  Sou 
which  provi 
high 'fidelity 
ing  levels, 
mechanism 
record  turn' 
the  amplifie: 


available.  No.  401-A  operates  from 
30/250/600  ohms  primary  to  30,000 
ohms  secondary,  center  tapped. 
Time  400-C  bridging  unit  has  a 

Sisyy JK 


Case  styles  CP-50,  61,  and  52, 
characteristic  F,  are  an  addition  to 
a complete  line  of  fixed  paper-dielec- 
tric capacitors  recently  announced 
by  General  Electric  Co.,  Schenec- 
'tady,  N.  Y.  These  capacitors  meet 
government  requirements  for  use  in 
electronic  communication  and  lo- 
cating equipment  for  the  Armed 


Radio  Fill 

LOW-EESISTj 
blower  mot< 
mitters  or  : 
tions  are  a 
special  size: 
expanded  n 
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EXTERNAL  PIVOTS...  insure  maximum  accuracy  . . . reduce  pointer- 
rocking,  side  friction  between  jewels  and  pivots,  and  wear  on  bearing 
surfaces. 

EXTRA-TIGHT  SEALING  . . . completely  waterproof  ...  in  addition, 
rubber  gasket  seals  flange  to  panel.  Model  120  is  particularly  adapted  for 
water-proof  equipment. 

For  full  information  on  DeJUR  Miniatures 
and  special  applications,  write 

DeJUR-AMSCO  CORPORATION,  Long  Island  City  1,  N.Y. 


. ..  maneot accuracy  m small  panel  space.  v.onrarm> 

“ 1 ' ' ' 1 ljpe<ificalion  . . . self-contained  up  to  1 ampere  and  150  volts, 

flew  contin-  fail;!  gaiter)  . . . external  shunts  or  multipliers  ...  in  a wide 

rmers  with  ** 

Ck  bakelite  ®S5*AGNETS  . . . highest  grade  . . . provide  stability  and  quick 

types  (800  ^Pfimri'-idtr  high  torque,  with  increased  protection  against  magnetic 

ble  as  her- 

’ype  800-A  “ktaiiiM 

nml».  ...  BuBetinXf  .-Jf  Compact,  Trouble-Free  Modern  Design 


Internal  Pivol 


External  Pivot 


(As  Used  by  DeJUR)  (Not  Used  by  DeJUR) 


Google^ 


Digitized  by' 


WALKER- 

JIMIESON 


WESTERN  AVE,  CHICAGO  12,  ILL 


manent  and  effective  in  keeping 
dust  particles  out  of  radio  appar- 
atus. Badger  Corp.,  Milwaukee  12, 
Wis. 


OUR  ENGINEERS  ARE 
SPECIALISES  ON 

INSPECTION 

PROBLEMS 


Voltage  Testing  Device 

Improvements  featured  in  the  new 
RCA  195-A  Voltohmyst  include  a 
diode  for  a-c  measurements,  a lin- 
ear a-c  scale  for  all  ranges,  a new 
crystal-clear  plastic  meter  case  with 


Modern  Electronic 
Inspection  methods 
bring  a new,  high  de- 
gree of  speed,  accur- 
acy, and  economy  to 
this  production  oper- 
ation. Today’s  inspec- 
tion equipment  is  de- 
signed to  keep  pace 
with  modern  produc- 
tion methods.  Its  amaz- 
ing efficiency  is  best 
employed  when  expert 
W-J  inspection  engi- 
neers make  a study  of 
your  requirements  and 
apply  the  equipment 
ideally  suited  to  your 
needs.  Let  us  show  you 
the  applications  of 
X-Ray  machines,  dif- 
fraction units,  spectro- 
meters, electronic 
comparators,  photo- 
electric units  and  elec- 
tronic  measuring 
equipment,  to  your 


CATHODE 
TUBE  SHIEI 


ECT R0J11C  CO*t>»«»TO» 


a oue-piece  unbreakable  front,  and 
shielded  a-c  cable  and  probe.  The 
instrument  combines  in  one  unit 
the  means  for  measuring  d-c  or  a-c 
voltage,  resistance,  audio  level,  and 
f-m  discriminator  balance.  RCA 
Victor  Div.  of  Radio  Corp.  of 
America,  Camden,  N.J. 


, , . to  meet  youi 
tions.  These  are  on 
our  many  available 


• FABRICATE 

Mu-Metal  or  Nit 


Non-Corrosive  Flux 

Originally  developed  for  the 
Armed  Forces,  Zenith  non-cor- 
rosive Super  Flux  is  now  available 
to  the  industry  for  use  in  soldering 
electrical  connections  or  as  a sold- 
ering flux  on  copper,  cadmium- 
plated  brass  and  steel,  and  black 
steel.  It  can  also  be  used  to  facili- 
tate tinning  of  soldering  tips.  The 
flux  is  easily  applied  by  brush  or 
dipping  and  readily  adheres  to  the 
work.  Polan  Industries,  Hunting- 
ton  19,  W.  Va. 


• TESTED  by 

use  to  meet  all 
ments 


oiftmctum  unit 


• DESIGNED 

your  needs 


SEND  FOR  THIS  NEW 

buyers  guide 

FILL  IN  THE 
COUPON  NOW  l 


Relay  Connector 

Cannon  Electric  Development 
Company  (3209  Humboldt  St.,  Los 
Angeles  31,  Calif.)  announce  that 
their  Type  RR-1  and  RR-2  railroad 
signal  relay  connectors  are  adapt- 
able to  all  types  and  makes  of  relays 
in  test  requirements.  The  complete 
connector  is  made  up  of  a plug  and 
receptacle,  having  phenolic  shells. 
Two  guide  posts  assure  correct  po- 
larization. These  connectors  are 
adaptable  to  4 to  6-point  relays. 


* * Our  engineers 1 
any  metal  — shie 
cabinets,  etc.  for  y< 
application 


brechwri 


COWMAN* 


STATE 


radio  appar- 
’ilwautee  12, 1 1 
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t include  a 1 
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For  Quick 
gsual  Indication 

Investigate  the  Unique  Characteristics 
of  G-E  Neon  Glow  Lamps 


yr  Cl  For  general  indication,  such 
w I as  showing  existence  of  po- 
tential across  various  parts  of  electri- 
cal circuits. 


characteristics  of  Gen- 
Fectric  Neon  Glow  Lamps 
them  for  a variety  of  uses 
Fmd  electronic  devices  ...  as 
voltage  regulators,  pilot 
test  lamps. 


rent,  and 
•be.  The 
one  unit 
l-c  or  a-c 
evel,  and 
!.  RCA 
lorp.  of 


The  uses  described  at  right  are  typical. 
If  you  think  G-E  Neon  Glow  Lamps 
can  be  useful  to  you,  write  or  phone  the 
address  below.  Experienced  General 
Electric  Lamp  Engineers  will  be  glad 
to  discuss  your  problems  with  you. 


Indicator  and  pilot  light 
lamp  that  flashes  to  show 
condition  of  B-battery  in  portable 
radios.  Frequency  of  flashes  decreases 
as  battery  runs  down. 


CONSIDER  THESE  ADVANTAGES 


1.  Distinctive  orango-rod  glow  — no  colored  cover  glacs  needed. 

2.  Dependable  performance  and  long  life  — rated  at  3,000  houre. 

3.  Very  lew  currant  coneumptton  — loci  than  % mllllampore  far  emalloet  lamp. 

4.  Variety  ef  tlzee  and  wattage*. 

$.  High  reeietance  to  vibration,  check. 

8.  Nermalty  eeable  on  a-c  or  d-c. 

7.  Screw  bate  lamps  for  103-123  v.  circuit*;  clmllar  lamp*  available  with 
beyontt  bee**,  but  external  reeletanco  required. 

I frcdec*  practically  no  heat. 

Nearly  tat  volt-empero  characteristics. 

bueniltfve  to  voltage  variation*  above  critical  valua. 


UP  JO  (also  N-E  16).  lodicetar 
nt  *10  lamps.  Special  volt-ampere 
characteristics  of  these  lamps  indi- 
cate use  as  voltage  regulators.  Screw 
base  lamp  available  as  Nfi-45.* 

•NE-16  meets  JAN-lA  specifications 
for  5*91.  Special  marking  JCG-991 
supplied  for  small  extra  charge. 


NE-t 

NE-fil 

NE-17 

m 

NE-45 

NE-30 

NE-32 

NE-34 

NE-36 

NE-40 

NE-42 

n 

Ms 

© 

V4 

1 

1 

2 

2 

3 

3 

S2J 

tot-m 

© 

105-125 

105-125 

105-125 

mmm 

105-125 

105-125 

105-125 

105-125 

105-125 

n 

a 

© 

© 

65 

90 

m 

80 

85 

80 

85 

80 

85 

60 

85 

60 

85 

*M*n4 

(Wire 

Tenbab) 

*$c. 

Bay.  Min. 

★D.C. 
Bay.  Cand. 

★D.  C. 
Bay.  Cand. 

★D.  C. 
Bay.  Cand. 

Cand. 

Screw 

Medium 

Screw 

★D.  C. 
Bay.  Cand. 

Medium 

Screw 

★Sk.  D.C. 
Bay.  Cand. 

Medium 

Screw 

★Sk.D.C. 
Bay.  Cand. 

Q 

IMS' 

1M' 

1V4'  | 

1V4' 

1M' 

2Mt' 

2* 

3Ms* 

3%' 

3Ms' 

3%' 

US 

$.10 

MB 

1 

$35 

$42 

SAO 

$30 

$35 

$50 

$55 

$60 

$35 

dhnmw. 

bralmb  extend  additional  'Ms'. 
■DCnstaq  ooerstion  In  RC  circuit 


© Meet*  JAN-1A  specifications  for  991.  Special  marking  Jtu-vai  suppneu  at 
® Designed  for  87-87  Veit*  D.C.  (OX.  operating  voltage  at  14  milliamperes,  53-65  volts). 
★ Ml  Bayonet  Base  Lamp*  Heed  External  Resistance. 


For  further  information,  write  address  below  for  Bulletin  7100 

NELA  SPECIALTY  DIVISION,  LAMP  DEPARTMENT 

GENERAL  @ ELECTRIC 

1 Newark  Street,  Hoboken,  N.J. 
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100  KC  FREQUENCY 
STANDARD  CRYSTAL 

• • • Designed  to  withstand  severe 
shock  and  vibration.  A crystal 
so  precisely  finished  that  it  has 
tf,an  15  cycles  drift  from 
■50C  to  *85C*.  (If  oscillator  or 
circuit  is  furnished,  an  accuracy 
° cyc*es  can  obtained) 

. • A special  solder  bead  sup- 
ports a tensile  load  of  9,000 
lbs.  per  square  inch.  Crystalab 
engineered  to  meet  the  most  rig- 
id operating  requirements. 

8a86OtoV200  KC.in  'requenCies  from 

7prMenr°kUt  "Crys,alab  S*"* 


w 


A CRYSTAL  RESEARCH  LABORATORIES 

INCORPOMATCD 

liSOR*  I0B.C  5 .NO  M«1N  Orf.Cf  ?!  I U T N S I R £ t I H.MFO»0^  C0NN 
»!►  Street.  Nt,  Tn»  H.  n t p , , „ , M H . ... 


Here's  that  New 

roipurr  625-n 


w 


■ N.Pp 


double  sensitivity  d.c.  volt  Ranrk 


-°1"” 


and 


Television 
circuits. 

0-2.5-10-50-250-10003000 

ohms  per  volt. 


-V.IUI ucy  on 
"gn  resistance  D.C. 

Volts,  at  10,000 


A C.  VOLT  RANGES 

0-2.5- 10-50-250-!  000  5000  Volli 


at  10,000 


Long  Scale,  Wide  Range 
Volt-Ohm-Milliammeter 
ranges  readino  output  level  decibel 

-30  'a  +3,  +15,  +29,  + 43 , +55,  +69  DB 

MATURE  compensated  circuit  for 
n m ^URRENT  MNGES  0 C.  MICROAMPERES 

u-50  Microamperes,  at  250  M.V. 

D C.  MILLIAMPERES 

0-1-10-100-1000  Milliamperu,  at  250  M.V. 

D.C.  AMPERES 

0-10  Amperes,  at  250  M.V. 

OUTPUT  READINGS 

COrn.da*din'9r..in  W,'*h  A C Vo,H  for  °**PV» 

attractive  compact  case 

t7Y2  . * 51/2  . A readily  portable  com- 

.Ptr*an  a,edi  black'  "»*Cl  case',  “™h 

strap  handle.  A suitable  black,  liather 

strapTfand”.(N°'  ^ ol*°  available-  wi* 

LONG  5"  SCALE  ARC 

fc«aDr^Trt?flZ.°^n,^ 

SIMPLIFIED  SWITCHING  CIRCUIT 
Greater  ease  in  changing  ranges. 

*h"*  full  technical  detail,. 


*ICAL  INSTRUMENT  CO.,  Blaffton,  Ohio 


Reproducer  for  Ra| 

Type  NJ-300  heproducb 
mally  designed  for  Nav 
loudspeaker  and  micropj 
back)  unit  but  it  i8  nd 

for  all  types  of  railroad  1 

motives,  cabooses,  sign 
and  out-doors  in  railrt 
The  reproducer  consist] 
NF-300  speaker  (desert 
issue)  enclosed  in  a J 


road-type  cast  aluminum 
unit  can  be  mounted  in 

tion.  It  is  rugged  and  is  < 

withstanding  shock  and 
as  well  as  prolonged  exj 
smoke,  dust  and  other 
Voice  coil  impedance  is  ra 
ohms  nominal  value.  Po 
dling  capacity  for  speech 
10  W.  Jensen  Radio  Mfg. 
S.  Laramie  Ave.,  Chicago  1 


High-Temperature 

Capacitors 

Plasticon,  Type  AS,  sil 
pregnated,  plastic  film, 
capacitors  are  capable  of 
ous  operation  at  256  F.  Th 
are  light  and  compact,  an 
used  at  maximum  temper 
full  voltage  rating.  They  i 


only  to  specification  in  2. 
tances  and  voltage  ratinj 
varieties  of  standard  a® 
cans,  and  in  the  Glass® 
struction.  An  0.01  +f, 
ing  volts,  Plasticon  Tyi 
measures  li  in.  long  x I 
Condenser  Products  Co., 
Branch  St,  Chicago  22,  111 
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"‘  positive  Angle  on 


Negative  Angle  Milling 


ir  Kearney  & Trecker  I 
Use  I 

CRO  SWITCH  I 

SNAP- ACTION  Jj 

Ls  Inching  Switch  on 
raukee  Milling  Machine 


How  Inching  Lever  Works 

The  Micro  Switch  provides  a 
convenient  means  for  inch- 
ing’’ the  spindle  head  to 
facilitate  speed  changes. 
Operation  of  button  "A” 
rotates  the  actuator  head  ”B' 
through  gear  "C  ’ causing  it 
to  wipe  over  plunger  "D," 
thus  momentarily  operating 
the  switch  to  "inch  the 
spindle  motor. 


votaPr---  |for  the  Handbook-Catalog  No. 

IP»a  at  right— it  gives  specific, 
(1  information  on  Micro  Switch 


•nd  for  this  free  Handbook-Catalog 
lete  detoils  os  to  electrical  characteristics,  construc- 
ts, operations,  and  applications.  If  you  arespecializ- 
ft  equipment,  ask  for  Handbook-Catalog  No. 71,  also. 


WITCH 


OF  FIRST  INDUSTRIAL  CORPORATION 


September  1945 


For  more  than  IO  years 

we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe- 
cialists as  well.  Consult  us  on  your  “crystal 
problems”. 


deve,°ped  by 
America  (398  BrVT 
Y°rk  13,  N.  Y.)  f0?l  ' 
requiring  d-c  voltages  » ij 

to  no  load,  and  having  k 
^rcent  ripple  unS  ' 

These  units  may  be  used, 

battery  substitutes  or  1 
d-c  generators.  Standi 
Packs  available  in  tuTd 
are  rated  24-v,  1 amp  1 
48  v,  1J  amp  or  5 amp;  til 

tion  24  and  48  v,  750  a 1 

amp;  110  v,  8 amp;  120 ^ T 
136  v,  i amp;  250  v,4a#i 
200  ma.  These  power  psg§. 
furnished  with  built-in# 
voltage  regulators  to  ij 
for  line  voltage  changes. 


PETERSEN  RADIO  CO 

Council  Bluffs,  Iowa 

CRYSTALS  EXCLUSIVELY  SINCE  1934 


result  of  tough  precision- 
fabricated  materials 

Exceptional  electrical  and  mechanical 
properties  of  fibre  parts,  when  fabri- 
cated with  accuracy  and  precision, 
greatly  expand  product  service-life. 
Vulcanized  fibre  with  resistance  to  oils, 
fumes,  corrosion,  impact  and  vibra- 
tion, and  phenol  fibre  with  resistance 
to  moisture  absorption,  represent  two 
materials  particularly  adaptable  to 
many  applications.  BAER  facilities  for 
stamping,  punching,  drilling,  milling, 
machining,  and  sawing  completes  the 
solution  for  close  tolerance  fabrica- 
tions. 


PHENOL  AND  VULCANIZED 


IITERATURE  ON  REQUEST. 

The  BAER  fibre  fabrication 
data  bulletin — crammed  with  per- 
tinent  information  and  ipecifkations 


FIBRE 

FABRICATIONS 

FOR 

INDUSTRY 


Smoke  Detector 

A PHOTOELECTRIC  controlji 
which  detects  smoke  in  at** 
tioning  ducts  is  annota 
Photoswitch  Inc.,  77  Bt 
Cambridge  42,  Mass.  T he 
consists  of  photoelectric 
Type  A26X  and  light  sour 


N.  S.  BAER  COMPANY,  9-11  MONT 


relating  to  both  phenol  and 


vulcanized  fibr 


promptly  on  request  on  company 


letterhead.  Write  for  Bulletin  ,|  20. 


different  \ 
et  today’s 
»pts  ffave 


“Id 

-’l. 

requirements, 


The  Employees  and  Management  of 

The  Benwood-Linze  Company 
and 

The  B-L  Electric  Manufacturing  Company 
arc  honored  to  announce  that  the 
Army-Navy  “E”  Production  Award 
for  Excellence  in  War  Production 
was  made  to  the  company  on 

Thursday,  August  twenty-third 
Nineteen  hundred  and  forty-five 


PTICAL 


MIRRORS 


and  REFLECTORS 

for  electronic,  optical 
and  scientific  apparatus 

We  specialize  in  the  production  of 
front  or  rear  surface  mirrors,  made  to 
your  specifications.  Closest  optical  and 
dimensional  tolerances  observed. 

of  ,heir  proven  superiority, 
ZENITH  mirrors  ore  preferred  by  many 
leading  manufacturers  of  precision 
equipment. 


c 


• EXCEPTIONAL  REFLECTIVITY 

• ALUMINUM,  SILVER,  GOLD,  etc. 

• OPAQUE  OR  SEMI-TRANSPARENT  j 

• PERMANENT  CHARACTERISTICS 

• PROMPT  SERVICE 


We  invite  your  inquiry.  Samples  and 
quotations  will  be  submitted  promptly. 


lENITH  optical  LABORATORY 


ington  Ave.,  New  York  17,  N,  Y 
A feature  of  the  unit  is  its  ability 
to  maintain  essentially  constant 
rms  output  voltage  while  permit- 
ting variation  of  waveform  and 
frequency.  The  waveform  of  the 
output  voltage  can  be  carried  from 
nearly  square  wave  through  sine 
wave  to  peaked  wave  covering  am- 
plitude factors  (ratio  of  peak  to 


3 

I 


;ia 


378 


rms  volts)  of  from  1.16  to  1.66. 
The  frequency  is  variable  over  a 
range  from  60  to  2400  cps.  Output 
voltage  is  116  v rms  nominally,  ad- 
justable between  110  and  120  v.  Reg- 
ulation of  output  voltage  is  better 
than  3 percent  from  no  load  to  800 
w,  and  for  line  voltage  changes 
from  110  to  120  v a-c.  The  output 
voltage  stays  within  the  same 
limits  for  frequency  changes  over 
the  whole  range,  as  well  as  for 
changes  in  amplitude  factor  from 
1.16  to  1.65.  Units  can  be  designed 
for  other  output  voltage  and  power 
ratings  and  frequency  ranges. 


Self -Regulated  Power  Pack 

The  new  TAC  Model  1220-EB 
pack,  available  from  Technical  Ap- 
paratus Co.,  1171  Tremont  St., 
Boston  20,  Mass.,  provides  two  volt- 
age-regulated d-c  outputs  on  ranges 
used  for  anode  and  bias  voltages. 
The  high-voltage  output  is  contin- 
uously adjustable  from  zero  to  400 
v with  voltage  automatically  held 
at  its  initial  setting  under  load 
variation  from  zero  to  full  current 
Maximum  current  output  on  the 
anode  supply  is  250  ma;  maximum 
power  output  is  40  w.  Regulated 
bias  voltage  is  continuously  adjust- 
able from  minus  100  v to  zero  at 
maximum  current  of  2 ma.  The  in- 
strument is  assembled  with  oil-im- 
pregnated oil-filled  capacitors,  and 
it  is  anti-fungus  treated. 
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SELENIUM 
COPPER  SULPHIDE 

A few  B-L  Rectifier 
applications  are  illus- 
trated below: 


auto  radios 


1m™- 

PIPE  ORGANS 


:iocks 


ATTERY  CHARGERS 


IRE  TRUCKS 


USINESS  (AACH1NES 

ECTRONICS  — Septemier  1945 


L METALLIC  ELECTRICAL 
RECTIFIERS  (CoppIr™lphidE) 

offer  you  these  advantages: 

1 wtcJ»,Pu.  - *-  — «k  r'aifi"s  is 

very  small. 

1 » tv-*-  ^ »» P.n, 

They  are  by  their  simple  and  rugged  construction,  to 

S"  bSbs,  filaments,  or  other  fragile  parts  are  employed. 

1 rugged  and  will  withstand  heavy  overloads  for 

short  periods  of  time. 

| They  are  ADAPTABLE  from  Milliwatts  to 

B-L  Rectifiers  are  adaptable  for  power  o v 

Kilowatts. 

Many  rectifier  application J is  mow  than  likely  that 

have  been  devised  by  B-L  Engx  problems  of  conyert- 

they  can  be  of  assistance  xn  solv  f S/Cop£er.Sulphide  Bulletin 

kl-i-oVforteleni^m  Bulletin  R41-A. 

THE  BENWOOD-LINZEStCOMPANY 

1815Lr^e^CEntrol5830 

rLJSS.  - MUrrey  Hill  5-5878 
420  Lexington  Ave.  **04*090  6,  lllinol.  CENtrol  2379 

20  N.  W acker  Drive 

. f'nnner  Sulphide  Rectifiers, 
Designer,  end  ^proctally  every  regoiremenf. 

Battery  Chargers,  and  DC  Power  ouPP  - 
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COAXIAL  CABLES 


FOR  RADAR 
AND  TELEVISION 


fabricated,  assembled 
and  tested  to  perfection 

TEStED: 

for  corona  leaka/ie  . . . 
•'at  any  voltage 


TESTED: 

for  breakdown . ■ . 
any  strength  up  to  30,000  volte 


Full,  information . 


Airtight  Steel-To-Glass  Seal 

A new  method  of  fusing  steel  and 
glass  in  a permanent  airtight  seal 
for  metal  electron  tubes  has  been 
1 revealed  by  Dr.  G.  R.  Shaw,  Chief 
Engineer  of  the  Tube  Division  of 
the  Radio  Corporation  of  America, 
Harrison,  N.  J.  The  method  pro- 
vides a more  foolproof  process,  and 


185  East  122  Street, 
New  York  35,  N.  Y. 
LEhigh  4-5100 


permits  the  use  of  steel  for  the 
glass- to-metal  seal  in  place  of  spe- 
cial alloys.  Steel  was  used  for  the 
header  insert  (the  ring-like  band 
of  metal  encircling  the  glass  button 
through  which  the  wire  leads  are 
introduced  into  the  tube)  shown  in 
the  illustration. 

Handie-Talkie  Production 

Portable  handie-talkie  sets  are 
being  made  for  civilian  use  for 
farms,  ship-to-shore  communica- 
tion with  small  boats,  manufactur- 


ing operations,  etc.  by  John  Meek 
Industries,  Inc.,  Plymouth,  Ind. 
ICC  has  assigned  a band  of  460- 
470  me  for  handie-  and  walkie- 
talkie  use  by  civilians. 

Electrical  Insulation 

The  Varflex  Corp.,  Rome,  N.  Y 
has  developed  and  is  now  produc- 
ing a new  type  of  electrical  insula- 
tion based  on  the  silicone  high- 
temperature  resins  in  combination 
with  normalized  Fiberglas.  It  is 
made  in  various  grades  of  tubing, 


Here’s  the  metal 
parts  fabrication 


for  tomorrow’s 
requirements 


From  the  first  projection  of  design, 
through  all  stages  of  OLYMPIC  metal 
parts  fabrication — production,  tooling, 
forming,  stamping,  grinding,  welding, 
brazing  and  soldering— emphasis  is 
placed  on  quality.  By  experience 
gained  in  meeting  existing  essential 
needs,  OLYMPIC  engineers  are  ready 
to  supply  your  postwar  requirements. 
Design  ingenuity,  resourceful  engineer* 
ing  and  precision  workmanship  will 
materially  aid  in  meeting  tough  pro- 
duction schedules,  close  toleronces  and 
fabrication  intricacies. 

Close  customer  - collaboration  at  all 
times  offers  the  convenience,  efficiency 
and  economy  of  your  own  metal  fabri- 
cation department. 


CRAFTSMANSHIP 


OLYMPIC 

TOOL  S MFG.  CO.,  INC. 

39  CHAMBERS  ST. 

NEW  YORK  7,  N.  Y. 
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is  not  new  to  the  Blaw-Knox  Company 


Blaw-Knox  engineers,  in  dose  cooperation  with 
the  United  States  Army  Signal  Corps,  developed 
and  designed  Radar  Towers  and  Buildings  in  1938, 
ulting  in  the  construction  of  a complete  operat- 
unit  in  1939. 

Since  then,  many  Tower  Structures  have  been  de- 
signed for  different  types  of  Army  and  Navy  Radar 
and  produced  in  quantity. 

result  of  these  developments  the  Engineering 

and  Manufacturing  personnel  of  Blaw-Knox  have 
gained  an  unparalleled  experience  which  is  now 
available  to  the  Broadcast  and  Communication 
Industries. 

Whether  it’s  FM,  AM.  or  Television,  you  can  be 
sure  of  getting  the  most  out  of  your  power  and 
equipment  by  "Putting  the  Call  Througi  on 
Blaw-Knox  Vertical  Radiators  and  Radio  Towers. 


BLAW-KNOX 


BLAW-KNOX  DIVISION  OF  BLAW-KNOX  COMPANY 

2077  Farmers  Bank  Building  • Pittsburgh,  Pa- 

v ■ f~i  v f ■ m ■ v w ■ - * 

»«.  ,0.1  ■ CHICAGO  • PHILADELPHIA  - BIRMINGHAM  . WASHINGTON  ■ 
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sleeving,  and  tying  cord,  and  can 
be  furnished  on  some  types  of  wire 
and  cable.  Silflex  sleeving  can  be 
tied  in  knots  and  chafed  at  —86  F. 
It  remains  flexible  and  physically 
stable  at  + 460  F indefinitely.  Lit- 
erature and  a sample  card  showing 
the  various  types  of  insulation 
available  will  be  sent  by  Varflex 
Corp. 


Resistance  Limit  Bridge 

A resistance  limit  bridge,  Model 
LB-3  (working  to  plus  or  minus 
0.1  percent)  available  from  Indus- 
trial Instruments,  Inc.,  17  Pollock 
Ave.,  Jersey  City  6,  N.  J.,  is  a modi- 
fied Wheatstone  bridge  that  has 


high  and  low  limit  dials  covering  a 
range  of  plus  or  minus  11  percent 
in  0.1  percent  steps,  and  uses  a 
sensitive  built-in  galvanometer  to 
provide  for  the  high  and  low  indi- 
cation, respectively.  This  bridge 
can  be  used  to  check  resistors  be- 
tween 1 ohm  and  3 megohms. 


Inked-Tape  Recording 
Device 

Mecanitron  Corporation  of  Bos- 
ton, Mass.,  has  developed  an  inked- 
tape  recording  device  which  is  de- 
signed for  continuous  high-speed 
reception  and  which  is  capable  of 
receiving  1200  words  per  minute. 
This  device  is  designated  as  Me- 
canitron Model  MA-126.  This  unit 
comprises  two  complete  recorder 
heads  and  pulse  amplifiers.  Inputs 
of  the  amplifiers  are  connected  in 
parallel  and  are  energized  simul- 


YOU  CAN  HAVE 
THE  BENEFITS  OF 
AUTOMATIC 


* 


Untiring,  rugged,  compact  — 
Haydon  timing  motors  and 
devices  lead  electronics  engi- 
neers into  new  fields  of  ac- 
complishment. Haydon  elec- 
troneered  timing  is  available 
for  your  specific  voltage,  fre- 
quency, output  speed  and 
torque  requirements. 

So  versatile  are  Haydon  syn- 
chronous AC  timing  motors 
— with  automatic  brake  for 
instant  stop,  reversible  feature 
and  shift  device  for  automatic 
reset  — that  application  of 
automatic  timing  is  being 
found  practical  in  countless 
instances  where  never  used 
before. 

If  your  problem  is  new  — call 
in  Haydon  engineers  — we 
can  plan  and  build  specific 
motors  for  individual  needs. 


Meantime, 
have  you  our 
latest 
catalog? 

It’s  handy  to  have. 


*elk:troneered  timing 

-Haydon 

iahHIWj(wi«A1i!lHW 

QawUoilU,  Co*u*eciicui 


i 


i 
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tern, sly  from  the  same  source.  A 
stand-by  switch  is  provided  on  each 
unit  so  that  either  recorder  will 
function  instantly  on  the  same  in- 
formation. This  allows  the  second 
recorder  to  carry  on  without  in- 
terrupting the  flow  of  high-speed 
material  during  the  interval  re- 


'"V,  si 

'ECIALLY  DESICNE 


tjuiml  to  provide  a new  roll  <>t  tape 
for  the  first  recorder.  The  Model 
MA-126  can  also  be  furnished  for 
relay  rackmounting.  It  operates  on 
either  110-220  volts,  60  cycles,  or 
220-230  volts,  25-50-60  cycles.  De- 
signed for  efficiency  at  a rate  ot 
1200  words  per  minute,  the  unit 
handles  low  and  average  speeds 
with  ease. 


Tube  Extractors 

The  BMG  Company  of  Boonton, 

X.  .1.  announces  a new  addition  to 
its  "Sure-Grip”  tube  extractors 
used  in  the  inserting  and  extracting  | 


TRANSFORMERS 

T/ettkVttic  9H€luStUj 


of  delicate  miniature  and  straight- 
side  glass  radio  receiving  tubes 
manufactured  in  standard  bulb 
sizes  T5J,  T7,  T8  and  T9. 

Low-Voltage  Rectifiers 

Illustrated  is  a stabilized  low- 
voltage  rectifier  manufactured  by 
Green  Electric  Co.,  130  Cedar  St., 
New  York,  N.  Y.  It  is  rated  at  200 
amp,  voltage  range  zero  to  3 v.  Any 
voltage  selected  in  the  range  is 
maintained  to  within  50  millivolts 
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Also  makers  of . . • 

Power  trantformer*  for  radio 
and  othor  oloctronlc  circuit*, 
vibrator  power  trancformeri, 
audio  and  Sltor  roactort,  In- 
■trumonf  trontformorc,  duto 
and  cdnlrol  transformer*, 
wave  Sltorc,  ftuornccnnf  bol- 
laeto  and  ignition  coll*. 


• During  its  many  years  of  experience 
in  the  engineering  and  manufacturing  of 
transformers  for  specialized  audio  ap- 
plications, Chicago  Transformer  has  de- 
signed and  produced  a wide  variety  of 
types,  from  the  tiny  units  used  in  walkie- 
talkies  to  large  size  modulation  trans- 
formers. If  you  have  a design  problem 
involving  transformers  m audio  or  other 
type,  of  circuits,  let  this  well  qual.fied 
organization  be  of  service  to  you. 


CHICAGO  TRANSFORMER 

D.VIS.ON  Of  MS.X  Wl.l  CO.rO.AtlON  — 

(t^jl  3501  WEST  addison  stree 

CHICAGO,  18 
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Stokes  MICRO  VAC  Pumps 

HEART  Or  HIGH  VACUUM  SYSTEMS 


Sfolu  jHigh  Vacuum 

i:  rtMW  ■ «AW»  » MWIHW 


• Require  no  calibration 

• Rapid  readings 

• Simple  to  operate — just  tip  an<* 
read 

• Two  models  (A A)  0 to  5000  mi- 
crons—(BB)  0 to  700  microns,  with 
readings  to  1 10  micron. 

F.  J.  STOKES  MACHINE  CO. 

6044  Tabor  Road  Philadelphia  20.  Po. 


Digitized  by 


Google 
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Higher  Vacuum  (in  the 
low  micron  range) 

High  volumetric  efficiency 
Low  power  requirement 
Complete  discharge  of  air 
- — no  re-expansion 
Continuous  dehydration  of 
oil — no  moisture  to  re- 
evaporate 

Discharges  sudden  slugs 
of  liquid  without  injury 
Easily  accessible,  non-cor- 
rosive discharge  valve 

1 Rugged,  compact,  simple 
construction 

1 Long  life  . . . negligible 
maintenance 

> Five  sizes — from  10  to  235 
cu.  ft.  per  min. 


'Stokes  VACUUM  GAUGES 

iPatwta-p  ’tp« 

Are  Always  Accurate 


ackaging,  processing,  ship- 
ping critical  equipment  to 
rigid  specifications ! 


Export  Industries  specializes  in  crating,  box 
ing  and  packaging  parts,  machinery  and 
equipment  for  long  haul  or  transoceanic 
shipment,  This  service  is  a rapid,  convenient 
and  proven  means  of  protecting  valuable 
shipments  against  damage  and  delay  in 
transit  due  to  improper  packaging. 

All  shipping  specifications — government  or 
private — are  strictly  adhered  to,  and  in  the 
absence  of  specific  instructions,  proper  en- 
closures  con  be  provided  for  particular  prod 
uct  and  route.  Immunity  to  salt  spray,  hu 
midity,  shock,  vibration,  loading  stress,  fun- 
gus, heat  and  cold,  can  be  accomplished  . . . 


1° 


efficiently  and  economically  Write  today 


EXPORT 

INDUSTRIES 


53  DOWNING  ST..  NEW  YORK  14,  N.  Y 


PILOT  LIGHT 
ASSEMBLIES 

GIVE  YOU  THESE 
k 5 ADVANTAGES: 


(1)  Extensive  line  covers 
every  known  applica- 
^ tion...(2)  Assemblies 
complete  with  Lamps 
...(3)  Top-flight  en- 
k gineering...(4)  Per- 
— n^^sonalized  service 
...(5)  Rapid-fire 
deliveries 
Write  for 

iSkcofo/o9‘ 


894  BROADWAY. . . . NEW  YORK  3,  N.  Y. 

Telephone:  ALgonquin  4-4770 


over  load  variation  from  zero  to 
200  amp,  and  with  line  voltage  vari- 
ation of  plus  or  minus  10  percent. 
The  unit’s  voltage  stabilization 
system  includes  a motor-driven 
Powerstat  and  a simple  electronic 
pilot  device. 

Triode  Tube 

Illustrated  is  a new  type  304TL 
(3-300B2)  multi-element  triode 
which  incorporates  a new  design 
plate  and  a non-emitting  grid  to 
assure  maximum  tube  life  and  high 
efficiency.  The  tube  has  many  ap- 


plications including  television  and 
industrial  heating.  Data  sheets  are 
available  from  the  manufacturer, 
Eitel-McCullough,  Inc.,  478  San 
Mateo  Ave.,  San  Bruno,  Calif. 

Non-Linear  Potentiometer 

The  Fairchild  Camera  and  In- 
strument Corporation  (475  Tenth 
Ave.,  New  York  18,  N.  Y.)  an- 
nounce a non-linear  wire-wound  po- 
tentiometer which  has  a high  de- 
cree of  operating  accuracy.  The 
manufacturer  states  that  toler- 
ances of  one-half  percent  or  better 
have  been  consistently  reached  for 
oertain  curves.  Developed  origin- 
ally for  use  in  bridged  T attenu- 


THE  WORLD’S  MOST 
MODERN  CONDENSER  PLANT 

with  these  outstanding  features 

★ 1,000,000  VOLT  RESEARCH  LABORATORY 

★ VERY  LATEST  PRODUCTION  EQUIPMENT 

★ SPECIALIZED  WAR-LEARNED  TECHNIQUES 

From  this  new  ultra-modern  factory  come  capacitors 
carefully  engineered  and  accurately  produced.  Staffed 
by  skilled  engineers  and  backed  by  16  years  of 
technical  progress,  Industrial  Condenser  Corp.  is  sup- 
plying capacitors  for  every  application.  If  your  speci- 
fications call  for  Electrolytic,  Paper.  Oil,  or  Motor 
capacitors,  look  to  Industrial  Condenser  Corporation. 


industrial  condenser 

CORPORATION 

3243-65  NORTH  CALIFORNIA  AVENUE,  CHLCAOO  IS.  U.  5. 
District  Offices  in  f-rinc.pd  C.N* 

PAPER,  Oil  AND  EIECTROIYTIC  KOTOR  CAPACITORS 
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"ALNICO" 

PERMANENT  MAGNETS 


Specializing  in  the  production  of  highest  quality 
Alnico  Magnets  in  all  grades  including  new  triple 
strength  No.  5. 


Production  material  checked  to  assure  highest 

uniform  quality  of  product. 

* 

Castings  made  to  customer's  special  order  on 
the  basis  of  sketches  or  blueprints  furnished. 

> Information  and  lUggfeStiins  furnished  on  request. 

GENERAL  MAGNETIC 

CORPORATION 


MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  ALLOYS 
2126  E.  Fort  Street  e Detroit  7,  Michigan 


VERSED  IN 
TRANSFORMERS 
FOR 


PRODUCTS  • 


We  are  completely  equipped 
for  volume  production.  Write  us 
concerning  your  requirements. 

• 

DONGAN  ELECTRIC  MFG.  CO. 

2977  Franklin  Dntrelt  7.  Mich. 
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ators  in  Fairchild’s  airborne  elec- 
tronic computing  gunsights,  the  po- 
tentiometer is  at  present  available 
to  industry  in  one  standard  size 
(li-in.  outside  diameter).  It  can 
be  used  singly,  or  stacked.  Other 
features  of  the  unit  include  good 
flexibility  for  reproducing  any  de- 
sired curve  within  certain  limits, 
small  size,  long  life  with  sustained 
iccuracy,  and  the  ability  to  replace 
more  costly  alternative  circuits  and 

components. 

Connectors 

Designed  especially  to  simplify  the 
making  of  connections,  taps,  and 
splices  in  coaxial  and  shielded  ca- 
ble are  connectors  announced  by 
Burndy  Engineering  Company  (17 


Bruckner  Blvd.,  New  York  54, 
N.  Y.)  as  an  addition  to  their  line 
! of  Hydant  products.  The  connect- 
ors aid  in  the  elimination  of  solder- 
ing and  minimize  the  possibility  of 
insulation  being  damaged  by  heat. 

High-Vacuum  Capacitors 

Jennings  Radio  Mfg.  Co.,  1098  E. 
William  St.,  San  Jose,  Calif.,  an- 
nounces four  new  high-vacuum  ca- 
pacitors ranging  from  1 /ifi f at  7) 
amp,  3,000  peak  volts  to  250  n/tf  at 
60  amp,  20,000  peak  volts  and  a 
special  high-power  unit  rated  50,- 
000  peak  volts.  Capacitors  are 


0 


in  a typical  machine  control  — Sigma 
sensitivity  and  high  speed  are  applied  in  this 
control  to  safeguard  valuable  dies  in  a large 
press.  Continuing  press  cycles  are  possible 
only  as  each  formed  piece  is  ejected  and 
monitoned  bv  the  control. 


I 


SIGMA  RELAYS  have  always  embodied 
Speed  Sensitivity 

Long  Life  Compactness 

Stability  Precision 


ow  is  the  time  to  let  our  Engineering  Department 
1Qw  what  additional  specific  features  will  be  re- 
aired  in  relays  for  your  product.  W e intend  to  design 
nv  r<»la  vs  for  expressed  demands  first  . Do  you  need 


• Multicircuit  Contacts  ? 

• Higher  Power  Handling  Capacity? 

• Polarized  Relays? 


• Differential  Operation  ? 

• Snap-Action  Contacts  ? 

4 A-C-relays  ? 


Write  and  let  us  know  the  relay 
features  which  would  be  specifi- 
cally useful  to  you.  especially 
those  not  now  obtainable  w exist- 
ing relays. 


Sioina  Instruments,  me- 

(^je^AdxAK'  RELAYS 

62  CEYLON  ST.,  BOSTON  21,  MASS. 


L. 
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£€  For  Smallest  t 
p Precision  Parts  and 
b Intricate  Timing  Gears 


J Consider  the  smallness  required  ( 
ol  some  ot  Ihe  most  important  — 

' precision  parts!  Timing  gears,  ” 
P bomb  lores,  hundreds  ol  "big  little"  “ 
f components  ot  aircratt;  comparable  lo 
W the  sire  ol  a ling  lack!  Tel  on  their  slurdi 
Pfc  ness  and  microscopic  accuracy  depend 
» the  success  of  llte  entire  mechanism. 
'On  the  perfection  ol  such  parts  Tel  air  has  built( 
a special  and  unexcelled  reputation.  “Tel-air 
means  accuracy”  is  proverbial  Ihruout  ^ 
^ precision  manulacture.  fcT 


> TODAY  IS  NONE  TOO  SOON  to  lamilai- 
ize  yourself  with  the  eieeptionally  complete  facilities,  and 
the  years  ol  specialized  engineering  eiperience  available 
to  you  io  Tel-air.  And  tooling  of  toughest  steels  and  newest 
alloys  is  a fine  art  here. 

Where  surpassing  precision  and  longest  dependability  are 
essential  objectives  io  your  product— present  or  post-war— 
you  can  not  afford  to  take  chances.  Make  sure  withTel-air ! 

Teleoptic  Diroctional  Signals  lor  the 
highway  are  made  to  the  same  standards 
ot  accuracy  and  dependability. 
WITHOUT  ANY  OBLIGATION  ON 
YOUR  PART -bung  your  problem 
Id  Tel  an  engineers,  lot  immediate  r 

attention  And  remember—  \ 

PROMPT  DELIVERY 
is  a rule  ^ ^ 

with  Tel-air.  | _ 


**M)  DEMY  RELAYS 

/ PROVIDE  DELAYS  RANGING 
FROM  I TO  120  SECONDS 


Other  important  features  include: — 

1.  Compensated  for  ambient  temperature 
changes  from  —40°  to  110°F. 

2.  Contact  ratings  up  to  115V-10a  AC. 

3.  Hermetically  sealed  — not  affected  by  al- 
titude, moisture  or  other  climate  changes  . . . 
Explosion-proof. 

4.  Octal  radio  base  for  easy  replacement. 

5.  Compact,  light,  rugged,  inexpensive. 

6.  Circuits  available:  SPST  Normally  Open; 
SPST  Normally  Closed. 

WHAT'S  YOUR  PROBLEM?  Send  for  ” Spe- 
cial Problem  Sheet”  and  Descriptive 
Bulletin. 


IAMPERITE  CO.l&BAK,lV# 

In  Canada:  Atlas  Radio  Corp.,  Ltd. 

560  King  St.  W.u  Toronto 


FREE! 

NEW  11th  EDITION 


The  only  official 
Radio  and  Electronic 
equipment  source-book 


Tells  you: 


WHAT 

the  product  does,  its  specifications,  com- 
parable and  competing  items  . . . Thou- 
sands of  illustrations. .. Data  covers  90% 
of  all  products  in  the  industry,  each  item 
indexed  and  cross  indexed. 

WHO 

makes  it.  Directory  of  manufacturers  al- 
phabetically listed,  with  page  numbers 
for  instant  reference. 

HOW  MUCH 

Prices  on  thousands  of  items,  all  clearly 
catalogued  for  easy  buying. 

WHERE 

you  can  get  it.  Your  nearest  sources  that 
can  supply  your  radio  and  electronic  re- 
quirements. Saves  time  . . . Eliminates 
bulky  files. 


Distributors 
from  coast  to 
coast  have  just 
bought  quanti- 
ties of  this  800 
Page,  hard -cov- 
ered encyclope- 
dia ready  for  free 
distribution. 


If  you  ore  an  Engineer  or  Purchasing 
Agent  WRITE  FOR  FREE  COPY  NOW. 
^ Write  us  on  your  company  letterhead 
and  well  put  you  in  touch  with  the 
jobber  nearest  you  who  has  your  FREE 
Copy.  No  obligations. 

Address  Dept.  FEP 

UNITED  CATALOG 

PUBLISHERS,  INC. 

110  Lafayette  St.,  New  York  13,  N.  Y. 


with  heater  wound 
directly  on  blade 
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available  in  small  enough  sizes  for 
aircraft  anti  mobile  police  equip- 
ment and  in  larger  units  for  heavy 
industrial  electronic  equipment. 

Crystal  and  Holder  Assembly 

Crystal  and  holder  assembly, 
designated  as  the  MX-9  Series,  is  a 
high-quality  Brazilian  quartz  crys- 
tal mounted  in  a dust  and  moisture- 
proof  holder  designed  to  fit  a 
standard  3-prong  crystal  socket.  It 
is  designed  for  frequency  control  in 
communication'  and  experimental 
service.  (The  frequency  is  specified 
by  the  customer.)  All  units  are 
calibrated  against  a primary  fre- 
quency standard  which  maintains  i 
an  accuracy  of  one  part  in  five  mil- 
lion. Frequency  range  is  260-10,000 
kc;  frequency  accuracy  is  rated  at 
a tolerance  of  0.01  percent  of  the 
specified  frequency  at  20  C is  main- 
tained for  all  frequencies  between 
250  and  1200  kc.  Between  1200  and 
10,000  kc,  this  tolerance  is  0.02  per- 
cent of  the  specified  frequency; 
temperature  range  between  minus 
40  and  plus  55  C.  Bendix  Radio, 
Baltimore,  Md. 

Torque  Tool 

Speed  and  comfort  in  operation 
are  features  of  a spintite-style  tool 
designated  as  “Tork-Tite”  which 
makes  possible  torque  tightening  in 
inch-ounce  settings  in  precision  in- 
struments. The  torque-limiting  ac- 
tion of  the  tool  eliminates  possi- 
bility of  over-tightening  and  as- 
sures accuracy  where  sensitive  and 
definite  torque  accuracy  is  required 


for  assembly  or  laboratory  work. 
The  tool  is  available  in  two  models, 
with  either  fixed  or  adjustable 
torque  setting.  The  adjustable 
model  is  quickly  set  to  a desired 
torque  reading  in  the  handle.  Sky- 
way Precision  Tool  Co.,  3217  Casi- 
t>*  Ave.,  Los  Angeles  26,  Calif. 

Screen  Booth  Filter 

A new  power-hne  filter  for  use 
with  screen-rooms  prevents  en- 
trance of  objectionable  line  noise  at 
frequencies  from  160  kc  to  400 
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PANEL  INSTRUMENTS 


zoo  300  1 

\o°  <00 

D.  C.  _ 

MILUAMPERES  4? 


(ju&uutteed  ACCURACY 

Due  to  design  characteristics  and  close  control  of  mmufacturing 
processes,  Burlington  instruments  embody  the  following  ad- 

nr  CALIBRATION  ...  All  DC  Instrument*  employ  Alnico 
“ -«•  *— • 

— 

• » »•“  - 

Im^LITY^OF  OPERATION  ...  Alt  instruments  are  "NORMALIZED  ’ 
rtet  «MiLTy  S^totoc^R"*«o.hBt"  and  other  calibration  .nor.  due  to  ageln,. 

Exceptionally  high  torque  to  SjSLTiff  X°»»2h»a£. 

insure*  minimum  error  under  condltlont  ol  snoot,  worm.™.  u . , 

Alignment  o|  Jewel.  and  =tcor. 

part*  coincide  within  plus  or  minus  .002  . reduced  to  a minimum  in 

ZStt  wuh^lewel  and*pWot  wear  U unllorm  which  reduce.  "WcUonal 

'"~Z  series  ZSL  2 coll.  are  hsa,  Irealsd  and  Impmgnaied  aher  wrapping 

10  Ac”/ DC1®** available  In  IW.  tW  and  4Vi"  M««.  both  square 

BURLINGTON  ^SJJtUMeNT  CO. 

_ BURLINGTON,  IOWA 


■ 


PANEL  INSTRUMENTS  • VOLTAGE  REG 
ULATORS  • AUTOMATIC  SYNCHRO- 
NIZERS e FREQUENCY  REGULATORS 

— . 


' 
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Normal  current  rating  mar 
be  exceeded  by  50%  at  any 
setting  up  to  1/3  total  rota- 
tion, without  damage. 


★ 


★ Hundreds  oi  thousands  oi  these  Clarostat 
power  rheostats  are  now  in  daily  use.  They 
are  standard  equipment  in  radio,  electronic, 
aircraft  and  other  wartime  assemblies.  Like- 


Rotor  design  provides 
smoothest  rotation  and  posi- 
tive conduction  at  all  set- 
tings. 


★ 


wise  in  more  and  still  more  industrial  equip- 
ment They  are  proving  that  they  "can  take 
it" — and  then  some.  No  tougher  controls 
are  made. 


The  25-  and  50-watt  units  here  shown  are 
oi  the  enclosed  or  protected  type.  Uncased 
units  are  also  available,  where  the  casing 
is  not  required.  Wide  choice  of  resistance 
values. 


★ Write  for  detail s 


1 to  5000  ohms  in  25  watt; 
Vi  to  10,000  ohms  for  50- 
watt. 

• ★ 

Dotsnt  action,  hop -offs,  spec- 
ial shafts,  different  termin- 
als. etc.  available  on 
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me.  The  unit  is  designed  for  con- 
tinuous operation  at  500  v d-c  or  a-c 
at  a full-load  current  of  100  amp. 


It  is  available  for  installation  in 
two-wire  and  three-wire  circuits, 
and  provides  attenuation  better 
than  60  db  over  the  entire  band. 
Three-wire  filters  measure  23  x 
12  x 41  in.  The  two-wire  filter 
measures  20  x 8 x 4t  in.  Tobe 
Deutschmann  Corp.,  Filterette  Div., 
Canton,  Mass. 


mbl 
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Capacitor  Mounting  Clip 

A new  capacitor- mounting  clip 
that  requires  no  tools  for  assembly 
is  announced  by  P.  R.  Mallory  & 
Co.,  Inc.,  Indianapolis,  Ind.  This 
clip,  originated  by  Mallory  and 


‘ H 


made  by  Prestole  Division  of  the  | 

Detroit  Harvester  Co.,  Toledo, 
Ohio,  is  available  in  five  sizes  rang- 
ing from  i to  11  in.  and  is  desig- 
nated as  Mallory  Type  TH  or  Pres-  t| 
tol  Series  600.  9 


High-Vacuum  Gage  1 

Redesigned  McLeod  type  portable 
high-vacuum  gage  with  built-in 
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WcUesip/io&l 

flack,  Caoe/U, 


enable  jacks  to  be  completely 
sealed  against  water  and  mois- 
ture. No  special  holes  or  tools 
required. 


Specified  on  many  Navy  Items. 
Knob  available  in  black  or 
red.  All  necessary  hardware 
included.  Moderately  priced. 


Send  for  catalog  on  this  and 
other  waterproofing  items. 


unmoor 


ELECTRIC  COMPANY 
70  E.  VERDUGO  AVE.,  BURBANK.  CALIF. 


ENGINEERS 


FOR  DESIGN  WORK 
ON  RADIO  RECEIVERS, 
AUDIO  AMPLIFIERS, 
TELEVISION 


Men  with  substantial 
experience  wanted,  pre- 
ferably those  having  De- 
grees in  Electrical  or 
Communications  Engi- 
neering. Write,  giving 
details  of  experience 
and  salary  expected,  to: 

freed  radio 

CORPORATION 


Makers  of  fhe  Famous  Freed- 
Eisemann  Radio-Phonograph 

200  Hudson  Street 


NEW  YORK  13.  N.  Y. 


IMMEDIATE 

DELIVERIES 


oc 


The  result  of 


1 0 years  of  Vacuum 


Tube  Voltmeter 


Engineering. 


MODEL  VM-27 


1-3-10-30-100  volts  full  scole. 
Peak  response,  r.m.s.  calibration. 


HIGH  IMPEDANCE— 4 megohms  at  SO  cycles,  40,000  ohms 
at  100  megacycles.  7 megohms  for  d-c. 


ACCURATE-Better  than  2 percent  on  d-c  and  40  cycles 
thru  SO  megacycles. 


SELF-CONTAINED—!  1 5 or  230  volt  50-40  cycle  line  operation. 


RF  PROBE 


Interchangeable  probe  included  for  convenience  and 
efficiency  in  making  AC  and  RF  measurements.  Input  ca- 
pacity S micro  farads.  Ruggedly  mounted  4H4  tube  in 
balanced  circuit.  Complete  voltmeter  with  probe  $150  net 
f.o.b.  Flushing,  N.  Y. 


ALFRED  W.  BARBER  LABORATORIES 

34-06  Francis  Lewis  Blvd.  Flushing,  N.  Y. 


WATERTIGHT 


PANEL  MOUNTING 

PLUGS  AND  RECEPTACLES 

VIBRATION-PROOF  ASSEMBLIES 


For  locknut  or  bolted  style  mounting  to  panels  1/16 
to  5/8"  thick.  Precision  built  housings  - light  weight, 
ample  wiring  space. 


Contacts  fully  machined,  self  wiping  and  free 

All  terminals  identifed.  Polarized,  grounded  and 

shielded. 


Interior  moulded  bakelite.  Moulded  rubber  gaskets  on 
watertight  style. 

Thousands  in  use  for  vital  war  service. 

Sou,  >902  Please  address 

— “ Dept.  No.  H 


ACCESSORIES 


To  incr.ai.  VM-27  rone, 
to  1000  VOlt«. 


10X  AC  MULTIPLIER 
MODEL  ACM-27 


Input  Impodonco  *v«n 
greoltr  than  pfobn 
clone.  Plot  roiponso 
from  20  cyclas  to  200 
mogacyclot.  $17,00  not 
f.o.b.  Flushing,  N.  V. 


I 


* 


10X  DC  MULTIPLIER 
MODEL  DCM-27 

5 mogohm*  input  roilst- 
once.  $8.00  not  f.o.b. 
Flushing,  N.  Y. 


EVERLOK 


AUTOMATIC 

LOCKING 


FOR 

PORTABLE  SOUND 
AND  SIGNAL  SYSTEMS 
2 to  12  POLE 


FOR 

POWER 

10  to  200  AMP. 
2,  3 & 4 POLE 


RUSSELL  & STOLL  COMPANY 

EXPLOSION-PROOF,  WATER-nGI^^ND^STRiAl  Ll'GH^TIN^G^HXTU^ES 

and  equipment,  automatic  locking 

125  BARCLAY  STREET  • NEW  YORK  7,  N.  Y. 
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IN— RES— CO 
RESISTORS 

embody  v\ 
essential  ' 


To  meet  the  demand  for  pre- 
cision-functioning  resistors, 
impervious  to  moisture,  heat 
and  other  detrimental  condi- 
tions, IN-RES-CO  types  RB  and 
SB  were  developed.  Non- 
Inductive,  and  with  standard 
tolerance  of  Va  %,  type  RB 
has  a maximum  resistance  of 
500,000  ohms,  and  measures 
9/16"  high  and  9/16"  in 


diameter.  It  is  rated  at  Va 
j watt.  Type  SB  is  rated  at  1 
watt,  has  a maximum  resist- 
ance of  1 megohm,  and  is 
1 1/16"  high  and  9/16"  in 


diameter. 


I Displaying  excellent  stability 
under  adverse  climatic  and 
operating  conditions,  an  ad- 


ditional feature  of  IN-RES-CO 
wirewound  resistors  is  their 
low  distributed  capacity.  The 
new  IN-RES-CO  catalog  cov- 
ering the  complete  line  of 
dependable  resistors,  meter 
shunts  and  multipliers  is 
available.  A note  on  your 
company  letterhead  will 
bring  it  promptly. 


condensable  vapor  trap  is  an- 
nounced by  F.  J.  Stokes  Machine 
Co.,  Philadelphia  20,  Pa.  Accurate 
readings,  within  the  micron  range, 
are  obtainable  even  when  condens- 
able vapors  are  present  in  the  vac- 
uum system.  The  compact,  built-in, 
renewable  chemical  cartridge  pro- 
tects the  gage  by  absorbing  all  such 
vapors.  Other  features  have  been 
incorporated  into  the  unit  which 
can  also  be  used  to  check  quality  of 
products  being  processed,  to  know 
whether  or  not  a vacuum  system  is 
tight  and  functioning  properly,  to 
determine  efficiencies  of  vacuum 
pumps  and  other  equipment,  etc. 
The  unit  is  available  in  two  models, 
zero  to  5000  microns  (5  mm)  and 
zero  to  500  microns. 

Point-to-Point 
Communication  Unit 

Illustrated  are  the  Roto-Beam 
Rotator  (top)  and  Synchro  Anten- 


a-Cator  station  control  which  will 
be  available  postwar  to  industry 
from  Gordon  Specialties  Co.,  823  S. 
Wabash  Ave.,  Chicago  5,  111.  Mes- 
sage traffic  (voice  or  code)  is  di- 
rected or  beamed  over  a narrow  arc 
which  tends  for  secrecy,  minimizes 
interference,  and  increases  signal 
strength  6 to  9 db  (power  gain  of  5 
to  8)  in  the  desired  direction,  with- 
out increasing  the  power  of  the 
transmitting  source.  The  unit  is 
effective  on  either  transmission  or 
reception. 


Get  the  Specifications 
On  This  Improved 

One -Pieee 


SolderlessTerminal 


You'll  be  amazed  to  see  how  pro- 
duction can  be  increased  and 
performance  improved,  with  the 
Sherman  UNI-CRIMP  One-Piece 
Solderless  Terminal. 

Here's  a terminal  that  insures 
highest  conductivity.  It  is  made  of 
fine  grain,  specially  rolled,  pure 
electrolytic  copper,  rated  at  1 00% 
conductivity.  And  — the  entire  in- 
side of  the  barrel  is  serrated,  which 
provides  a strong  grip  on  the 
entire  circumference  of  the  wire, 
and  g really  increases  the  contact 
area. 

Write  for  Bulletin  UC-2,  giving 
full  specifications.  See  for  yourself 
why  the  UNI-CRIMP  is  stronger 
mechanically,  more  efficient  elec- 
trically, easier  to  install,  and  more 
economical. 

Find  out  how  you  can  switch 
over  to  the  UNI-CRIMP  and  speed 
up  production,  without  any  change 
in  your  present  set-up. 

H.  B.  Sherman  Mfg.  Co., 
Battle  Creek,  Mich. 
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The  Sherman 

UNI-CRIMP,  j 

Solderless  Terming!  | 
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STEATITE 

CERAMIC 


Properties  and  Characteristics  a#  Oar 
LAVITE  SI-5  Steatite  Ceramic  Body 

Compressive  Strength  08,000  lb.-  per  .guar,  inch 

T*r.ili*  Strength  7.200  lb.,  per  .guar*  inch 

rEnirtt  Strength  10.800  lbs.  per  square  inch 

Rodulut  of  Rupture  20.000  Iba.  ft' 

Oiriectrie  Strength 23S  volts  per  mil 

Dielectric  Constant I Frequency  of 

i * 

SW55S  5SS?r.;.-w  o.bii-.bi:  w 

Hardness  (Mohr  scale)  • Xmnoic 

Softening  temperature  . . . . . W 

Linear  Coefficient  of  Ixpansion  8 * 3 *l°Tr 

VsitUire  Absorption  (ASTM  0-118-42-A). 0.008^0 

Makers  of  electrical  and  radio  apparatus  destined 
for  war  service  are  finding  in  LAVITE  the  pre- 
rise  qualities  called  for  in  their  specifications 
. . . high  compressive  and  dielectric  strength, 
low  moisture  absorption  and  resistance  to  rot, 
fumes,  acids,  and  high  heat.  The  exceedingly  low 
luss-factor  of  LAVITE  plus  its  excellent  worka- 
bility makes  it  ideal  for  all  high  frequency 
applications. 

We  will  gladly  supply  samples  for  testing. 


NiW  BATTERY-VIBRATOR  TYPE 

No  more  tiresome  cranking  of  a hand-driven 
generator.  Entirely  self-contained.  Steady 
test  potential  of  500  volts  D.  C.  available 
at  the  touch  of  a switch.  Direct  reading  in 
insulation  resistance.  Various  new  models 
and  ranges. 

Write  or  phone  for  Bulletin  430 


Jut  tyOWl  ctoCVK.. 


TO  PROVE  THE  SUPERIORITY  OF 
THE  NEW  MODEL  MK  FOOT  SWITCH 

The  NEW  Model  MK  Foot  Switch  it  wife,  »ur#  ond  fotigue-proof  I It  it 
detlgned  for  mounting  on  the  Boor,  ond  the  treadle  it  to  clote  to  the  Boor 
that  the  operator  con  ret!  hit  full  weight  in  the  mott  normal,  mott  reitful 
poiition.  The  hood  over  the  treadle  molcet  the  Model  MK  absolutely 
tafe—  the  foot  mutt  be  interted  in  the  twitch  to  actuate  the  control. 
The  Model  MK  employ!  the  fomout  Aero  twitch  unit  which  it 
your  guarantee  of  million!  of  trouble-free  operation!.  Write  for 
detailt — the  rugged  conitruction  and  low  cotl  will  pleate  you. 

We  ore  able  to  supply  you  from  itoefc 

General  Control  Company  maket  a line  ^ 

*0  of  foot  iwilchet  for  every  need  — ^ 

otk  for  Catalog  No.  100. 
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/ttweru  CONDENSER 


BUD  condenser*  are  made  to  meet  most 
electronic  applications  . . . in  *'*•*  from 

less  than  an  inch  to  over  thirty  inches 
with  a wide  range  of  air-gaps,  capacities 
and  other  mechanical  details.  Before  order- 
ing  special  condensers,  consult  the  BUO 
Catalog.  Chances  are  that  you  will  find 
exoctly  what  you  want  ...  at  a saving 
in  time  and  money!  Write  for  your  copy! 

SEND  COUPON  TODAY! 


BUD  RADIO 


Cleveland  3,  Onto 


I 

1 


You  may  want 
to  build  BELL 
electronic 
controls  or 
assemblies  into 
your  post-war 
plans 

I BELL  may  stack  up  perfectly 
— in  both  facilities  and  expe- 
rience— as  a source  of  electronic 
controls  or  assemblies  to  meet 
the  needs  of  your  post-war 
products  or  production.  We'll 
gladly  discuss  the  ABC's  of 
electronics  with  you  in  terms 
of  your  specific  problem.  Why 
not  write  today? 


BELL  PRODUCTS  INCLUDE: 
Electronic  Sound  Devices  . . . Inter- 
communicating Systems  ...  In- 
dustrial Voice-Paging  and  Broad- 
casting Equipment  . . . Permanent 
and  Portable  Amplifying  Systems 
. . . Recording  and  Disc  Playing 
Units  . . . Electronic  Controls  . . . 
Operating  Sequence  Recorders  . . . 
Other  Special  Devices. 


BELL  1*^| 

SOUND  SYSTEMS,  INC. 

1189  Essex  Ave.,  Columbus  3.  Ohio 

Export  Office: 

4900  Euclid  Ave.,  Cleveland  3,  Ohio 


Literature. 


Symbols  for  Electronic  Diagrams. 
The  Reference  Sheet  of  graphical 
symbols  for  electronic  diagrams 
which  appeared  in  August  issue  is 
now  available  in  reprint  from  at 
a cost  of  10  cents  each.  The  re- 
print is  printed  on  heavier  white 
coated  paper  and  will  be  mailed 
flat  so  that  it  can  be  mounted  and 
used  as  a handy  and  quick  refer- 
ence sheet.  Write  Electronics, 
Editorial  Dept.,  330  West  42nd  St., 
New  York  18,  N.  Y. 

Standards  Catalog.  Available 
through  American  Standards  As- 
sociation (70  East  45th  St.,  New 
York,  N.  Y.)  is  a new  list  of  all 
American  standards  and  war 
standards  to  date.  Approximately 
800  are  listed  under  various  fields 
covered  by  the  Association  and  ref- 
erence is  facilitated  by  a separate 
alphabetical  list.  Typical  of  1944 
items  in  the  electrical  engineering 
category  are: 

C6.1.  Terminal  Markings  for 
Electrical  Apparatus. 

C8.1.  Definitions  and  General 
Standards  for  Wire  and  Cables 
( AIEE  30-1944). 

C16.10.  Volume  Controls  (Home 
Receiver  Replacement  Type) 
(American  War  Standard). 

C29.1.  Insulator  Tests  (AIEE 
41-1944). 

C39.2.  Electrical  Indicating  In- 
struments (24-  and  34-inch  round, 
flush-mounting,  panel  type)  (Amer- 
ican War  Standard)  (2nd  edition). 


Standards  Literature.  Two  pieces 
of  literature,  namely  “Standards 
on  Radio  Wave  Propagation”  (defi- 
nitions of  terms  relating  to  guided 
waves,  1945)  and  “Standards  on 
Piezoelectric  Crystals”  (recom- 
mented terminology,  1945)  are 
available  at  20  cents  each  from  The 
Institute  of  Radio  Engineers,  Inc., 
330  West  42nd  St.,  New  York  18, 
N.  Y. 


Technical  Reference  Book.  This 
book  is  a mechanically  handy 
loose-leaf  binder  which  embraces 
not  only  the  manufacturer’s  prod- 
ucts (United  Electronics  Company, 
manufacturers  of  industrial  con- 
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qiANHINI  l CO 


THE 

AMERICAN  PLATINUM 
WORKS 

N J.  R R.  AVE.  AT  OLIVER  ST. 
NEWARK  5,  N J. 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


MM 

promco 


DOUBLE-CHECK  SYSTEM 

#JE-I0 — Miniature  socket 
wiring  plug  For  accurate 
alignment  of  miniatura 
tockaF  contacts  during 
wiring.  Precision  cart  of 
line  base  alloy— Pina  of 
afainlaaa  afaal. 


rJE-12—  (Hardanad 
tool  afaal  inaarf)  or 
JE-13  (Stainless  afaal 
inaarf)  Miniatura  tuba 
pin  afraigbtanar  to  ob- 
tain a perfect  fit  whan 


>**±**2*  V.»»  * 

^000.000  P-««OI  you.  iT 
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For  compfoto  Information 
and  prfeof — writ# 

RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

147  Cedar  St..  Naw  York  6.  H.  Y. 


■Vorrin9'on' 


Uorvroo1 


WIRE  • SHEET  • TUBING 
SILVER  BRAZING  AUOYS  & FLUXES 


SEAMLESS  TUBING 


WE  INVITE  INQUIRIES  RE- 
GARDING ALL  APPLICATIONS 
OF  PRECIOUS  METALS  TO 
ELECTRONIC  PRODUCTS. 


SINCE 

U75 


161  EAST  CALIFORNIA  STREET 
PASADENA  3,  CALIF.,  U.  5.  A. 


ELECTRONICS 


me 


L 


Digitized  by 


Google 


PRECISION  PARTS 


THREE  STEPS 
TOWARD  VICTORY 


Fast  communication  between  fight- 
ing-units gives  the  all-important  co- 
ordination that  often  means  the 
difference  between  success  and  fail- 
ure. These  tiny  rotor-shafts  are  a 
vital  part  of  an  Army  generator  that 
develops  the  “juice”  to  send  the 
messages  back  and  forth. 

Stainless  steel  bar-stock  is  center- 
less-ground  to  a tolerance  of  .0005'. 
Next,  the  blanks  are  machined  in 
automatic  screw  machines,  the  knurl 
being  held  to  .002'  on  the  outside 
diameter.  The  flats  are  straddle- 
milled  and  the  shaft  is  completed  by 
thread-grinding  the  worm. 

This  is  typical  of  Ace  work  on 
small,  accurate  parts  and  assemblies 
involvingstamping,  machining,  heat- 
treating,  and  grinding.  You’ll  find 
Ace  facilities  and  abilities  offer  many 
advantages.  Send  sample,  sketch,  or 
blueprint  for  quotations. 


CURRENT  CAPACITY  AVAILABLE 

CYLINDRICAL  GRINDING— Multiple 
banks  of  widely  varying  internal  and 
external  cylindrical  grinders  are 
available  for  outside  diameters  up 
to  12'  by  24'  between  centers  . . . 
and  inside  diameters  as  small  as 
'At  or  as  large  as  *’  by  2H"  long. 
THtlAD  GRINDING— Our  battery  of 
Ex-Cell-O  and  J & L Thread  Grind- 
ers equips  us  to  give  you  tolerances 
of  .0001*  on  all  Standard  V Threads, 
Acme  and  Square  Threads,  and  on 
single  or  multiple  leads.  All  sixes  up 
to  5'  diameter  with  threads  8'  long, 
on  parts  up  to  20'  between  centers! 


| ACE  MANUFACTURING  CORPORATION 

| for  Precision  Part* 

! w- 

\ 

j 1255  E.  ERIE  AVE.,  PHILADELPHIA  24,  PA. 
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trol,  radio  transmitting  and  power 
tubes)  but  the  general  field  of  elec- 
tronics. Among  some  of  the  chap- 
ters contained  in  the  book  are: 
“Basic  theory  of  electron  tubes; 
tube  classifications  and  character- 
istics; tube  manufacturing  proce- 
dure; tube  functions  and  modes  of 
operation;  circuit  data;  end  uses  of 
electron  tubes;  installation  consid- 
erations; standardization  practice; 
interchangeability  chart;  defini- 
tions of  electrical  terms;  new 
standardized  circuit  symbols;  con- 
version tables  and  a bibliography. 
Write  United  Electronics  at  42 
Spring  St.,  Newark  2,  N.  J. 

Speaker.  A two-way  multi-cellular 
loudspeaker  (designated  as  The 
Duplex  Speaker)  for  monitoring, 
radio,  public  address,  recording, 
television  and  f-m  reproduction,  is 
illustrated  and  thoroughly  de- 
scribed in  a 12-page  bulletin.  The 
bulletin  also  contains  a sound  chart 
which  shows  the  frequency  cover- 
age (from  40  to  15,000  cycles  plus) 
of  the  speaker.  Response  curves  for 
Model  No.  605  Duplex  loudspeaker 
are  also  given.  Altec  Lansing  Corp., 
1210  Taft  Bldg.,  Hollywood  28, 
Calif. 

Electrical  Contacts.  A new  36-page 
electrical  contact  catalog  and  data 
book  designated  as  Contact  Catalog 
No.  12  is  published  for  manufac- 
turers of  products  utilizing  con- 
tacts. Many  types  of  Stackpole  con- 
tact materials  and  notes  on  the  ap- 
plications of  each  type  is  given. 
Stackpole  Carbon  Co.,  St.  Marys. 
Pa. 

Aircraft  Communications  Equip- 
ment. Type  RTA-1B  communica- 
tions equipment  for  aircraft  use 
combines  ten  crystal-controlled  re- 
ceiver and  transmitter  channels 
with  integral  power  supplies  into  a 
single  unit  weighing  less  than  88 
lb.  The  equipment  is  described  in  a 
4-page  bulletin  from  Bendix  Radio, 
Baltimore  4,  Md. 


Magnavox  Literature.  Four  sep- 
arate pieces  of  literature  from  The 
Magnavox  Company  (Fort  Wayne 
4,  Ind.)  include:  “A  Reference 
Guide  to  Magnavox  Electrolytic  Ca- 
pacitors” which  is  a 24-page  book- 
let; and  three  single  sheets  which 


NOZZLE  TESTER 

Keeps  D/esef  Engines 

Running  Effieinntly 

lb  keep  diesel  engines  operating  at 
peak  efficiency,  this  portable,  preci- 
sion-built Adeco  Nozzle  Tester  is  in- 
dispensable. 

Light  in  weight  yet  built  for  heavy- 
duty  service,  it  enables  any  mechanic 
to  make  quick  accurate  tests  on  in- 
jector opening  pressure,  spray  pattern, 
etc.,  and  detect  stuck  needle  valves 
and  leakage  around  valve  seats.  Tests 
both  large  and  small  injectors,  on 
bench  or  engine,  at  pressures  up  to 
10,000  p.  8.  i.  Prevents  costly  delays 
and  possible  damage  to  engine. 

Ideal  for  test- 
ing hydraulic 
devices. 


Write  for  bulletin 
on  this  practical, 
lou-cost  unit. 


AIRCRAFT  & DIESEL 
EQUIPMENT  CORP. 


DEPT.  16:  4411  N.  RAVENSWOOD  AVE. 

CHICAGO  40,  ILLINOIS 
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F.W.  STEWART  MFG.CORP. 

4311-13  RAVENSWOOD  AVE. 
CHICAGO  13.  ILL. 

WEST  COAST  BRANCH: 

411  Vtnicc  Blvd.;  Lei  Anjclei  Cal* 


it  you  are  a 
SENIOR 

ELECTRONIC 

ENGINEER 

WITH  EE  DEGREE  OR 
PROVEN  EQUIVALENT 

here  is  your 

OPPORTUNITY! 


REGULATED  POWER  SUPPLY 

230-450  VOLTS 

^ Wide  fields  of  application  have  been  opened  up  both  in 
research  and  industry  for  this  unit.  A-C  ripple  is  negligible 
and  extreme  care  has  been  taken  to  eliminate  high-fre- 
~v  noise.  Regulated  power  supply  units  are  invaluable  for 
applications  as  amplifiers,  television  pulse  generators, 
int  frequency  oscillators,  and  measuring  equipment. 
j-E  regulated  power-supplies  are  available  in  the  follow- 
ges:  180-300  volts  1 60- 1 500  volts  Dual  Regulated 

nrfav  : Electronics  Department,  Specialty  Division,  i 


ELECTRIC 


GENERAL 


Electronic  Measuring  Instruments 


have  an  opening  for  a design 
engineer  under  40  who  has  a thor- 
ough knowledge  of  tubes  and  low 
frequency  circuits  up  to  100  kc. 
I his  is  a permanent  position  with 
a Progressive  Chicago  firm.  Start- 
ing salary  $5000.00  to  $6000.00. 
his  is  a splendid  opportunity  with 
P enty  of  room  for  advancement 
0r  a man  who  is  willing  to  accept 
responsibility  as  his  abilities  are 
proved. 

Please  tell  us  all  about  yourself 
'n  ^0ur  hrst  letter— state  age,  ex- 
perience, education,  etc.,  Enclose 
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describe  Model  14-12C,  Model  12C 
and  Model  305  (15-in.)  dynamic 
speakers. 


Headers  and  Sealed  Leads.  Data 
and  specifications  on  E-I  multiple 
headers  and  sealed  leads  are  con- 
tained in  a 6-page  leaflet.  Four 
basic  types  of  hermetically-sealed 
headers  are  described  in  diagram 
form  as  well  as  in  descriptive  data. 
One  page  of  the  leaflet  is  devoted  to 
hermetically-sealed  terminals.  Elec- 
trical Industries,  Inc.,  42  Summer 
Ave.,  Newark  5,  N.  J. 


Nilsson  Electrical  Laboratories. 
Instrument  manufacturing  and 
service  facilities  of  Nilsson  are  de- 
scribed in  a 20-page  booklet  which 
also  illustrates  and  describes  some 
of  the  products  (shunts  and  resis- 
tors, radio  direction  finders,  audio 
amplifiers,  vibration  test  table,  etc) 
which  Nilsson  furnishes.  103  La- 
fayette St.,  New  York  13,  N.  Y. 


WOLLASTON  PROCESS 

Wire  as  small  as 

- 1 { OF  AN  INCH 

100,000  ? IN  DIAMETER 

• . . available  in  Platinum 
and  some  other  Metals 

.00001" 


» unit  dwigi 
fic  job,  mgii 
exact  perfon 
* ments,  pree 

your  specification!!,  pnxfa 
for  your  needs.  SM  ftl 
motors  are  made  to  orda 
from  3,500  to  20,000  R.P, 
to  1 /200th  H.P.  — voltaj 
220  AC-DC.  Illustrated  « 
SM-2  Blower  Motor,  mu 
have  been  made  for  railiu 
Other  SM  motors  have  b 
and  produced  in  large  Ti 
wide  variety  of  radio,  aircri 
applications  where  rugged  | 
ina,  long  life  and  dependal 
ance  were  primary  requisiti 


High-Vacuum  Pumps.  Improved 
Microvac  pumps  (with  higher  vol- 
umetric efficiencies  and  lower  power 
requirements,  and  greater  simplic- 
ity, than  the  models  they  replace) 
are  described  in  a 4-page  bulletin 
(No.  463)  from  F.  J.  Stokes  Ma- 
chine Co.,  Tabor  Road,  Philadelphia 


is  less  than  1/30  the 
diameter  of  the  smallest  wire 
die  commercially  available. 
Yet  our  Wollaston  Process 
wire  (drawn  in  a silver  jacket) 
closely  meets  your  specifica- 
tions for  diameter,  resistance 
and  other  characteristics. 

• 

This  organization  specializes 
•n  wire  and  ribbon  of  smaller 
than  commercial  sizes  and 
closer  than  commercial  toler- 
ances. W,ii»  for  Li„  Q,  product. 


Vinson’s  Quarterly  Report.  The 
Director  of  War  Mobilization  and 
Reconversion  has  made  his  Quar- 
terly Report  (dated  July  1,  1945) 
to  the  President,  the  Senate  and 
the  House  of  Representatives.  It 
bears  the  title  of  “The  Road  to 
Tokyo  and  Beyond”  and  is  available 


DEPT.  50 

Manufacturer!  of  special  smoB 
universal,  fractional  H.  P . motors,  & T®** 
pole  motors,  healer  motors,  gti*"** 


endix  Radio  Literature.  Loose- 
leaf  sheets  issued  by  Bendix  Radio, 
Baltimore,  Md.,  include  Bulletin 


Design  • Engineering 


September 


GooqI 


Engineered  and  built  by 


Ml  APPLIANCES 

leserve  the  best  plugs 

he  continuing  performance 
>f  your  product  in  the  con- 
umer's  hands  depends  upon 
he  plug  that  transmits  the 
rawer  for  its  operation.  In  the 
ompetitive  post-war  market, 
rou  can  safely  use  nothing  but 
he  best .... 


HIL 


PLUGS 


BIX 


I E 


L E STREET 
ODE  ISLAND 


m 


RUBBER  COMPANY 
Selling  Agents 


SPECIAL  PURPOSE 
Electronic  and  Mechanical 

T EQUIPMENT 

t electrical  and  mechanical  instruments  . • • air- 
•ols,  radar,  meteorological  stations,  and  similar 
Built  to  specifications  and  designs.  Inquiry 


ICATIONS  MANUFACTURING  00. 

M W VOlIK  H>-  V T • 

I • Sprriol  Coils  • Krmlors  • >ouml  >s  stoats 
Irmc,.  I’honoernph  • Coaxial  Transmission  l.inr* 


preferred 

as  a source  of  pre- 
cision-made 
W A S H E R S and 
STAMPINGS 
manufactured  t o 
your  specifications. 


WASHERS  specifications, 

ing  Screws 

HEAD  STAMPING  CO. 

ette  Blvd.  Detroit  16,  Michigan 


FM  and  AM 

FREQUENCY 

MONITORS 


Direct  reading.  No  charts  or  com- 
plicated calculations  necessary. 
Models  available  for  110  volt  A.C. 
or  battery  operated  portable  use. 
Meet  FCC  requirements. 


* 4* 


i — - 


DISTORTION 
METER 


Direct  reading  device  which  indi- 
cates as  a percentage  of  the  funda- 
mental frequency,  the  square  root 
of  the  sum  of  the  squares  of  the 
harmonic  components.  It  is  used 
for  audio  frequency  measurements 
in  any  audio  device  in  the  usual 
range  of  voice  or  musical  notes 
from  150  to  15,000  cycles. 

# Utilize  the  many  advantages  of 
these  units  now.  They  are  sturdily 
built,  self-contained,  moderately 
priced.  Remember  . . . equipment 
pioneered  by  DOOLITTLE  years 
ago,  still  serves  efficiently  today! 

SEND  FOR  FULL  DETAILS 


^-^RADIO,  INCe 

7421  SOUTH  LOOMIS  BOULEVARD 
CHICAGO  36,  ILLINOIS 


builders  of  °recision 
radio  equipment 


• Here's  How  You  Can  Use 
These  "Tools"  Jo  Build  A 

Better  Job  and  Secure 
Career  In  Radio-Electronics! 


THERE'S  NO  PRIORITY 
ON  A BETTER  JOB! 


No.  SE-110  which  describes  Tvpe 
MS-97  control  desk  for  the  master 
control  position  of  a radio  com- 
munication station  handling  a 
heavy  volume  of  traffic;  Bulletin 
No.  SE-I12  which  describes  Type 
MS-105A  broad  band  dipole  an- 
tenna, especially  suited  to  aeromiut- 
tical  service  operating  in  the  range 
of  108  to  132  me;  and  a 1-page  leaf- 
let on  Type  MT-48X  antenna  strain 
insulator. 

Dial  Light  Sockets.  Catalog  No.  I 
101  contains  16  pages  of  illustra- 
tions  and  some  descriptive  data 
about  dial  light  sockets  for  radio 
receivers  and  transmitters,  test  in- 
struments and  other  electrical 
equipment.  Lenz  Electric  Mfg.  Co 
1751  N.  Western  Ave.,  Chicago  47.’ 


„ Now  ‘ha(  ,he  war  is  over,  it  will  be  the 
survival  of  the  fittest.”  Employers  will  once 
again  be  choosey.”  Only  the  best  qualified 
men  will  be  selected  for  the  best  paying  jobs. 

N0*  “ the  time  10  ‘«ke  time  to  prepare 
yourself  for  these  important,  career  jobs  in 
radio-electronics  engineering.  CREI  can 
show  you  the  sure  way,  by  providing  you 
wnh  he  ‘‘tools’*  of  knowledge  to  build  . 
firm  foundation  of  practical  ability  based 
on  a planned  program  of  technical  training 

In  the  CREI  proved  home  study  course 

IZ  T T °Dly  A°“^but  Why!  Easy-to- 
read-and-understand  lessons  are  provided  you 

well  in  advance,  and  each  student  has  hi. 

personal  instructor  who  corrects,  criticizes 

i TT"8  0n  each  e»m- 

ation.  This  is  the  successful  CREI  method 
of  training  for  which  thousands  of  profes- 
«onal  radiomen  have  enrolled  since  1927. 

suir,ede8,ogate  ”°W  -,he  CREI  COurse 

r*'f°ra,l 


Microphone.  Model  BA-301  “Hush- 
atone”  is  a miniature  speaker  de- 
signed for  under-pillow  use.  A 
locse-leaf  sheet  froin  The  Brush 
Development  Co.,  3405  Perkin< 
Ave.,  Cleveland  14,  Ohio,  illus- 
trates and  describes  the  micro- 
phone. 


• WHITE  FOR  HEW,  FREE  36-PAQE  BOOKLET 


h«*  *»<l  ProfoMlonal  «r 

to  mtr  *XMrt*nM  »»<  want 
o make  more  money— let  us  prove 

r 

AUU  HHSSCUT  wi«t.S!S*TIM 

CAPITOL  RADIO 

engineering  institute 

M.  3224  - Hth  street.  N W 
WASHINGTON  10,  D.  C. 

Contractors  to  U.  $.  N«w__n  • ^ 

—Canadian  Broadcatfl^Te^*  Coo*f  Cuord 
Wnl|>trolnnd  TncAnlcal  ProdMe#r*  of 

nwr.  of  Technical  Schools  I 


Cathode-Ray  Photography.  A com 

SwVi the  essential  characteris 
cs  of  P-5  (calcium  tungstate)  and 
11  (sulphide)  screens  for  cath- 
ode-ray photography  are  contained 
a 1-page  bulletin  from  Allen  B 
DuMont  Laboratories,  Inc.,  2 Main 

ar l t N‘  J-  Both  greens 

are  of  the  short  persistence,  blue 

fluorescent  type  and  of  high  photo- 
graphic actinity,  the  main  differ- 
ence being  the  considerably  higher 
Photographs  and  visual  efficiency 
the  p-n  screen  and  the  shorter 
Persistence  of  the  P-5  screen 


Rotary  Power  Equipment.  Bulle- 
and  ^/?°"  44k  iS  neW  and  condensed 

“J LdefCribes  varioua  generators, 
magmotors,  converters  and  dyna- 
motors  manufactured  by  Carter 
Motor  Co.,  1608  Milwaukee  Ave 
Chicago,  HI.  ’ 


Hermeti03^  sea,ed  ,nstruments 

deserfh^  1^u,letin  dlustrates  and 
describes  lj,  2J  and  3I-in  her- 

pTnrfl1,y,Sealed  instruments  for 
P nel  flush  mounting.  The  Triplett 
ectncaj  Instrument  Co.,  BlufFton, 


SIMILAR  DESIGN"*^ 

• . . DIFFERENT  MATERkp 

Hartford  offers  you  i 

ciency  you  con  use  profit 
the  competitive  years  ohi 
metal  or  plastic  component 
from  Rod  or  Tubing... 
machine  products  by  desi 
methods  based  on  expei 
neering  knowledge 
equipment  unusually  di< 
for  precision  production 
plete  mechanical  assemble 

★ 

PLASTICS 

From  Rod  & Tubing 

★ 

Centerless  Ground  , 
Machined  • Borizing  • Slotfet 
Milled  • Knurled  • Drilled 
Threaded  • Tapped 


SCREW 

l/64* 


Metal  Inserts 

★ ^ 
MACHINE  PRODUCTS^,1. 

to  5"  Dia.  All  Metals  ‘ 1 1 


THE  HARTFORD  MACHINE 
SCREW  COMPANY 

HARTFORD,  CONNECTIdJ 
Since  1876 


September  1945  — 
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STAR  Makes  More 

Than  Just  STEATITE 

FindOut  Now  About 

STAR 

CERAMICS 

There  are  many  Unde  for 
■pedal  uees,  such  as  appli- 
cations calling  for  resistance 
to  electridty.  heat  moisture. 
fjiamirals  or  weathering 
agents.  There  are  more  than 
a score  of  formulas  in  actual 
production  at  one  time  in  our 
factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod- 
ucts." It  is  right  to  the  point. 

★ 

Jhe  STAR 
PORCELAIN  CO. 

Electronics  Dept. 

Trenton  9,  N.  J. 


TO  REMEMBER  when 


STnniuvcK 

R.f.  (OILS 

and  associated  assemblies 

Ttare  is  a Stanwyck  coil  for  every  appli- 
cation in  the  Radio  Frequency  Spectrum 
"coils  that  have  met  the  requirements 
w*r  and  which  will  meet  your  require- 
ments when  the  war  is  won  . . . Send  for 
°^#r  ^esCfibing  our  line  and  facilities. 

STANWYCK  WINDING  CO. 
NEWIUR6H  NEW  YORK 


• Designed  and  engineered  for  individual 
requirements 

9 Developed  by  skilled  technicians 
9 Manufactured  in  a modern  factory  with  lat- 
est production  techniques  and  methods 

Electronic  Engineering  Co.  is  one  of  the 
leading  manufacturers  of  specialized 
transformers.  With  an  enviable  reputa- 
tion of  solving  transformer  problems 
where  others  have  failed,  the  facilities 
of  this  modern  plant  and  the  talents 
of  a skilled  engineering  staff  are  avail- 
able to  design,  engineer  and  produce  t 
transformer  best  fitted  for  your  needs. 


CO** 


3225  WEST  ARMITAGE  AVENUE^XHICAGO  47,  ILLINOIS 


frf&t/i/  'Bia/CcOac  -judC out 


Copy  with  price  sheet  mailed  on  request. 
Ask  for  BULLETIN  4505. 


SSWHITE industrial  „j 

THE  S.  S.  W^ITE  DENTAL  MFC.  CO.  _ ___  |&|I  n.w  you.  is.  n.  -® 

Ac,  Z7,.„  ,„.m  ■ ........  >»«■■ 

Om  *{  A AAA  W £***** 


8 


NEW  BOOKS 


V”  IMMERSION 'PROOF 


POWER 

SPEAKERS 


Cavity  Resonators 

By  Alfred  De  Quervain.  Electrische 
SchwingtSpfe  und  Hire  Anwendung  in 
der  Ultrakurzwellen-Verstarkertech- 
nik  (Electric  “Pot”  Resonators  and 
their  Application  in  Ultra  Short  Wave 
Amplifiers).  Published  by  A.  G.  Lee- 
mann  & Co.,  Zurich,  Switzerland, 
19U,  86  pages,  Fr.  6.  — , RM  8.60. 

This  small  German-language  vol- 
ume is  an  account  of  the  author’s 
work  during  the  past  few  years  on 
the  theory  and  application  of  cer- 
tain forms  of  cavity  resonators  to 
uhf  amplifiers. 

Although  many  variations  are 
covered  in  the  text,  the  fundamen- 
tal form  of  resonator  considered 
consists  of  an  enclosed  coaxial  line 
cavity  with  capacitance  loading  at 
one  end  provided  by  a large  disc  on 
the  central  conductor,  all  dimen- 
sions being  small  in  comparison 
with  the  resonant  wavelength.  Such 
cavities  are  designated  by  the  au- 
thor as  "pot”  resonators. 

By  treating  these  resonators  as 
consisting  of  lumped  inductance 
and  capacitance,  a graph  is  shown 
in  which  dissipative  loss  is  plotted 
as  a function  of  cavity  dimensions 
for  a series  of  reference  cavities 
constructed  of  copper  and  for  a 
given  frequency  and  inductance. 
Since  the  values  for  unloaded  Q and 
for  parallel  impedance  are  readily 
obtainable  from  the  dissipative  loss, 
cavities  of  any  desired  characteris- 
tics, within  attainable  limits,  are 
easily  proportioned  by  scaling  the 
dimensions  of  a suitably  chosen  ref- 
erence cavity  from  the  graph.  Al- 
though the  resonators  discussed 
throughout  the  book  are  for  the 
range  from  150  to  300  Me,  dimen- 
sions may  be  scaled  down  to  the 
microwave  range  or  up  to  the  lower- 
frequency  spectrum.  An  analysis 
of  the  temperature  coefficient  of 
frequency  is  given  and  a first-order 
method  of  temperature  compensa- 
tion is  derived  which  consists  of 
making  the  central  conductor  of  two 
differing  materials,  having  appro- 
priately selected  lengths  and  tem- 
perature coefficients. 

Taking  into  account  the  well- 
known  limitations  of  conventional 
tubes  ft  these  frequencies,  the  ap- 
plication of  resonators  as  interstage 
coupling  networks  is  thoroughly 
analyzed  and  a brief  discussion  of 


UNIVERSITY  Model  B-6  If  a directional 
loudspeaker  with  power  handling  ca- 
pacity of  150  watts;  response  of  300 
to  5000  cycles  and  range  of  1 milt 
ovor  open  country — 2 miles  over  water. 
This  speaker  not  only  may  be  sub- 
merged, but  is  buoyant  In  fresh  or  salt 
water.  Following  such  Immersion,  unit 
functions  normally  immediately  after 
drainage  of  sound  channels.  The  dia- 
phragm is  blast-proof— permitting  op- 
oration  under  full  battle  conditions. 
The  B-6  incorporates  6 driver  units. 
Each  unit  Is  shunted  with  a special 
reactor.  An  open  unit  coll  causes  the 
reactor  impedance  to  drop  permitting 
continued  functioning  of  the  associ- 
ated series  connected  driver  bank  with 
only  slight  reduction  in  output  volume. 
A collapsible  tripod  Is  available  for 
mounting  this  loud  speaker. 

Write  today  for  Information  on  this  all- 
inclusive  UNIVERSITY  line  of  olectro- 
acoustlc  reproducers. 


UNIVERSITY 

LABORATORIES 


225  VARICK  STREET 
NEW  YORK  14,  N.  Y. 
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PEERLESS  Electrical  Products  Co. 

6920  McKinUy  An.,  Let  Angcl.t  1,  Calif. 
Pl.ase  mail  new  20-page  cataiag  N».  431  to: 


t ** 


FOR  YOUR  COPY  OF  THE  NEW 

PEERLESS  TRANSFORMER  CATALOG 

Contains  latest  information  and  prices  on  the  complete 
line  of  Peerless  transformers,  windings  and  reactors. 


PEERLESS 

ELECTRICAL  PRODUCTS  CO. 


6920  McKinley  Ave 


nue,  Los  Angeles  1,  California 


ENGINEERS 

FOR  DESIGN  WORK  ON  RADIO 
RECEIVERS,  AUDIO  AMPLIFIERS, 
TELEVISION 


Men  with  substantial  experience  wanted,  preferably  those  hav- 
ing Degrees  in  Electrical  or  Communications  Engineering.  Wnte. 
giving  details  of  experience  and  salary  expected,  to: 

FREED  RADIO  CORPORATION 

Makers  of  the  Famous  Freed-Eisemann  Radio-Phonograph 


200  Hudson  Street 


NEW  YORK  13,  N.  Y. 


equals  a single  piece 
in  all  essential 
properties  . . . 

This  brass  Distributor  Shield  used  in 
army  tanks,  is  as  strong,  as  water-tight 
and  as  able  to  withstand  severe  stresses 
and  strains  as  a single  piece  of  metal . . . 
For  EASY-FLO,  the  low-temperature  sil- 
ver brazing  alloy,  consistently  makes 
joints  equal  to  solid  metal  in  all  essential 
properties— and  does  it  fast  and  at  low 
cost  . . . That's  why  today,  EASY-FLO 
brazed  construction  is  an  accepted  and 
widely  used  production  method  — and 
why  hundreds  of  parts  formerly  cast, 
forged,  machined  from  the  solid, 
threaded,  riveted  and  bolted  have  been 
redesigned  to  get  the  savings  in  metal, 
man-hours  and  machine-hours  inherent 
in  EASY-FLO  brazed  construction. 


GET  EASY-FLO  FACTS -NOW 

and  learn  how  easy  it  is  to  put  EASY- 
FLO  brazing  to  work  speeding  up  and 
cutting  costs  in  your  metal  joining. 

BULLETIN  12-A  gives  all 

details.  Write  for  a copy— 
" today. 


HANDY  X HARMAN 

87  FULTON  ST..  NEW  YORK  7.  N.  Y. 

> «wi«y  ».•>)*. !•<>.•  Camm  • C >..»•*..  Ill  . A,,.!,.  c., 
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coupling  to  generators  and  loads  I 
(receiving  and  transmitting  an-  | 
tennas)  is  included. 

Band-pass  filters  as  interstage 
coupling  networks,  both  theoreti- 
cally and  as  applied  to  pot  reson- 
ators, are  treated  in  some  detail. 
The  capacitance-coupled  band-pass 
filter  is  achieved  by  placing  the 
resonators  together  with  a common 
end-wall.  The  end-wall  is  pierced 
by  an  aperture  permitting  direct 
capacitance  coupling  between  the 
two  end-loading  discs  of  the  reson- 
ators. From  measurements  on  an 
enlarged  model,  data  is  given  in  the 
form  of  a graph  from  which  the 
coupling  capacitance  can  be  directly 
determined.  Inductive  coupling  be- 
tween the  band-pass  elements  is  ob- 
tained by  employing  as  the  common 
end-wall  the  short-circuiting  sec- 
tions of  the  resonators  and  provid- 
ing the  end-wall  with  apertures. 
Experimental  data  is  given  as  an 
aid  in  determining  the  inductive 
coupling.  This  form  of  coupled  res- 
onator construction  lends  itself  to 
a clean-cut  mechanical  layout  since 
the  tubes  can  be  mounted  between 
resonator  pairs. 

An  adjustable  magnetically  cou- 
pled resonator  pair  is  described  in 
which  a rotating  element  permits 
adjustment  of  the  coupling  aper- 
tures. Variations  of  resonators  em- 
ployed as  four-terminal  matching 
networks  are  briefly  discussed. 

The  remainder  of  the  book  is  de- 
voted to  a discussion  of  measure- 
ment apparatus  and  data  together 
with  a discussion  of  results.  Data 
are  given  on  Q measurement,  ca- 
pacitance and  inductively  coupled 
filters  and  including  some  informa- 
tion on  the  measurement  of  metal- 
lized resistors.  It  seems  quite  likely 
that  the  application  of  such  reso- 
nators to  the  precision  measure- 
ment of  resistance  and  of  the  di- 
* electric  properties  of  materials  in 
the  uhf  region  will  assume  consid- 
erable importance. 

Finally,  a two-stage  pentode  am- 
plifier utilizing  a band-pass  filter 
consisting  of  three  inductively  cou- 
pled resonator  sections  is  discussed 
in  detail.  Mechanical  design  is 
shown  and  performance  character- 
istics are  given  which  satisfactorily 
confirm  the  theoretical  treatment 
presented  in  the  text.  A bibliog- 
raphy of  both  American  and  con- 
tinental sources  covers  the  field. 

Written  entirely  from  the 
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AN  3155 

POWER 

RHEOSTAT 


AN  31 55-50 -SO  WATT 


AN  3155-25-25  WATT 


Totally  enclosed  in  accordance  with  Army-Navy  specifications  (AN-R-14A). 

Permanently  sealed  in  dust-proof,  corrosion-proof  metal  cases. 

Smooth  control,  rugged  and  thoroughly  dependable  under  the  most 
severe  service  conditions— shock,  vibration,  humidity,  heat,  cold,  and  alti- 
tude. 

Hardwick,  Hindle  is  proud  of  the  excellent  performance  of  these  power 
rheostats  on  thousands  of  planes  flying  in  every  theatre  of  war  under  all 
climatic  conditions.  And  they  will  prove  to  be  invaluable  in  innumerable 
post-war  applications. 

Let  us  send  you  technical  data  and  detailed  information  on  these  and 
many  other  rheostats  and  resistors  with  H-H  exclusive  features. 

Write  today  for  our  new  catalogue. 

©HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

SUBSIDIARY  OF 

THE  NATIONAL  LOCK  WASHER  COMPANY 

ESTABLISHED  1B86 

Newark  5,  N.  J.,  U.  S.  A. 
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Standard  Relays 

Many  jobs  can  be  done  easier  and 
better  with  Potter  & Brumfield  Standard 
Relays.  Built  in  a wide  range  of  simplified 
designs  and  sizes,  these  relays  give  you 
maximum  dependability,  longer  life  and 
precise  performance  under  most  exacting 
conditions  ...  at  lower  cost. 

Available  Standard  Types  include 
, Power — Shock  Proof — Plate  Circuit — 
Sensitive — Latch — Multiple  Leaf — 
Electrical  Reset  Latch  — Aircraft  and 
Telephone  types.  Complete  range  of 
coil  voltages,  either  AC  or  DC. 
Conveniently  mounted,  varied  contact 
arrangements.  IF  A STANDARD  RELAY 
WILL  DO  THE  JOB,  THAT’S  THE  ONE 
TO  BUY. 


Mfg.  Co..  Inc. 


105  NORTH  10th  ST.,  PRINCETON,  INDIANA 


Ask  for  catalog  giving  full 
specifications  on  oil  types 
of  Standard  Relays. 
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lumped-parameter  circuit  theory 
point  of  view,  the  material  in  the 
book  is  clearly  presented  and  it 
should  prove  of  interest  to  engi- 
neers designing  equipment  and  to 
those  engaged  in  measurements  in 
this  general  frequency  range.— 
H.H. 

• • • 


Television  Programming  and 
Production 

By  RICHARD  HUBBELL.  Pub- 
lished by  Murray  Hill  Publications, 
Inc.,  New  York,  1H5,  207  pages, 
fS.OO. 

Television  has  long  needed  an 
evaluated  summary  of  its  program- 
ming experiments.  Within  limits 
this  book  fills  that  need.  Unfor- 
tunately, the  title  promises  more 
than  the  text  gives.  It  deals  with 
production  methods  (excepting  re- 
mote pickups),  but  fails  to  dis- 
cuss types  of  programs,  a study 
important  because  successful  tele- 
vising of  some  subjects  will  require 
equipment  (and  studios)  not  yet 
designed. 

By  way  of  introduction  to  a the- 
ory of  video  technique,  television 
is  compared  with  allied  arts.  The 
notes  on  video  broadcasting  vs.  the 
theater  or  the  motion  picture  are 
a scrambled  rehash  of  social,  eco- 
nomic, and  artistic  aspects  of 
drama  and  film,  contributing  no 
new  conclusions  toward  the  devel- 
opment of  a television  art.  When 
discussing  radio  and  television, 
the  author  is  more  at  home.  Part 
Five:  “The  Audio”  is  likewise  pro- 
vocative. 

The  kernel  of  the  production 
recommended  is  an  appeal  for 
greater  camera  mobility  patterne 
after  current  motion  picture  equip- 
ment. “Since  television  can  not 
equal  the  tempo  of  film  cutting  hu 
can  exceed  the  mobility  of  the  mo- 
tion-picture camera,  it  seems  that 
a promising  field  of  development  is 
to  be  found  in  this  characteristic. 

The  reviewer  can  not  agree  w> 
this  basic  assumption.  Television 
can  match  the  rhythm  patterns  o 
film  technique  providing  improve- 
ments are  made  in  camera  design  . 
smaller  size,  less  weight,  greater 
sensitivity— so  that  greater  num- 
bers can  be  employed.  Greater 
camera  mobility  seems  to  he  an 
undesirable  path  for  television 
follow  because  it  would  increase 
the  complexity  of  production, 
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Drawn,  Cupped  and  Finishing,  etc.  Wire  ter- 
minals. Also  SMALL  STAMPINGS,  any  de- 
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Illustrations  and  engineering  data.  Submit  Spe- 
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Here  it  is  ..  . The 
New  5th  EDITION 


OF 


PRINCIPLES 
OF  RADIO 


By  KEITH  HENNEY 
Editor,  Electronics 


INCLUDES  NEW 
MATERIAL  ON: 

Wave  guides  • 
velocity  modula- 
tion tubes  • fra- 
quency  module 
tion,  Klystrons  • 
ultra-high  fraquancy 
techniquas  and  appa 
ratus  • measuring  In- 
struments • magnetic 
| circuits  • ADDITION- 
AL DATA  ON  Klrsch 
i h off’s  laws  • power 
factor  • filter  circuits  • 
differentiating  and  integrating  circuits  • 
pulses  • transients  • square  waves  • vol- 
tage and  currant  regulator  tubas  • filter 
design  for  power  supply  • tuning  indica- 
tors • horn  radiators  • quarter- and  half- 
wave transmission  lines  • magnetrons 
vacuum  tube  voltmeters  • cathode  ray 
i oscillographs. 


So  popular  has  this  book  become  that  it 
has  now  gone  into  its  FIFTH  EDITION. 
This  well-known  text  book  is  designed 
for  those  with  or  without  technical  train- 
ing in  radio  who  want  a working  knowl- 
edge of  the  basis  upon  which  radio 
communications  exist.  In  simple,  non- 
technical language,  "Henney"  starts 
with  the  fundamental  principles  of  elec- 
tricity, and  gradually  develops  the  sub- 
ject of  radio  practice.  Practical  applica- 
tions of  theories  are  simplified  by  the 
specific  examples,  experiments,  and  prob- 
lems, together  with  drawings,  diagrams 
and  photographs  of  actual  apparatus. 

1945  534  Pages  Illustrated  *3.50 

JOHN  WILEY  & SONS.  Inc. 

440  Foartt  *»•..  Naw  York  H.  N.  Y 


“ON  APPROVAL  COUPON 


JOHN  WILEY  4 SONS,  INC. 

4W  Fourth  Ayr..  Niw  Yor*  I*.  N.  Y. 
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physically  and  in  staff  require- 
ments, and  further  subdivide  the 
responsibilities  for  program  coor- 
dination which,  even  under  pres- 
ent techniques,  make  too  great  a 
margin  for  error. 

Readers  fresh  to  television  pro- 
duction will  find  much  information 
in  this  initial  study  of  the  sub- 
ject. It  will  be  interesting,  how- 
ever, to  receive  reports  from  other 
experimenters  in  this  field. — v.M.B. 


CERAMIC 
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Electrical  Drafting 

D.  Walter  Van  Gieson.  McGraw- 
Hill  Book  Co.,  New  York  18,  N.  Y., 
HO  pages,  $1.50. 

Knowledge  of  wiring  plans  and 
the  methods  of  their  development  is 
a valuable  asset  to  the  engineer  or 
draftsman  entering  the  electrical 
profession.  Yet  the  technique  of 
this  special  field  of  drafting  has  re- 
ceived slight  attention  in  the  con- 
ventional teaching  of  drafting.  To 
fill  this  void  and  to  acquaint  the 
student  with  the  procedure  fol- 
lowed in  the  preparation  of  wiring 
and  circuit  drawings,  the  author 
has  assembled  typical  examples  of 
electrical  installation  drawings 
which  are  used  in  many  fields. 

This  is  not  a book  dealing  with 
the  use  of  drafting  instruments; 
the  author  assumes  that  the  student 
has  had  previous  training  in  that 
manual  art.  This  pioneering  vol- 
ume explores  and  discusses,  through 
the  analysis  of  practical  problems, 
the  special  drafting  technique  used 
in  the  preparation  of  electric  cir- 
cuit diagrams  and  wiring  plans.  At 
first  glance,  because  of  the  short 
chapters,  it  might  appear  that  the 
treatment  is  too  brief.  But,  con- 
sidered from  the  standpoint  of  an 
overall  coverage  of  fundamentals 
and  practical  procedure,  the  text  is 
adequate  as  a basis  for  an  excellent 
course  in  the  subject. 

Much  theory  is  included  in  the 
presentation  of  the  several  divi- 
sions of  the  electrical  equipment 
and  installation  field.  Following  a 
discussion  of  symbols,  schematic 
sketches  and  finished  circuit  draw- 
ings, the  author  interprets  wiring 
diagrams  as  used  for  many  pur- 
poses. 

Circuit  and  wiring  plans  are  il- 
lustrated and  analyzed  for  lighting, 
railway  signals,  communication, 
radio,  television,  power  installa- 
tions, switchboards,  automobiles, 


| DC  means  SC  . . 
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pression of  inductive 
arcs.  By  proper  selection 
of  rectifier  size,  release 
timing  of  the  inductive 
mechanism  is  positively 
controlled  by  the  same 
unit  which  suppresses 
the  arc.  In  relay  applica- 
tions where  space  is  at  a 
premium,  the  high  volt- 
age characteristics  of  the 
Selenium  plate  once 
again  prove  DC  means 
SC  . . . Selenium  Control. 
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It’s  ‘Shtir'  to  complete  your  mer- 
chandising program  ...  to  com- 
plete your  Hales  xtriry  ...  to  help 
your  franchise  family  SEI.L!  It’x 
the  ONLY  versatile  Antenna  Mount 
now  available  whose  unique  con- 
struction enables  it  to  support 
standard  FM  und  Television  An- 
tennae anywhere  — anchoring 
‘SHUR-LY’  ON  ANY  ANCLE  ANY 
PLACE  on  any  house!  Available 
and  ready  now  for  a limited  num- 
ber of  manufacturers.  Complete 
your  aerial  kit  with  a SHUR  AN- 
TENNA MOUNT! 

W rite-W' ire-Phone  for  details. 


Do  you  measure  the  worth  of  elec- 
tronic equipment  by  a company's  ad- 
vertising program  only?  ...  Do  you 
accept  the  claims  of  "war  babies" 
who  speak  loudly  now?  . . . 

CHOOSE  sources  ol  supply  having  a 
background  ol  proven  performance — 
companies  founded  long  before  the  war. 
which  will  continue  to  serve  long  after 
the  war.  Such  firms  are  represented  in 
New  England  by  the  HENRY  P.  SEGEL 
CO.,  Field  Engineers  and  Manufacturers' 
Representatives,  now  in  their  21st  year 
of  serving  manufacturers,  distributors, 
schools  and  laboratories  in  New  England. 
By  every  standard  of  performance  and 
quality,  you  can  count  on  the  HENRY  P. 
SEGEL  CO.  and  lirms  they  represent  to 
deliver  the  best — in  components,  equip- 
ment and  service! 

HENRY  P.  SEGEL  COMPANY 

Radio  — Electronic  — Electrical 

Manufacturers'  Representatives 
Field  Engineers 
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profit  sharing  and  pension  plan. 
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CLAMPS 


Where  vibration  is  a problem, 
Birtcher  Locking  TUBE  CLAMPS  offer 
a foolproof,  practical  solution.  For 
ALL  types  of  tubes  and  similar  plug- 
in components. 

83  VARIATIONS 


OVER  TWO  MILLION  IN  USE 
Send  for  our  standard  catalog  and 
samples  of  corrosion-proof  Birtcher 


Tube  Clamps. 


ships,  aircraft,  traffic  signals,  ani- 
mated sign  lighting,  neon  and  flu- 
orescent lighting.  Included  also  are 
plans  for  locating  equipment  and 
conduit.  Eight  pages  of  useful  ta- 
bles and  data  are  appended. — J.K. 
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By  Henry  D.  James  and  Louis  E. 
Markle.  McGraw-Hill  Book  Co.,  New 
York  18,  N.  Y.,  821,  pages,  $8.50. 

This  is  a practical,  down-to-earth 
book  that  covers  the  entire  field  of 
electric-motor  control  for  technical 
students,  operating  engineers,  and 
users  of  controllers.  It  starts  off 
with  a basic  discussion  of  the  func- 
tion and  types  of  control  and  how 
to  make  and  read  controller  dia- 
grams, then  leads  into  detailed  dis- 
cussions of  various  methods  of  con- 
trol and  the  equipment  by  which 
this  control  is  achieved.  The  con- 
struction, performance,  operation 
and  maintenance  of  such  control 
devices  and  accessories  as  magnetic 
contactors,  electropneumatic  con- 
trollers, resistors,  manual  control- 
lers, overload  relays,  Regulex,  Ro- 
totrol,  and  Amplidyne  (consistently 
misspelled  as  Ampledyne  through- 
out the  book)  are  covered.  A sep- 
arate but  unfortunately  brief  chap- 
ter is  devoted  to  electronic  control 
of  motors. — K.S.P. 

• • • 

Automatic  Telephone 
Practice  v> 

HARRY  E.  Hershey.  Technical  Publi- 
cations, Whitewater,  Kansas.  Advance 
printing  of  Part  C — Circuit  Kinks — 
from  Fifth  Edition,  1945,  24  pages, 
$1.00. 

This  new  contribution  to  the 
literature  on  Strowger  automatic 
equipment  deals  with  the  elements 
used  and  their  arrangement  in 
searching  circuits.  It  describes 
fundamental  circuit  devices  that 
will  assist  the  novice  in  learning 
to  “read  circuits,”  and  provides  a 
reference  source  of  ideas  for  the 
experienced  circuit  designer. 

Each  of  the  numerous  circuit 
kinks  presented  covers  one  feature 
only.  About  forty  circuits  are  dis- 
cussed and  illustrated  with  dia- 
grammatic line  drawings.  They 
include:  Stepping  switch  circuits 

for  searching  for  absence  of 
ground,  battery  searching,  and 
searching  for  ground;  “all-relay” 
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! In  any  soldering  job  where  Glaser  prod- 
\y  nets  are  used  you  get  a positive  and 

permanent  bond.  Glaser  Solder  Products  -■ 

never  “Let  you  down.”  ... 

* Glaser  Solders  must  do  their  work  right  be- 

cause  they’re  made  .of  finest  Grade  A Virgin 
metals  under  expert  metallurgical  control. 
kSM1  Glaser  Solders  of  every  gauge  and  alloy,  with 

Glaser  Plastic  Rosin  Flux,  are  made  in  the  correct 
proportion  of  flux  core  to  suit  each  specific  use. 

IT  For  the  most  delicate  electrical  equipment,  Glaser 
Plastic  Rosin  Core  Solders  are  your  guarantee  of 
perfect  performance  under  severest  weather  and 
service  conditions. 

Glaser  Plastic  Bosln  Core  Solders  are  widely 
used  In  the  manufacture  of  flue  electronic  and 

T radio  equipment  for  the  Signal  Corps  and  other 

branches  of  the  military  service.  Silver  Biasing 
Wire  of  every  diameter  to  meet  all  U.  S.  Govt, 
specifications.  Sliver  Bracing  Flux.  Tinning  Com- 
pounds and  Fluxes  for  every  purpose. 

Cootolt  oar  Engineering  Department  os  yo *r  toiderlng 
and  flex  problems  wffboef  obligation. 
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dir  set  your  advertising  and  sales  promotional  efforts 
to  key  purchasing  power. 

In  view  of  present  day  difficulties  In  maintaining 
year  own  mailing  lists,  this  efficient  personalised 
service  Is  particularly  important  In  securing  U»  com- 
prehensive market  coverage  you  need  and  waul. 
Investigate  today. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 
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Tho  Library  compriies 
a selection  of  b o o k s 
culled  from  loading 
McGraw  - Hill  publica- 
tions In  the  radio 
field. 


especially  selected  by  rsdlo  specialists  of 
* McGraw-Hill  publications 

to  Qlve  most  complete,  dependable  cov- 
> erage  of  faots  needed  by  all  whose  fields 
are  grounded  on  radio  fundamentals 

) available  at  a special  price  and  terms 


Then  book*  cover  circuit  phenomena,  tube 
theory,  network*,  measurement*,  and  other 
subject* — give  specialised  treatment*  of  all 
field*  of  practical  design  and  application.  They 
are  books  of  recognlxed  position  In  the  litera- 
ture— book*  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a praotlcal  designer,  re- 
searcher or  engineer  In  any  field  baaed  on  radio, 
you  want  these  booke  for  the  help  they  give  In 
hundred*  of  problem*  throughout  the  whole 
field  of  radio  engineering. 

5 voIuris,  3559  pages.  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI- 
NEERING, 2nd  edition 
Hund’s  HIGH  FREQUENCY  MEASURE- 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  • EASY  TERMS 

Special  price  under  this  offer  less  than  coat 
of  book*  bought  separately.  In  tJ?.u 

have  the  privilege  of  paying  in  ®a*y  install- 
ment* beginning  with  $8.00  In  10  days  after 
receipt  of  books  and  $3.00  monthly  thereafter. 
Already  these  books  are  recognized  as  standard 
works  that  you  are  bound  to  require  sooner  or 
later  Take  advantage  of  these  convenient 
term*  to  add  them  to  your  library  now. 

FOR  10  DAYS’  EXAMINATION  SEND  THIS 

...........  ON- APPROVAL  COUPON ........... g 

i McGraw-Hill  B«ok  O..  330  W.  «cd  St.,  N.Y.C.  IS  | 
S Swd  me  Radio  Engineering  Library  for  10  day*’  ■ 

■ examination  on  approral.  In  10  days  ! 

S s 00 ^ plus  few  oenu  $3.^  monthly  ■ 

■ till  $34  Is  paid,  or  return  book*  postpaid.  (We 
pay  postage  on  orders  accompanied  by  remittance 
of  first  installment.) 
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NEW  DUAL-GUN 
CATHODE -RAY  TUBE 


FEATURING 


Separate  Guns 

(Non-magnetlc  tetrode  type) 

High  Intensity 
Hlah  and  Low  Frequency 
Independent  Traces  & Sweeps 
No  Inter-action  Between  Deflection  Plates 
Direct  Comparison 
(No  electronic  switch) 

Internal  Shield 
No  Cross-talk 
Rugged  Construction 


TOTE  TYPES 

3 Gun  5"  2 Gun  5"  2 Gun  3*' 

5CP  5CP  3FP 

5 IP  2AP 

Screens:  PI,  P2,  P4.  P5,  P7.  PI I. 

, A DUAL  CHANNEL  OSCILLO- 
SCOPES  and 

“ STANDARD  AND  TELEVISION 
TUEES 


lihrmflM  on  Rnqioit 


ELECTRONIC  TUBE 
CORPORATION 
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searching  and  distributor  circuits; 
3-wire  and  2-wire  driving  circuits 
in  which  the  driven  switches  are 
actuated  by  pulses  set  up  by  low- 
speed,  medium-speed,  and  high- 
speed impulse  generators.  Other 
kinks  described  are  circuits  for 
obtaining  an  operating  delay,  a re- 
lease time  delay,  the  restoration 
or  regeneration  of  attenuated 
pulse  signals,  a counting  and  total- 
izing system,  and  “circuit  failure” 
and  “come  clear”  signals. 

The  construction  and  operation 
of  three  classes  of  stepping 
switches  are  described:  Single- 

motion switches — around  Rnd  re- 
turn; single-motion  switches — uni- 
directional rotary;  and  two-motion 
switches — up,  around  and  return. 
— J.K. 

• • • 

Music  and  Sound  Systems 
in  Industry 

By  Barbara  Elna  Benson.  McGraw- 
Hill  Book  Co.,  New  York  18,  N.  Y., 
121,  pages,  $1.50. 

The  use  of  music  as  a morale- 
building instrument  in  industrial 
plants  to  cushion  the  slumps  in  ef- 
ficiency of  workers  has  had  a tre- 
mendous spurt  during  the  war. 
This  book  is  a concise  treatment  of 
present-day  practices  with  respect 
to  the  use  of  music  in  industry.  It 
is  divided  into  five  chapters — The 
Organization  of  an  Industrial 
Broadcasting  System,  Program- 
ming Music  for  Industry,  Broad- 
casting for  Industry,  Scientific  Re- 
search on  Music  in  Industry  and 
The  Evolution  of  Industrial  Broad- 
casting and  Conclusions.  There  is 
also  an  excellent  bibliography  on  the 
subject  and  a lengthy  list  of  record 
titles  with  indications  of  the  vari- 
ous times  during  the  day  for  which 
each  is  best  suited.  There  is  no  for- 
mal discussion  of  equipment  used 
as  such,  but  comments  scattered 
throughout  the  book  point  out  the 
advantages  and  limitations  of  dif- 
ferent kinds  of  systems. — k.s.p. 

A buoyant  cable  is  made  by  Ana- 
conda Wire  and  Cable  Co.  which  is 
carried  on  a reel  aft  of  a ship  and 
fed  out  like  a trolling  line.  As 
the  ship  travels  its  course,  the 
electrically  charged  cable  sets  up 
a magnetic  field  over  an  extensive 
area  and  submerged  mines  explode 
harmlessly. 


Professional 

Services 

Research  Production 

Design  Management 

Development  Sales 

Publications 

ASSOCIATED  ELECTRONICS 
CORPORATION  S 

Complete  Engineering  Service  far  ell  Induuriet 
RESEARCH  MANAGEMENT 

DEVELOPMENT  PRODUCTION 

DESIGN  PUBLICATIONS 

132  Auihui  Street,  Neto  York.  7,  N.  Y. 

251  Kearney  Street,  San  Francuco,  8,  Cel. 

MICHAEL  BOZOIAN 

Consulting  Service  In  Electronics 
Instrumentation  A Controls  Design— Develop- 
ment—Models  Literature  & Patent  Surveys 
Recommendations  For  New  Laboratories 
Telephone  SS2I 

702  Fifth  Stroet  Ann  Arbor,  Hick. 

STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL  ELECTRONICS 

Deelam — Dot  elopmen  t — Models 
Complete  Laboratory  and  Shop  Facilities 
6300-13 — 87th  Ave. 

Kenoeha,  Wl*.  Telephone  *-4*13 

ELECTRONIC  ENGINEERS 

Designers  and  Consultants 
Design  for  Manufacture — Radio  and  Electronic 
products  designed  to  your  specifications 
Engineering  models  I*roductlon  drawings 

Consulting— Radio  and  Electronic  Problems 
Complete  Development  and  Research  Laboratene* 
Branch  Office  Near  Chicago 
611  E.  Garfield  Ave.  Glendale.  CalMemia 

DON  FOSTER 

Engineering  Consultant 
Electrical  Specialist  In  Mechanical 

Analysis  Sound  and  Electronics  Dcvelopmad 

30  Bums  Ave.,  Wyoming  15.  Ohio 

PAUL  E.  GERST  4 CO. 

CONSULTING  ENGINEERS 
Specialist*  in  _ 

Electrical  Product  Dedirn 
El.  Machinery.  Apparatus  A AppUc*^! 

EL  Appliances,  Hi-Frequency  Apparatus 
Electronics,  Radio  Communication. 

205  W.  Wacker  Dr.  Chicago  6.  DL 

HODGSON  4 ASSOCIATES 

Pliyalra,  Mathematic.  Research.  Develop- 
ment P Patent  (onanltanta. 

Sails! action  narantced.  Submit  }oar  problem 
for  a preliminary  survey  without  cost. 

Box  874  Sherman  Oaks.  California 

JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 
Electrical  and  Mechanical  &glnecrtng_PTOl^ 
Instruments  and  Control  Devices  Eiecuw 

Specialists  In  Colorimetry,  SpectophotometO 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities  _ 

202  Darby  Road  A A Llansrcn,  r 

Phone  Hilltop  6910 
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METAL-COATING  PROCESS 

• FAST  AND  • FOR  HEAVIER 

ECONOMICAL  COATINGS 

REQUIRES  ONLY  RAPID  ELECTROLYTE— RAPID 
METAL  CLEANER— RAPID  APPLICATOR 

• Plating  currant  is  obtain  ad  from  dry 
calls,  storaga  battery.  or  any  convenient 
co  ursa  of  dir  ad  currant  at  3 to  8 V.,  or 
usa  Bapld  Plating  Rodifior  for  heavy 
work. 

• For  silYor  surfacing  bus  bar  conn  ac- 
tions, lugs,  switch  blades,  ate.  For  plat- 
ing or  touching  up  miscallanaous  sur- 
faces with  cadmium,  nickal,  sine,  copper 
and  gold.  Building  up  limitad  araas. 
Hard  surfacing  wtih  nickaL  Usad  in 
shop  or  field.  Spacial  applicators  da- 
signed  to  spaad  up  production  line  Jobs. 

Our  laboratory  Is  glad  to  cooperate. 

No  obligation 

Rapid  Electraplatisg  Pracess,  lac. 

1414  S.  Wabash  Ava..  Chicago  5,  III. 
*21  Qraybar  Bld«.  237  Rialto  lid*. 

Nsw  Tort,  N.  Y.  Saa  Francisco,  Calif. 


ALDEN 

FUSEHOLDER 


Illinois 

CONDENSER  COMPANY 

1160  N.  HOWE  ST.  • CHICAGO  10,  ILL 
Manufacturer s of  Oil,  Paper 
and  electrolytic  Capacitors 


Here  is  a patented  fuse- 
holder  that  uses  the  machines 
and  tools  in  your  assembly 
line.  It  eyelets  or  rivets  in 
place,  has  spring  to  eject 
burned  out  fuse,  prevent 
rattle,  and  open  side  contact 
for  easy  removal  of  fuse  ends 
when  glass  breaks. 


ALDEN  PRODUCTS  COMPANY 

•ROCKTON  44E,  MASS. 


RESISTANCE 

WIRE 

alloys  for  every  purpose 

"A" — Nickel  - chromium;  non- 
magnetic; spec,  resistance  650 

✓ ohms/CMF. 

' "C" — High  resistance  to 

oxidation  end  corrosion;  for  electron- 
ics and  industrial  equipment. 

"D"  — Nominally  30%  nickel, 

•5/0  chromium,  balance  iron.  Speci- 
fic resistance  600  ohms/CMF. 

ALLOY  M45»- Copper-  nickel  for 

x winding  precision  resistors.  Constant 

✓ resistance  over  wide  range  of  temp- 

eratures. 

— Now  we  will 

plaased  to  supply  date  for  your 
Post-war  requirements. 

JkeC.O.  JELUFFmfg.corp. 

* r»R«at  Id.  Saafhporf,  Conn. 
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Capacitors 


STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.  BOX  596 

BRANCHES  

BOSTON  • DETROIT  • INDIANAPOLIS*  CHICAGO  • ST.  LOUIS' SAN  FRANCISCO 
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NO,  . . . 

not  a speck  of  dust— 

but  actually  an 


Socket,  Self  Locking  Set  Screw 

with  Knurled  Point 


Pat'd.  & Pat*.  Pend. 

Incredibly  small,  but  haring  all  the  outstanding  features  of  thoir  more 
gI2iW£',UPa  co“n,*rJ>arta.  ,h#**  "Unbrako"  Socket  Sat  Screws  ora 
araUabla  f°*  **•  rl«id  requirements  of  the  electrical  manufacturing 
industry.  They  combine  accuracy,  hardness,  and  strength  while 
the  knurling  of  the  point  makes  the  "Unbrako"  a Self-Locker— that  is. 
it  won  t be  loosened  by  ribration,  because  the  knurls  dig  in  and 
hold  fast. 

The  hex  socket  permits  application  in  close  quarters. 

Sises  from  #0  to  1"  in  diameter;  all  commercial  lengths. 

Write  for  the  catalog  of  "Unbrako"  Socket  Screw  Products. 


OVER  40  YEARS  IN  BUSINESS 


i in  : ::ii;i:n!!i'iiMimmi!irnmmniiiiii!iim»niiiinnuiiii? 


1% 


Length  A to  B:  1 %" 

New  NEON  Assembly  With  Plastic  Dome 


The  clear,  colorless,  plastic  dome  . . . 
a feature  of  the  new  Drake  No.  51N 
permits  the  Neon  glow  to  be  observed 
from  all  angles.  ThiB  new  assembly  ac- 
commodates the  NE51  Neon  glow  lamp 
which  gives  long- 
er life,  ( 3,000  hrs.) 

C”V  low  power  con* 

sumption  (1/25 

tion.  A built-in 


resistor  permits  direct  connection  to 
115  volt  circuits.  Furnished  with  three 
1/16"  thick  fibre  spacing  washers 
which  are  removable  when  unit  is 
mounted  in  thick  panels  thus  keeping 
Neon  glow  at  top  of  dome.  The  new 
No.  51N  is  only  one  of  many  fine 
Drake  Socket  and  Jewel  Light  Assem- 
blies; many  incorporating  patented 
features  developed  by  our  research 
staff.  Do  you  have  an  up-to-date  Drake 
catalog? 


SOCKET  AND  JEWEL  LIGHT  ASSEMBLIES 


Electricity  —ANYWHERE 


★ ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electric  service 
for  •lectronics  applications  as  well  as  for  scores 
of  general  uses. 


Driven  by  Onan-built.  4-cycle  gasoline  engines, 
those  power  units  are  of  single-unit,  compact  de- 
sign and  sturdy  construction.  Suitable  for  mobile, 
stationary  or  emergency  service. 


Model  shown  Is  from 
W2C  series,  2 and 
3 -KW,  60-cycle,  IIS 
Yolt;  powered  by  wa- 
ter-cooled, 2-cylinder 
engine 


"Models  range  from  350  to 
35.000  watts.  A.C.  types  from 
115  to  660  volts;  50,  60,  180 
cycles,  single  or  three-phase  ; 
400,500.  and  800  cycle,  single 
phase;  also  special  frequencies. 

D.  C.  types  range  from  6 to 
4000  volts. 

Dual  voltage  types  available. 
Write  for  engineering 
assistance  or  detailed 
literature". 


D.  W.  ONAN  & SONS  ™l  Minneapolis  5,  Minn. 


Backtalk  f 

This  department  is  oper- 
ated as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or  , 

comment  upon  articles 
which  ELECTRONICS 
has  published. 

Signal  Level 

Gentlemen : 

Mr.  Charles  E.  Gardiner,  in  the 

Backtalk  department  of  the  June 

issue  of  Electronics,  suggests  the 

, , 1 v j 30  db  t „ 

symbols  and  — 

represent  100  db  below  1 volt  and 
30  db  above  1 watt.  Without  any 
explanation  of  symbolism,  the 
usual  practice  is  that  the  numerator 
be  read  first,  which  would  make  the 
former  appear  to  be  1 volt  above  )j 
100  db.  I would  suggest,  instead, 

100  db\l  v and  30  db/1  w—  in 
other  words,  \ for  “below”  and  /for  - 
“above.”  No  hardship  on  Mergen- 

thaler,  either.  > 

B.  Haba  I 

New  York,  V.  Y. 

• • • 

Pickup  Terminology 

Gentlemen : 

The  object  of  this  letter  is  to  call 
your  attention  to  an  error  in  your 
June  1946  issue,  page  108,  Moving- 
Coil  Pickup  Design. 

Whether  a moving  conductor  cuts 
the  flux  lines,  or  the  flux  lines  cut 
a stationary  conductor  is  of  no  con- 
sequence, so  long  as  the  final  results  :; 
are  what  is  desired.  It  is  specifically 
the  writer’s  wish  not  to  go  into  any 
discussion  of  the  merits  or  demerits 
of  the  general  structure  of  the  de-  ' 
vice  in  question.  However,  as  de- 
scribed, the  device  is  actually  a 1 
“moving  inductor”  type,  and  the 
voltage  generated  in  the  coil  is  due 
to  variation  in  reluctance  between  j 
the  magnet  poles  and  the  vibrating  I 
steel  tube — or  armature. 

As  a matter  of  fact,  the  vibrat- 
ing mass  would  be  much  lower  an 
the  results  better,  if  the  coil  were 
stationary  and  not  carried  by  >® 
moving  steel  tube.  To  the  writer,  i 
appears  that  originally,  the  coil  was 
wound  on  an  aluminum  tube,  >n 
which  case  the  reluctance  in  e 
gap  was  fixed  and  in  that  case,  e j 
vibrating  coil  would  cut  the  flux. 
However,  because  the  resultant  ou 
(Continued  on  page  424) 
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0 SEARCHLIGHT  SECTION  ® 


YOUR  NEXT  JOB 

when  your  war  work  is  completed, 
may  wisely  be  chosen  with  a con- 
cern having  a starred  Army-Navy 
E,  an  AAAI  credit  rating,  and  94 
years  of  steady  progress  in  its 
field.  Physicists,  mechanical  or 
electrical  engineers,  preferably 
with  some  experience  in  small 
mechanisms,  are  needed  for  re- 
search, design,  or  test  programs  at 
our  Rochester  plant.  Living  condi- 
tions are  good.  Applications  will 
be  held  confidential,  but  WMC 
regulations  will  be  observed.  Apply 
by  letter,  giving  details  of  your 
education,  experience,  and  present 
status,  to 

Diroctor  of  Research 

Taylor  Instrument  Companies 

j Bo*  NO,  Rochester  I,  N.  Y. 

WANTED 

Research  Design  and 
Development  Engineers 

For  large  capacitor  plant  loca- 
ted in  Southeastern  Massa- 
chusetts. 

Post-War  opportunities  for 
qualified  engineers. 

Write  letter  giving  full  details 
of  experience,  training,  and 
! salary  expected. 

Applicants  will  be  hired  in 
:.t  accordance  with  the  Area 

1 Stabilisation  Plan. 

M P-802,  Electronics 

*J0  Went  42nd  St.,  New  York  18,  N.  Y. 


RADIO  ENGINEER 

* Several  yean  experience  on  radio 
receivers  and  associated  equip- 
ment desirable. 

9 ' r,c  u ' t development  and  me- 
chanical design. 

Knowledge  of  production  test 
procedure  and  test  equipment. 

Opportunity  in  new  division  in 
established  firm. 

Post  war  future. 


PREMIER  cryst> 
LABORATORIES,  II 

43  FAM  KOW  N 


tLtCTR°NICS — Soptombor  IMS 


TECHNICAL 
HELP  WANTED 

ENGINEERS 

Electronic  - Mechanical 

LABORATORY  ASSISTANTS 

Electronic  Experience 

MALI  or  FEMALE 

DRAFTSMEN 
SPECIFICATION  WRITERS 


CHEMIST 

Fluorescent  Experience 

PATENT  ENGINEER 


ALIEN  S.  DU  MONT  LABORATOMfS,  INC. 
PASSAIC,  N.  J. 


HELP  WANTED 

TRANSFORMER  & 
SMALL  ELECTRIC 
MOTOR  MEN 


engineers 

DESIGNERS 
DRAFTSMEN 
& Patent  Draftsmen 
TECHNICIANS 


For  war  time  and  poet-war  design 
and  development  of  Intricate,  special- 
ised, hermetically  sealed  transformers, 
and  special  purpose  fractional  h.p. 


Write  giving  details  about  age,  ex- 
perience, past  salaries  to 

SPERRY 

OYXOSCON  COMPANY.  INC. 
amort*  tubnrofnrtoi 
Stow  or*  An.  * CRatoa  M. 
Sordoa  City.  Now  Tor* 


EXECUTIVE 

Manufacturing  corporation,  international 
in  scope,  with  a sales  volume  of  approxi- 
mately 40  million  dollars  a year,  in  radio, 
electrical  business,  can  use  the  services 
of  a top  ranking  executive  officer,  pre- 
ferably a man  under  40  with  manufac- 
turing and  general  executive  experience. 

This  is  a fast  growing  young  organiza- 
tion and  can  offer  unparalleled  oppor- 
tunity to  the  right  man,  with  a salary 
commensurate  with  his  ability. 

P-889,  Electronics 

830  West  42nd  8t..  New  York  18.  N.  Y. 


Permanent  Employment 
Executive  Engineer 

Leading  eaetem  manulacturor  of  elec- 
tronic equipment  require!  graduate 
E.  E.  with  prelect  engineering  expe- 
rience to  be  responsible  lor  administra- 
tion of  all  engineering  and  research. 
Immediate  and  post-war  opportunity. 

P-871,  Electronics 

330  West  42nd  St.,  New  York  18,  N.  Y. 


REPAIR  MEN  WANTED 

With  some  knowledge  of  Radio, 
Motors  or  Electro-Medical  Equipment, 
to  learn  how  to  service  such  Apparatus. 
Oldest  est.  mfr.  Jobs  will  lead  to  im- 
portant sales  or  service  positions  in 
Chicago  or  other  cities.  Good  starting 
pay.  Thorough  instruction. 

Mdetesh  Electrical  Cerperetioe 

223-233  N.  California  Avenue 
Chicago  12,  Illinois 


WANTED 

Acoustical  Engineer 

Preferably  with  E.E.  Degree  to  work  In 
the  Held  ol  microphones,  phonon.  and  su- 
personic!. Our  employee!  know  ol  Oils  ad. 
P-908,  Electronics 

620  North  Michigan  Ave.,  Chicago  11. !»•_ 


ElicTROMC  ENGINEER 

A>  reMWOb  end  dsilgn  engineer  with  vneuooi  tobe 
hirinonld  ceetnanr.  Mtut  be  jrsduete  E.E.  Soon 

•lectranlo  end  noourtlcsl  •rpwt.no.  dflilrBd  Un- 
uiunl  opportunity  to  proorje.  with 
nin  v Com  Dentation  tecondary  to  provable  ablllpr. 
Permanent  position.  Desert  ba  odMMtloin  exp wlenoa, 
aptitude*  and  aae.  State  salary  desired.  Apply  In 
complete  confidence.^ 

530  West  42nd  St.,  New  Ypri^le^ «... 


Wanted  _ 

RADIO  DESIGN  ENGINEERS 
ELECTRICAL  & MECHANICAL 

e n _ _ f 


St 


Experienced  in  receiver  design 

" FM  4 Television  exp.  Desired  but  not  essential 
Good  opportunity  lor  future  on  War  & Port-Wor  d.r.lopmnnt 


Radio 
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A LIST  of  the  important,  BIG  users  of  Stronghold  Fasteners 
reads  like  the  "WHO'S  WHO"  of  American  Industry;  but 
in  addition  there  are  many  hundreds  of  comparatively  small 
users  who  also  depend  upon  Stronghold.  All  of  them,  big  and 
little,  have  found  Stronghold  a DEPENDABLE  SOURCE  OF  SUP- 
PLY— both  as  to  quality  of  product  and  quality  of  service.  May 
we  quote  on  your  own  requirements? 

Os®  eex-scRo 

A SLEEK  new  multi-use  multi-drive  Stronghold  improvement 
upon  the  ordinary  machine  screw.  It  has  so  many  me- 
chanical and  use  advantages  that  we've  prepared  a special 
folder  to  give  you  all  the  facts  about  it.  May  we  send  you  a 
copy? — and  samples? 

MANUFACTURERS  SCREW  PRODUCTS 

270  W.  Hubbard  St.  Chicago  10.  111. 

It's  Faster  to  Telephone  — Call  WHITEHALL  4680 


put  this  RELAY 


to  work  with 
electronic  tubes 

• However,  mercury-plunger  relays  by  H-B 
Instrument  are  not  limited  to  tube  apptfca- 
tions  but  may  be  used  for  practically  any 
timing,  load  or  control  circuit.  They  are 
available  for  a-c  up  to  440  volts  and  for  d-c 
up  to  250  volts,  with  contact  capacities  as 
high  as  30  amperes.  All  have  hermetically 
sealed  mercury-to-mercury  contacts  which 
are  positive,  chatterless  and  noiseless,  with 
no  exposed  arc.  Unique  crown-shaped  wire 
guide  holds  plunger  straight  and  friction- 
free.  A faster,  cleaner  break  results.  Service 
life  is  prolonged.  Get  quotation  on  your 
requirements.  H-B  Instrument  Company, 
2524  No.  Broad  St.,  Philadelphia  32,  Pa. 
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( Continued  from  page  416)  ‘ 

put  was  much  too  low,  the  steel 
tube  was  then  added.  This,  of 
course,  increased  the  output  as  a 
result  of  variation  of  the  reluctance 
in  the  gap. 

N.  Payne 

New  York,  .V.  I\ 

Dear  Mr.  Payne : > 

I can  easily  understand  how  you 
might  get  the  impression  of  a mov- 
ing inductor  after  reading  the 
article.  The  coil  wound  on  the 
sleeve  rocks  through  a very  small 
angle  on  il3  own  center  so  that  any 
magneto-inductive  action  of  the 
sleeve  essentially  cancels  out. 

In  other  words,  if  it  were  possi- 
ble to  support  the  coil  in  its  present 
position  and  rock  the  stylus  and 
sleeve  only,  little  output  would  re- 
sult, as  the  top  half  of  the  sleeve 
would  approach  slightly  say,  the 
North  pole,  and  its  effect  of  chang- 
ing the  reluctance  of  the  gap  would 
be  nearly  cancelled  by  the  corre- 
sponding opposite  motion  of  the 
bottom  half  of  the  sleeve. 

The  only  real  reason  for  using 
the  sleeve  is  to  raise  the  flux  in  the 
gap  and  concentrate  the  flux  lines 
through  the  sides  of  the  coil.  Fur- 
ther, if  this  device  relied  upon  an 
armature  of  the  type  Mr.  Payne  has 
in  mind,  its  performance  would  de- 
pend upon  the  linearity  of  the  metal 
used.  In  this  case  the  sleeve  is  ac- 
tually saturated  at  all  times  and  the 
output  remains  as  that  of  a moving 
coil  except  for  the  considerable  in- 
crease in  efficiency  as  a result  of  the 
intensified  and  controlled  gap. 

T.  W.  Lindenbekg 
Fairchild  Oomera  d Inltrument  Corp 
Jamaica,  A.  >• 

« • • 

Radar  on  Iwo  Jima 


U.  8.  Army  men  place  sandbag*  around 
a truck  containing  plane-detection 
equipment  used  in  conjunction  with 
antiaircraft  guns  on  Iwo  Jima 
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■ . . that  is  how  one  electronic  heat 
generator  manufacturer  describes 
Amperex  tubes.  If  your  equipment  is 
r‘fiht.  Amperex  Special  Application 
Engineering  will  help  you  make  it  better.  De- 
pendable operation  is  assured,  replacements  mini- 
mized, and  greater  value  per  dollar  expended 
may  be  anticipated. 


RESERVE 
CAPACITY 

■ . . the  measure  of  tube  life  is 
in  the  reserve  capacity  of  the 
tube.  Because  of  novel  design, 
Amperex  high  frequency  tubes 
may  be  used  at  plate  voltages 
and  plate  power  inputs  suffi- 
ciently high  to  allow  power 
outputs  at  maximum  rated 
watts  per  tube. 


THE  AMPEREX  SPECIAL  APPLICATION 

ENGINEERING  DEPARTMENT 

. . . Amperex  Special  Application  Engineers  have 
nothing  to  sell.  Their  job  is  to  work  with  you  on  the 
development  of  new  equipment  or  the  improvement 
of  present  products.  Their  time  and  knowledge  is 
yours  for  the  asking,  without  charge  or  obligation. 


AMPEREX  TUBES. .. 

...  for  dielectric  heating  applications  are  avail- 
able in  25  different  types,  operating  with  remark- 
able efficiencies  at  frequencies  ranging  from  20 
to  120  megacycles.  Write  for  the  Amperex  catalog. 


Amperex  Type  23S-R  Transmitting  Tube.  Film- 
ment  voltage.  14S-153)  volts.  Filament  current. 
JV.U  amperes.  Amplification  /actor,  14.0.  Grid 
to  plate  transconductance  at  500  ma.,  6500 
micromhos.  Direct  interelectrode  capacitance: 
grid  to  plate,  9.0  mf ; grid  to  filament,  10.0 

V25  00ate  ‘°  U List 


Amperex  Type  889  Transmitting  Tube.  Fila- 
ment voltage.  11  volts.  Filament  current  125 
amperes  Amplification  factor.  21.  Direct  inter- 
electrode  capacitance:  grid  to  plate.  17  8 uuf  • 
grid  to  filament  19.5  uuf;  plate  to  filament. 
2.5  /inf.  List  price,  $175.03. 


Amperex  Type  889 -R  Transmitting  Tube.  Filament 
j°  U V0,lUm  F,lamrnt  torrent.  125  amperes. 
Amplification  factor,  21.  Direct  interelectrode  capac- 
, lance,  grid  to  plate  20.7  «,/ ; grid  to  filament. 
$325.00.  ' P a‘r  10  f ament’  25  wf-  List  price. 


toRPORBTion 

Holo  o„  ’ 

HOLD  ON  TO  THE  WAR  BONDS  YOU'  Uiue  „ c 

i YOU'  HAVE  — AND  KEEP  BUYING  MORE 


Digitized  by  LnOOQle 


electronics 


A Mc«C»HII.L 

’ a »U  ILon 


OCTOBER  « 1945 


*L^aVdVangi'ng'8AennV« Vr«  shown  ItVp^V/'liUnd'-'of  the Vircra'f;  carrier  U.  V.  s!  Bonington  (Navy  photo) 

RADAR  WARFARE  ••'. ;"v; 92 

The  technical  factors  behind  the  uses  of  the  electronic  device  contributing  most  to  victory 

FINGERTIP  CONTROL  FOR  FORMATION  FLYING,  by  D.  G.  Taylor  and  G.  Volkenant 98 

Newest  accessory  for  C-l  electronic  autopilot  permits  effortless  maneuvering  of  largest  bombers 

VHF  MULTIPLE-RELAY  TELEVISION  NETWORK,  by F.J.  Ringley . . ..... - - • • • v : : : 102 

Description  of  a chain  through  which  vidao  programs  originating  in  Washington  era  telecast  in  Philadelphia 

' THE  TECHNICAL  BASIS  OF  ATOMIC  EXPLOSIVES 109 

Production  and  use  of  uranium-235  and  plutonium 

CRACK  DETECTOR  FOR  PRODUCTION  TESTING,  by  John  H.  Jupe.-;- 114 

The  instrument  makes  use  of  skin  effect  to  determine  the  presence  and  depth  of  cracks  in  metals 

DESIGN  OF  STABLE  HETERODYNE  OSCILLATORS,  by  John  B.  Moore 116 

• Proper  design  of  the  variable  capacitor  minimizes  effect  of  temperature  changes  on  frequency 

AUTOMATIC  FADER,  by  Dcm  Hunter. . . ........  ■ • • ■ • • 119 

Complete  or  partial  fading  of  a program  is  accomplished  without  the  use  of  motors 

Z MICROWAVE  TECHNIQUES,  by  Frederic  A.  leaks 120 

Transmitter  and  receiver  designs  insuring  adequate  stability  are  discussed 

BRIDGE  NULL  INDICATOR,  by  E.  W.  Herold. 128 

Naw  circuit  provides  sensitivity  with  overload  protection  and  visual  indication  ot  output 

J COAXIAL  CABLE  TESTS,  by  Perry  H.  Wore. 130 

Production  testing  by  substitution  in  bridge  or  resonant  circuits 

INDUSTRIAL  TEST  EQUIPMENT  DESIGN,  by  Ted  Powell  135 

Why  circuit  analyzers  used  for  heavy  field-duty  fail,  and  how  to  avoid  it 

CRYSTAL-TUNED  F-M  RECEIVERS,  by  William  Maron  1JU 

Advantages  of  quartz  crystals  in  oscillator  stage  include  high  stability,  easy  alignment,  and  precise  tuning 

' GRAPHICAL  ANALYSIS  OF  COMPLEX  WAVES,  by  Lorry  S.  Cole.  ■ ■ ■ ■ ••••••  • • • • • • 14 

Arithmetic  combined  with  6,  8.  or  12  measurements  gives  aquation  end  amplitudes  of  harmonics  up  to  the  h 

REACTOR  MEASUREMENTS,  by  Howard  L.  Daniel*  16 

Circuit  for  measuring  electrical  parameters  of  iron-core  inductors 

TRANSMISSION  LINES  AS  TUNING  ELEMENTS,  by  H.  E.  Newell,  Jr 

Graphical  determination  of  line  length  end  shunting  capacitance  for  resonance 


NEW  BOOKS  

....  418 

91 

TUBES  AT  WORK  

BACKTALK  

....  432 

ISO 

ISA 

NEWS  OF  THE  INDUSTRY  . . . 
NEW  PRODUCTS  

...  31B 
...380 

INDEX  TO  ADVERTISERS 

....  443 

HEN*  IT,  Editor;  DONALD  0.  FINK,  e.ocutin  editor;  W.  W.  jEsfolimund^S^Montgom.ry, 

».«.  Associate  Editor;  Assistant  fditor.-Fr.nk  Hayloek,  Frank  Rockett,  J.  M.  Heron,  M.LMattey,  and  J.  6.  torolimun 

Washington  editor;  Harry  Phillip*,  Aft  Director 

MATEIR/putiisW;  J.  E.  Blackburn,  Jr„  Director  of  Circulation,  electronics;  Wallace  B.  Blood.  Monoj.r 

“NtlCT  MANAGERS.  D.  H.  Miller.  H.  R.  Denmead.  Jr.,  New  York;  R.  H.  Flynn,  tin*  £"»,0^'n£ 

C,  D.  Wardnar,  A.  F.  Tisch.r,  R.  A.  Warth,  Chicago;  E.  J.  Smith.  J.  L.  Phillip.,  o/avaiono 


! 


I S&i 


m 


BROADCAST  STATION  COMPONENTS 


• ••  VARICK  fTRICT 


£/  **.w  Y.OR’K  i*4  m;v. 

r.-! 

. - . 

9 ■ '*,»  ^ s.'s  k » *jft  ‘A-  v -/  v>  iV^  ‘ • 

;'C  »«S  — EteCTRONICS 


Digitized  by 


Googft 


ELECTRONICS  . ..KEITH  HENNEY.... Editor 


OCTOBER.  1945 


CROSS 

TALK 

f 


►DGF  ...  As  of  September  1,  Mr.  Donald  G.  Fink, 
a member  of  the  editorial  Staff  of  Electronics  since 
1934,  but  on  leave  of  absence  for  the  last  four  years, 
returns  to  the  staff  as  Executive  Editor.  A graduate 
of  MIT,  Mr.  Fink  spent  a year  in  graduate  study  before 
joining  Electronics.  While  Managing  Editor,  he  was 
‘loaned”  in  May  1941  to  the  Radiation  Laboratory 
shortly  after  its  formation  and  was  assigned  to  a 
group  working  under  Melville  Eastham  (General  Radio 
Company)  which  developed  the  Loran  system  of  long- 
range  navigation  which  now  covers  most  of  the  globe 
with  electronic  lines  of  position  for  the  navigation  of 
ships  and  aircraft.  The  Loran  transmitters  now  in 
world-wide  use  are  based  on  his  designs. 

During  his  work  at  the  Radiation  Laboratory  he 
wrote  the  first  radar  textbook,  “Microwave  Radar", 
for  use  of  the  laboratory  staff  and  military  personnel. 
Early  in  1943  he  was  appointed  head  of  the  Loran  divi- 
sion of  the  Laboratory  and  later  went  to  England  and 
to  Africa  to  initiate  the  installation  of  Loran  equip- 
ment for  the  guidance  of  bombers  over  Germany.  After 
the  conclusion  of  this  work  he  transferred  to  the 
office  of  Dr.  E.  L.  Bowles  in  Washington  where,  as 
Expert  Consultant  in  the  Office  of  the  Secretary  of 
War,  he  advised  the  Army  Air  Forces  concerning  the 
use  of  Loran  and  related  navigational  devices.  In  the 
winter  of  1943-44  he  traveled  the  Pacific  as  far  as 
Western  Australia  exploring  for  sites  for  the  Loran 
stations  in  that  part  of  the  world.  In  his  air  travels 
from  Darwin  to  Cairo  he  has  covered  some  75,000 
miles. 

With  Loran  well  under  way,  Mr.  Fink  was  assigned 
by  Dr.  Bowles  to  the  headquarter^  of  the  Ground 
forces  to  advise  on  the  use  of  radar  for  ground  force 
spplication,  particularly  gunfire  control  and  the  de- 
tection of  ground  targets  by  radar.  At  the  same  time 
be  was  appointed  a member  of  the  Committee  on  Air 
Navigation  and  Traffic  Control,  a group  of  civilian 
consultants  who  have  been  advising  General  Arnold  on 
the  long-term  uses  of  radar  and  communication  to  the 
^rmy  Air  Forces. 

Kr.  Fink  will  retain  his  membership  on  this  impor- 


tant committee.  As  Executive  Editor  he  will  share 
with  Keith  Henney  the  responsibility  for  the  editorial 
direction'  of  Electronics  and,  of  course,  will  maintain 
and  extend  his  acquaintance  with  the  industry.  At  the 
same  time  he  will  continue  to  serve  the  Government 
in  ways  which  his  four  years  “on  leave”  have  so  par- 
ticularly fitted  him. 


• PATENTS  ...  An  agenda  listing  the  topics  under 
tudy  by  President  Truman’s  committee  on  the  patent 
lystem  has  been  made  public  by  William  H.  Davis, 
Director  of  Economic  Stabilization,  and  chairman  of 
he  committee.  The  committee  set  up  by  Secretary 
Wallace  is  made  up  of  Mr.  Davis,  Tom  C.  Clark, 
attorney  General,  Dr.  Vannevar  Bush  of  OSRD  and 
3.  F.  Kettering,  Chairman  of  the  National  Patent 
Planning  Commission. 

The  subjects  for  consideration  by  the  committee 
fall  into  four  groups: 

1 What  action  should  be  taken  to  prevent  the 
issue  of  patents  that  are  not  for  true  inventions. 

2.  What  action  should  be  taken  to  make  patent 
protection  for  true  inventions  more  simple  and 

effective  • 

3.  What  action  should  be  taken  to  prevent  abuse 

of  patent  rights. 

4 A re-examination  of  the  scope  of  the  patent 
system  in  the  light  of  the  constitutional  objective 
to  promote  the  progress  of  science  and  useful  arts. 

In  making  public  the  agenda,  the  Committee  hopes 
that  interested  persons  will  express  their  views  on 
the  subjects  to  be  examined  and  that  these  persons 
will  communicate  their  views  to  the  Secretary  of 
Commerce. 

► RATS  . • • The  story  of  the  pied  piper  of  Hamlin, 
who  got  rid  of  rats  by  tootling  on  a flute,  seems  to  have 
a modern  counterpart  in  a Spokane  electronics  engi- 
neer. He  is  about  to  rid  the  county  courthouse  of 
pigeons  by  use  of  a supersonic  whistle  which,  though 
“four  times  too  high  to  be  detected  by  human  ears  is 
extremely  irritating  to  pigeons.” 
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FIG.  1 — The  radiator  oi  this  British  CH 
early  warning  station  is  oi  the  mat- 
tress-type,  supported  on  360-foot  steel 
towers.  Since  1938  these  ponderous 
stations  hare  guarded  the  English 
coast  against  Invading  aircraft 

IT  is  by  now  no  secret  to  the 
readers  of  Electronics  that 
radar  contributed  more  toward 
winning  the  war  than  any  other 
technical  device  of  recent  advent, 
save  only  the  atomic  bomb.  The 
head  of  our  largest  radar  labora- 
tory has  drawn  a nice  comparison 
in  saying:  “The  atomic  bomb  fin- 
ished the  war.  Radar  fought  it.”  1 
Nor  are  the  uses  of  radar  in  war- 
fare any  longer  a mystery;  the 
popular  press  has  seen  to  it  that 
everyone  who  can  read  knows  about 
radar  blind  bombing,  radar  gunfire 
control,  radar  warning  of  approach- 
ing aircraft.  To  this  great  story 
there  is  little,  in  broad  outline,  that 
the  editors  can  add. 

But  much  remains  to  be  added  in 
filling  in  the  essential  technical 
background.  With  the  lifting  of 
censorship  a steady  stream  of  such 
technical  material  will  now  be 
forthcoming  in  these  pages,  includ- 
ing discussion  of  basic  factors  un- 
derlying operation  and  design, 
descriptions  of  radar  gear,  and 
analysis  of  circuits  and  components 
in  the  light  of  future  applications. 
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Meanwhile  this  report  on  the  uses 
of  radar  in  war  is  presented. 

Radar  got  its  start,  both  here 
and  abroad,  as  a device  to  detect 
the  approach  of  enemy  aircraft 
The  first  radars  used  operationally 
were  the  CH  (chain  home)  stations 
along  the  English  channel  coast 
(see  Fig.  1),  which  went  into  regu- 
lar operation  in  1938.  These  low- 
frequency  (about  25  me)  units 
were  successful  in  detecting  enemy 
bombers  forming  over  airfields  in 
France  and  in  tracking  them  in 
over  the  coast.  Meanwhile,  fighters 
and  fighter-control  radar  stations 


were  alerted  to  meet  them.  Sim- 
ilarly, one  of  the  first  American 
radars  was  the  SCR-270,  operating 
on  approximately  110  me,  which 
detected  unidentified  aircraft  ap- 
proaching Pearl  Harbor  on  Decem- 
ber 7,  1941  at  a distance  of  132 
miles. 

As  the  war  progressed  the  need 
for  early  warning  continued  una- 
bated and  newer  equipments,  work- 
ing on  higher  frequencies,  were 
produced.  The  size  was  reduced  so 
that  the  entire  gear  could  be  car- 
ried by  men  storming  a beachhead 
(Fig.  2).  As  a result  of  wide- 
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fit*.  2 — British  LW  (light  warning)  radar,  similar  to  ths  American  SCR-602. 
It  serves  the  same  purpose  as  the  CH  staUon  but  is  man-portable.  Four  Yogi 
antennas  are  used,  each  consisting  oi  a reflector,  a folded  dipole,  and  four 
directors.  It  can  be  sot  up  and  operating  two  hours  aftor  arrival  at  the  site 
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spread  installation  of  this  warn- 
ing gear,  virtually  all  ships  and 
aircraft  which  approached  the 
shores  of  Great  Britain,  Africa  and 
the  Continent,  America  and  the  out- 
posts of  the  Pacific  war,  were 
tracked  by  radar. 

Technically,  the  problem  of  early 
warning  by  radar  resolves  itself 
into  certain  definite  requirements. 
First,  since  it  is  necessary  to  de- 
tect the  oncoming  aircraft  at  the 
greatest  possible  distance,  the 
power  of  the  transmitters  and  the 
sensitivity  of  the  receivers  must  be 
the  highest  obtainable.  By  high 
power  is  meant  not  only  high  peak 
power  in  the  transmitted  pulses, 
but  also  high  energy  in  each  pulse. 
This  is  achieved  by  using  pulses 
of  considerable  length,  as  long  as 
20  or  30  microseconds  in  some 
cases.  Such  long  pulses  have  the 
disadvantage  of  blocking  the  re- 
ceiving system  for  a correspond- 
ingly long  time,  so  that  very  nearby 
targets,  within  a few  miles,  are  not 
detectable.  But  since  the  purpose 
was  long-range  detection  this  was 
not  considered  an  objection. 

A second  requirement  for  early 
warning  by  radar  is  widespread 
coverage  of  the  area  from  which 
airplanes  might  come.  Such  cover- 
age is  obtained  either  by  use  of  a 
wide  beam,  moved  slowly  over 
the  suspected  area,  or  a narrow 
beam  moved  correspondingly  faster. 
Beams  as  wide  as  30  degrees  were 
used  at  first.  But  in  the  interest 
of  increasing  the  power  density 
within  the  beam,  narrower  beams, 
involving  higher  frequency  radia- 
tion, were  introduced. 

Finally,  and  most  important,  is 
the  requirement  of  complete  cov- 
wage,  without  gaps  through  which 
the  enemy  can  sneak  undetected. 
The  cause  of  such  gaps  is  the  pres- 
ence of  reflections  from  the  ground 
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FIG.  6 Radar  map  (lefl).  oi  Nantucket  Island  photographed  from  the  PPI 
indicator  of  an  airborne  radar.  The  bright  spot  at  the  center  indicates  the 
position  of  the  aircraft.  The  circle  is  a distance  calibration,  produced  by  the 
range  circuit  of  the  radar  to  indicate  the  distance  scale.  At  the  right,  for 
comparison,  is  a map  of  the  island 


or  the  surface  of  the  sea.  The  re- 
flected rays,  combining  with  the  di- 
rect rays,  produce  a many-lobed 
coverage  diagram,  the  gaps  in 
which  constituted  a serious  short- 
coming of  the  early  equipment. 
The  most  serious  gap  was  that 
existing  close  to  the  ground ; to 
take  advantage  of  this,  both  Ger- 
mans and  Japanese  soon  learned  to 
approach  less  than  100  feet  above 
the  terrain.  The  solution  was, 
again,  in  the  use  of  higher  fre- 
quencies and  narrower  beams.  The 
high  frequency  increases  the  num- 
ber of  lobes  and  so  narrows  the 
gaps  between  them.  Moreover,  the 
narrower  beams  of  the  high  fre- 
quency gear  reduce  the  amount  of 
signal  transmitted  toward  the 
ground,  so  the  effect  of  reflections 
was  cut  down  or  eliminated  en- 
tirely. 

The  detection  of  the  enemy  is  of 
little  value  unless  something  can 
be  done  about  it.  The  first  step 

is  to  collect  target  information 
from  a number  of  radar  stations 
which  report  into  a central  plot- 
ting room  (Fig.  3),  where  tracks 
of  all  targets  are  kept.  The  tele- 
phonic communication  required  for 


such  activities  is  complex,  and  it 
must  be  surefire.  The  same  func- 
tion is  carried  out  aboard  ship,  in 
the  Combat  Information  Center, 
a plotting  room  which  receives  tar- 
get data  from  all  radars  aboard 
and  even  from  radars  of  nearby 
fleet  units.  Even  PT  boats  (Fig. 
4),  carried  warning  radar. 

Since  the  best  way  to  attack  an 
airplane  is  to  go  after  it  in  another 


airplane,  it  was  natural  that  the 
next  extension  of  early  warning 
radar  should  be  control  of  fighters 
and  fighter-bombers.  The  tech- 
nique, developed  in  England  in 
1940-41,  is  known  as  GCI  (Ground 
Control  of  Interception)  and  AI 
(Airborne  Interception).  In  GCI, 
the  radar  operator  on  the  ground 
observes  echoes  from  the  enemy  air- 
craft and  the  opposing  fighter,  on 
the  same  indicator  screen.  Instruc- 
tions are  radioed  to  the  fighter  pilot 
to  indicate  the  height  and  direction 
of  the  enemy  aircraft.  As  the 
fighter  closes  in,  he  is  controlled 
until  he  reports  visual  contact  and  t 
begins  the  attack. 

GCI  aid  AI — Partners  of  Early  Warning 

This  technique  was  outstandingly 
successful  during  the  German  day- 
light attacks ; in  one  day  185  bomb- 
ers out  of  600  attacking  were 
destroyed,  largely  through  radar 
detection  of  enemy  planes  and  guid- 
ance of  our  pilots. 

Success  in  this  technique  re- 
quires fairly  accurate  knowledge  of 
the  height  of  both  defending  and 
attacking  aircraft,  information  not 
supplied  by  the  early-warning 
radars.  Several  height-finding 
methods  were  developed,  the  most 
elementary  depending  simply  on 
the  strength  of  the  radar  echo  ob- 
served at  a given  range  (that  is,  by 
a calibration  of  the  contour  of  the 
beam).  A more  elaborate  method 
used  a narrow  beam  radiator  which 
could  be  swung  upward  and  thus 
measured  the  elevation  angle,  as 
well  as  the  range,  of  the  target.  A 
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FIG.  7— Baden  shadow  picturn.  A»  a 
iiitndly  bomber  flow  underneath  cm 
airborne  radar.  It  intercepted  the  radar 
liqna]  and  thereby  cant  ltn  nhadow  on 
the  around 


| typical  GCI  station  (of  a type  used 
I largely  for  offensive  operations  late 
, j in  the  war)  is  shown  in  Fig.  5. 

When  the  Germans,  balked  dur- 
j ing  daylight,  switched  to  night 
i operations,  visual  contact  was  less 
easy  to  achieve.  So  GCI  was  sup- 
plemented by  airborne  radar  which 
would  permit  the  fighter  to  see  the 
enemy  aircraft  regardless  of  visi 
bflity  conditions.  Here  the  techni- 
cal obstacles  were  formidable.  Total 
equipment  weight  had  to  be  re- 
duced to  a few  hundred  pounds  at 
most,  and  the  radiator  size  was  so 
limited  that  a narrow  beam  (nec- 
! es8nry  for  precise  determination  of 
*,,i  the  enemy  aircraft’s  position) 
could  hardly  be  achieved  with  the 
low  frequencies  feasible  for  ground 
applications. 


The  need  for  better  AI  gear  gave 
powerful  impetus  to  the  develop- 
ment of  microwave  radar.  In  1940, 
a practical  source  of  high-power 
pulses  at  frequencies  of  the  order 
of  3000  me  was  developed  at  the 
University  of  Birmingham.  This 
was  the  cavity  magnetron,  the  de- 
tails of  which  are  still  under  wraps 
at  the  time  of  writing.  But  it  can  be 
said  that  this  device  is  one  of  the 
basic  inventions  of  the  radio  art, 
a®  improvement  in  principle  as  well 
as  in  degree  over  all  previous  forms 
sf  magnetron.  The  magnetron  was 
sought  to  America  in  August  of 
“at  year  and  copies  hastily  pro- 
ioted  by  the  Bell  Telephone  Lab- 
oratories. 

On  this  basic  item  was  founded 

e research  program  of  the  Radia- 


tion Laboratory  at  M.I.T.,  which 
has  since  been  the  principal  source 
of  microwave  radar  development. 
This  Laboratory,  now  so  well- 
known  to  the  electronics  industry, 
started  with  less  than  50  people 
and  grew  to  over  3800  by  the  end 
of  the  war.  Radiation  Laboratory 
solved  the  AI  problem  and  went  on 
to  other,  even  more  important  ap- 
plications of  microwaves. 

The  microwave  technique,  devel- 


vention  made  its  appearance.  This 
is  the  Plan  Position  Indicator 
(PPI)  which  makes  it  possible  to 
view  many  targets  simultaneously. 
In  the  PPI,  the  cathode  ray  spot 
starts  its  motion  from  the  center 
of  the  screen,  and  moves  outward 
at  constant  speed  in  the  radial  di- 
rection. The  direction  of  the  radial 
deflection  is  tied  in  with  the  direc- 
tion of  the  radiated  beam,  and  the 
distance  from  the  center  of  the 
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FIG.  8 — Tb«  ana  around  Vianna.  as  11  appears  on  ths  scops  of  a radar  bomb- 
sight  Extensive  training.  Including  comparison  with  mconnaisancs  photo- 
graphs. Is  nscessary  before  such  PPI  pictures  can  be  interpreted  with  sufllcten! 
accuracy  to  permit  blind  bombing  of  the  targets  indicated 


oped  to  solve  the  AI  problem, 
brought  with  it  the  need  for  all 
manner  of  r-f  components,  particu- 
larly r-f  mixers,  duplex  switching 
gear  (t-r  box),  r-f  plumbing  of 
every  possible  description,  rotating 
joints  in  waveguides  and  coaxial 
lines,  new  forms  of  radiators  and 
reflectors,  in  fact  a whole  new  art. 
The  success  of  the  effort  is  well 
known.  Basic  designs  of  microwave 
radar  for  the  Allies  originated  at 
Rad  Lab  and  were  put  into  produc- 
tion by  the  electronics  industry  of 
America  to  the  value  of  well  over 
two  billion  dollars.  As  of  July  1st, 
1945,  the  U.  S.  Army  and  Navy 
alone,  not  counting  supplies  to  the 
British,  had  accepted  delivery  of 
2.7  billion  dollars  worth  of  radar, 
most  of  it  microwave,  and  nearly 
half  of  it  for  airborne  use. 

During  the  development  of  the 
GCI  technique,  another  basic  in- 


tube is  proportional  to  the  time  in- 
terval between  transmission  of  each 
pulse  and  the  reception  of  the  echo. 
As  the  beam  rotates  the  phosphor 
retains  the  image  for  as  long  as 
several  minutes.  The  PPI  thus 
paints  a picture  on  the  cathode-ray 
screen  which  is  a plan  view  of  the 
territory  surrounding  the  radar. 
The  bias  of  the  cathode-ray  tube 
is  normally  set  so  that  the  beam 
is  dark.  Wien  an  echo  is  received 
from  a target,  the  spot  is  bright- 
ened momentarily.  This  light  rep- 
resents the  distance  and  direction 
of  the  target  relative  to  the  radar. 

pyi Navigation  and  lambing  by 

Tnrraln  Eehnat 

At  first  PPI  was  used  simply  to 
indicate  aircraft  targets.  But  it 
soon  became  evident  that  echoes 
from  the  features  of  the  surround- 
ing terrain  would  give  rise  to  a 
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FIG.  9 — Radar  rellaf  map.  obtained 
OTOr  mountainous  territory  in  the  Aus- 
trian Alps.  This  PPI  picture  (top)  shows 
bright  surfaces  on  the  near  side  of  the 
mountains,  dark  shadows  beyond.  The 
relief  map  below  proyides  a comparison 


radar  map,  which  could  serve  as 
a navigational  aid. 

Behind  the  PPI  picture  are  a 
number  of  interesting  technical  fac- 
tors. First  it  must  be  realized  that 
the  map  is  a true  representation 
of  the  earth’s  surface  only  when 
the  radar  is  situated  on  the  ground 
or  aboard  ship.  When  the  radar  is 
airborne,  the  distance  represented 
on  the  c-r  tube  is  the  so-called 
slant-range,  or  the  distance  from 
aircraft  to  target,  and  not  the  dis- 
tance along  the  surface  of  the 
earth.  This  distortion  can  be  com- 
pensated, of  course,  by  adjusting 
the  rate  of  radial  deflection  in  ac- 
cordance with  the  height  of  the 
aircraft.  The  detail  visible  in  a 
PPI  map  is  determined  by  the  size 
of  the  radar  beam  relative  to  the 
terrain  features.  In  Fig.  6,  the 
radar  beam  was  narrow  enough  to 
resolve  clearly  many  of  the  smaller 
features  (note  the  lake  at  the 
right-hand  edge  of  the  island). 

The  echoes  which  go  to  make  up 
a PPI  picture  are  in  themselves 
worthy  of  attention.  Radar  echoes 
arise  through  the  r-f  current  in- 
duced in  the  target  as  the  outgoing 
radar  signal  passes  over  it.  But  the 
reflection  of  signals  is  by  no  means 
limited  to  metallic  targets.  When 


the  target  is  non-conducting  a dis- 
placement current,  similar  to  that 
in  the  dielectric  of  a capacitor,  is 
induced  and  gives  rise  to  a re-radi- 
ated wave.  In  general,  the  echo  is 
produced  by  the  discontinuity  in 
the  electrical  properties  between 
the  target  and  its  surroundings, 
and  this  discontinuity  may  be  either 
in  the  electrical  conductivity  or  the 
dielectric  constant.  In  fact,  a dis- 
continuity in  magnetic  permeabil- 
ity is  equally  effective,  but  the  mag- 
netic property  is  usually  overshad- 
owed by  the  conductivity  effect. 

It  is  clear,  then,  how  non-conduct- 
ing sands  can  give  rise  to  echoes. 
But  it  is  not  so  clear  why  echoes 
from  land  should  be  stronger  (as 
their  relative  brightness  testifies) 


constant  of  the  material  in  it 
In  line  with  this  reasoning  the  \ 
PPI  picture  shown  in  Fig.  7 is  of 
particular  interest.  This  picture 
was  widely  misinterpreted  in  the 
daily  press  as  a radar  picture  of  a \ 
four-motored  bomber.  Actually  it 
is  the  radar  picture  of  the  shadow 
of  the  bomber  on  the  ground  be- 
neath. The  direct  echo  from  the 
aircraft  itself  shows  up  as  a bright 
spot  near  the  center  of  the  wing 
span.  The  aircraft  was  so  close  to 
the  radar  that  it  intercepted  a 
large  part  of  the  signal  and  thus 
cast  a shadow  of  itself  on  the  .. 
ground.  Outside  the  shadow,  echoea 
from  the  ground  formed  the  out- 
line shown.  Such  pictures  are 
freaks,  of  course;  this  one  was  not 


FIG.  10 — Tho  Nary's  type  SG  radar,  showing  (left  to  right)  A-scope,  relative 
azimuth  Indicator,  and  PPI-scope.  The  A-scope  resembles  an  ordinary  test 
oscUloscope,  Indicating  tho  relative  timing  oi  the  transmitted  pulse  and  the 
succeeding  echoes.  It  is  used  for  tuning  to  peak  efficiency  and  to  measure  ■ 

accurately  the  range  ot  particular  targets,  selected  from  the  PPI  at  the  right  | 


than  the  echoes  from  surrounding 
sea  water,  which  is  a better  conduc- 
tor. The  answer  is  found  in  the  fact 
that  the  surface  of  the  sea  is  much 
smoother,  electrically,  than  the  sur- 
face of  the  land,  and  hence  the  land 
reflections  are  scattered  backwards 
to  the  radar.  The  sea  reflections 
are  stronger,  but  in  form  they 
closely  approximate  the  specular  re- 
flection from  a mirror  and  hence 
glance  off  at  an  angle,  away  from 
the  radar.  The  contrast  displayed 
by  terrain  echoes  depends  primar- 
ily on  such  differences  in  the  scat- 
tering properties  of  the  reflecting 
surface,  and  only  secondarily  on  the 
relative  conductivity  or  dielectric 


understood  for  several  days  after  it  1 
was  first  photographed.  | 

Not  all  PPI  pictures  are  easy  to  * 
interpret.  An  important  applies-  -j 
tion,  radar  bombing,  requires  ex-  1 
tensive  experience  on  the  part  of 
the  operator.  An  example  of  the 
picture  presented  by  a radar  bomb- 
sight  is  shown  in  Fig.  8.  The  indi- 
vidual targets  are  discernible,  but 
only  when  you  know  what  to  look 
for.  The  radar  contrast  is  not  great 
between  a manufacturing  plant  as 
a target  on  the  one  hand  and  the 
nearby  buildings  and  countryside 

on  the  other.  To  aid  in  identifying 
targets,  reconnaisance  runs  were 
often  made  and  the  PPI  pictures 


It 
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photographed  for  comparison  with 
aerial  photographs  of  the  target 
area.  The  most  effective  use  of  the 
radar  bombsight  was  in  close  part- 
nership with  the  optical  (Norden) 
bombsight.  The  bombardier  oper- 
ated the  Norden  sight  in  the  con- 
ventional manner,  setting  in  his 
corrections  for  drift,  etc  in  accord- 
ance with  readings  given  by  the 
radar  operator.  Both  continued  to 
track  on  the  target,  and  the  final 
bomb  release  was  controlled  visually 
if  a break  in  the  clouds  permitted. 
Otherwise  the  bombs  were  dropped 
on  the  basis  of  radar  indications 
fed  into  the  Norden  computer. 

Still  another  type  of  PPI  picture 
is  the  radar  relief  map,  an  example 
of  which  is  shown  in  Fig.  9.  This 
is  a shadow  picture,  the  nearby 
sides  of  the  terrain  features  (in 
this  case  a mountain  range)  show- 
ing brightly  against  the  shadows  on 
the  far  side. 

The  PPI  picture  is  evidently  an 
excellent  device  for  navigation 
when  sharp  contrasts  are  available. 
Since  such  contrast  is  generally 
available  along  coastlines,  the  PPI 
is  especially  useful  for  the  naviga- 
tion of  surface  craft.  One  of  the 
most  widely  used  shipboard  radars 
is  shown  in  Fig.  10.  Three  indi- 
cators are  shown.  At  the  left  is  the 
type-A  indicator,  a c-r  tube  which 
displays  the  transmitted  echo  and 
the  echo  reflections  along  the  di- 


FIG. 12 — Mickey  Mouse,  or  SCR -547,  a unit  made  to  replace  the  visual  range 
Under  In  AA  gunfire.  This  10-cm  radar  can  measure  the  distance  to  aircraft 
at  a distance  of  20  miles  and  with  an  accuracy  of  25  yards 


rection  occupied  by  the  radiated 
beam  at  any  instant  during  its  ro- 
tation. Next  is  the  relative  azimuth 
indicator  which  shows  the  axis  of 
the  ship  (note  figure  at  center  of 
dial)  with  respect  to  true  north  or 
some  other  reference  direction.  At 
the  right  is  the  PPI  indicator  which 
shows  the  plan  view  of  all  radar 
echoes  within  range,  oriented 
against  the  axis  of  the  ship. 

•■■•re  Control 

To  determine  the  position  of  an 
airplane  or  ship  accurately  enough 
to  control  gunfire  is  a problem 
which  requires  for  solution  more 


FIG.  li  n 90.0^  ^ battery  protecting  the  invasion  coast  In  Southern 
"*“*■  fire-control  radar,  barely  visible  at  the  right  (radiator  painted 
far  security  reasons),  nfw  the  guns  automatically  with  the  aid  of  a com- 
Pater  which  introduces  the  necessary  lead.  This  combination  stopped  the 
buss-bomb  attacks  on  England 


than  the  use  of  high  frequencies 
and  narrow  beams.  In  addition,  it 
is  necessary  to  refine  the  accuracy 
of  the  angular  indications  by  using 
lobe  switching  (see  “The  SCR-268 
Radar,"  Electronics,  September 
1946)  or  its  close  relative,  conical 
scanning.  Pending  release  of  de- 
tails on  this  equipment,  it  may  only 
be  stated  that  such  methods  permit 
spotting  the  position  of  an  aircraft 
accurately  to  a few  hundredths  of  a 
degree  in  elevation  and  azimuth. 
Precise  timing  circuits  determine 
the  range  to  an  accuracy  of  a few 
tens  of  yards  in  range. 

Since  gunfire  at  high  speed  tar- 
gets must  be  computed  to  lead  the 
target,  the  radar  data  is  fed  into  a 
gun-control  computer  which  con- 
trols the  action  of  guns  automat- 
ically. Figure  11  shows  a 90-mm 
anti-aircraft  battery  controlled  by 
the  SCR-584  radar,  one  of  the  out- 
standing radar  sets  of  the  war.  An- 
other gunfire  control  radar  on 
which  technical  details  are  avail- 
able is  the  SCR-547,  shown  in  Fig. 
12.  This  device  possesses  separate 
antennas  for  transmitting  and  re- 
ceiving and  indicates  only  the 
range  to  the  target.  The  frequency 
used  is  in  the  microwave  region, 
roughly  2800  me  (wavelength  10.7 
centimeters).  The  radar  is  put  on 
the  target  optically  and  indicates 
the  distance  to  the  target  within 
25  yards,  which  is  equivalent  to 
timing  the  echo  to  an  accuracy  of 
0.16  microsecond.  Details  of  the 
circuits  which  accomplish  this  re- 
markable result  will  be  published  in 
an  early  issue. — d.g.F. 
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Fingertip  Control  FORC 


Installation  ol  formation  stick  in  B-17G  bomber.  Autopilot  release  switch  is 
clamped  on  a spoke  of  the  control  wheel,  IVi  inches  in  from  the  rim,  and  is 
pressed  in  case  of  autopilot  damage  by  enemy  fire,  to  restore  all  manual 
controls 


PILOT  fatigue  is  one  of  the  big 
problems  of  long-range  bomb- 
ing missions.  Maneuvering  a 70- 
ton  airplane  full  of  bombs  and  gas- 
oline for  long  hours,  holding  a tight 
formation  through  flak  and  fighter 
opposition,  and  still  being  alert  for 
every  move  of  the  flight  leader 
through  the  bombing  run  and  all 
the  way  home  again  . . . all  this 
often  left  pilots  with  barely  enough 
strength  to  crawl  out  of  their  seats 
at  the  end  of  a mission.  The 
Minneapolis-Honey  well  electronic 

automatic  pilot  was  used  for 
straight-and-level  flight,  but  for 
maneuvers  the  human  pilot  had  to 
operate  the  controls  manually.  Us- 
ually the  combined  efforts  of  both 
pilot  and  copilot  were  required  to 
keep  a plane  in  formation  when 
rough  weather  made  control  diffi- 
cult. 

The  answer  to  this  problem  has 
been  found  in  the  formation  stick, 
an  adjunct  to  the  automatic  pilot. 
It  provides  a means  for  rapidly 
maneuvering  the  largest  bomber 
with  very  little  pilot  effort.  Oper- 
ated in  a similar  manner  to  the 
joy-stick  on  small  aircraft,  this 


control  allows  the  pilot  (or  copilot) 
to  bank,  climb,  or  dive  his  plane 
by  merely  moving  the  formation 
stick  away  from  its  neutral  center 
position.  The  degree  of  bank  and 
turn  and  the  rate  of  climb  or  glide 
are  proportional  to  the  displace- 
ment of  the  stick  in  its  two  axes  of 
movement.  Since  it  automatically 
provides  coordinated  turns,  it  trans- 
forms the  airplane  into  a two-con- 
trol ship  which  won’t  spin. 

Pilot  Tries  Discarded  Model 

The  first  fingertip  control  was 
built  in  1943.  Since  our  planes  were 
not  yet  flying  wing-tip  to  wing- 
tip  as  they  were  later  forced  to  by 
enemy  fighter  tactics  and  since 
other  more  pressing  problems 
needed  solving,  the  project  was 
shelved  until  a strange  trick  of 
fate  brought  it  into  the  light  again. 
It  happened  this  way.  A young 
army  pilot,  visiting  Minneapolis, 
picked  up  the  discarded  first  model 
from  a corner  of  the  flight  research 
hangar  and  secretly  installed  it  on 
his  B-17.  He  later  flew  the  air- 
plane  into  combat  over  Germany, 
where  it  attracted  the  attention  of 


wi 


a senior  officer.  Army  Air  Force 
technicians  pressed  for  immediate 
production.  A short  time  later  (in 
the  fall  of  1944)  a redesigned  stick 
came  off  the  production  lines.  Since 
then  it  has  been  installed  on  Flying 
Fortresses,  Liberators,  and  B-29 
Super  Fortresses. 


W 


Relation  to  Autopilot 

The  principle  of  the  stick’s  opera- 
tion is  quite  simple.  As  explained  | 
in  Electronic  Autopilot  Circuits,  p. 
110,  Electronics,  Oct.  1944,  the  j 
autopilot  electrical  bridge  system  I 
is  made  up  of  three  channels — one  | 
each  for  aileron,  rudder,  and  eleva- 
tor control.  Without  the  formation  I , 
stick  each  of  these  channels  func- 
tions to  maintain  the  airplane  in  a j 
predetermined  attitude  by  operat- 
ing its  corresponding  control  sur-  I 
face.  The  only  way  for  the  pilot  to 
change  course  is  by  means  of  the  | 
turn  control  knob,  which  is  not  con- 
venient for  rapid  course  changes, 
and  in  addition  does  not  allow  con- 
trol of  the  elevator  surfaces. 

The  formation  stick  is  essentially 
two  potentiometers  mounted  at 
right  angles  to  each  other,  with 
provision  for  the  pickup  wiper  on 
each  potentiometer  to  be  driven  by 
movement  of  the  stick  in  a cor- 
responding direction.  These  poten- 
tiometers introduce  electrical  sig- 
nals into  the  autopilot  bridge  cir- 
cuits calling  for  control  surface 
movement.  When  the  stick  is 
moved  backward  or  forward,  a sig- 
nal in  the  elevator  channel  causes 
the  elevator  to  be  driven  so  that 
the  airplane  will  either  climb  or 
glide.  A side  movement  of  the 
stick,  on  the  other  hand,  produces 
a coordinated  turn  by  introducing 
signals  into  both  the  aileron  and 
rudder  channels,  plus  a measured 
up-elevator  response  to  hold  the 
ship’s  nose  up.  Therefore,  if  the 
electrical  system  is  properly  ad- 
justed beforehand,  it  would  be  im- 
possible for  the  operator  to  acci- 
dentally make  the  plane  slip  or 
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formation  flying 


Pistol-grip  formation  stick,  newest  accessory  for  C-l  electronic  autopilot,  permits  effort- 
less maneuvering  of  largest  bombers  during  wing-tip  to  wing-tip  flying  in  any  weather, 
and  provides  servo  boost  for  rapid  changes  in  course  or  altitude  during  combat  action 


By  D.  G.  TAYLOR  aad  GORDON  VOLKENANT 

Chief  Mechanical  Engineer  Coordinator,  Xeto  Product*  Rctearcl • 

MinneapoUs-Honeyicell  Regulator  Co.,  Minneapolis,  Minn. 


(skid  when  using  the  stick.  Of 
course,  climbing  or  gliding  turns 
can  be  obtained  with  diagonal 
. movements  of  the  stick; 


Finctioa  Selector  Switch 


i Two  formation  sticks  (one  each 
ifor  pilot  and  copilot)  are  installed 
in  the  airplane.  A special  switch 
called  the  function  selector  has  four 
positions  which  control  the  author- 
ity of  the  stick  as  follows : (1)  ON 
SERVO  BOOST  (gyros  off),  (2) 
OFF  (autopilot  knobs  now  maneu- 
ver the  plane),  (3)  ON  (gyros  con- 
tinue to  stabilize  the  plane),  and 
(4)  ON  ELEV.  ONLY.  The  switch 
j assembly  is  made  up  of  five  cam- 
| operated  switches,  with  the  cams 
1 mounted  on  a central  shaft.  These 
i switches  activate  relays  which 
are  used  to  make  the  actual  load 
circuit  changes. 

In  the  operational  procedure,  the 
f autopilot  master  switch  is  first 
turned  on,  and  a few  minutes  al- 
t : lowed  for  the  gyros  to  warm  up. 
i-  two  basic  sensing  units  for  the 
autopilot,  the  vertical  flight  gyro 
providing  stability  in  pitch  and 
-!  roll,  and  the  directional  stabilizer 
?yro  performing  the  function  its 
name  implies,  also  serve  the  forma- 
tion sticks. 


The  next  step  is  to  engage  the 
snrvos,  which  mechanically  drive 


*>e  airplane’s  control  surfaces  in 
response  to  power  signals  from  the 
• . ajtopilot  amplifier.  Assuming  that 
: I all  flight  adjustments  are  correct, 
I airp'ane  >8  then  being  flown  by 
; - 1 « autopilot  During  this  setting- 

' \ ^ Pr°cedure  the  function  selector 
been  at  OFF,  indicating  that 


•"*o  jji 

,i  recti 
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the  formation  sticks  were  inopera- 
tive. 

Circuit  for  OFF  Fosltlou 

A schematic  circuit  for  the  auto- 
pilot with  formation  sticks  is 
shown  in  Fig.  1.  In  the  lower  cen- 
ter the  internal  switches  of  the 
function  selector  are  shown  at  OFF 
position.  Note  that  the  center 
switch  grounds  the  aileron  and  rud- 
der channels  through  the  turn  con- 
trol, thus  giving  normal  autopilot 
operation.  The  elevator  channel  is 
grounded  through  a resistor  and 
the  center  tap  on  the  formation 
stick  elevator  potentiometer.  Since 
this  potentiometer  is  not  energized 
in  this  position  of  the  selector,  an 
accidental  movement  of  the  stick 


Automatic  unit*  controlled  by  tho 
lormation  itick  in  tho  C-l  electronic 
autopilot 


will  not  affect  autopilot  operation. 
(Because  the  current  flow  of  any 
signal  is  extremely  low,  resistances 
of  this  order  to  ground  have  a neg- 
ligible effect  on  the  electrical  char- 
acteristics of  the  autopilot  without 
formation  stick.  The  600-ohm  re- 
sistor is  used  to  reduce  elevator 
signals  when  the  formation  sticks 
are  energized.) 


Circuit  for  ON  Foiltlou 

When  the  function  selector  knob 
moved  to  ON  (position  3),  the 
■st  switch  energizes  the  stick  po- 
ntiometers,  the  second  makes  the 
CO  and  DAL  delay  switch  cir- 
lits  operative  (see  a following^ 
iragraph  for  explanation),  and 
,e  third  switch  removes  the  direct 
•ound  of  the  turn  control  so  that 
irmation  stick  signals  affect  the 
leron  and  rudder  channels.  The 
>urth  and  fifth  switches  have  no 
feet  in  this  position. 

Effect  of  Stick  Movement. 

With  the  formation  stick  circuit 
ms  energized,  note  that  the  pilot  s 
ick  is  the  effective  one.  However, 
transfer  switch  is  located  on  top 
f each  stick  which,  when  pressed, 
-ansfers  control  away  from  the  op- 
osite  stick.  If  the  copilot  s trac- 
er switch  is  pressed,  the  tran®fe* 
elay  solenoid  is  grounded,  pulling 
a the  contacts  necessary  to  give 
he  copilot  control  and  providing  a 
, old-in  ground  to  keep  the  solenoid 
nergized.  As  can  be  seen  in  the 
liagram,  the  pilot’s  switch  will  re- 
urn  control  to  him  even  if  the 
:opilot’s  switch  is  depressed,  since 
t effectively  grounds  the  circuit 
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When  the  pilot’s  stick  (or  co- 
pilot’s if  control  has  been  trans- 
ferred) is  moved  sideways,  a volt- 
age signal  from  the  banking  poten- 
tiometer is  introduced  into  the  turn 
control  bridge,  unbalancing  both 
the  aileron  and  rudder  channels.  A 
voltage  above  ground  is  produced  at 
the  grid  of  the  first  tube  of  the 
amplifier  in  each  of  these  channels, 
and  servo  movement  is  immediately 
started  through  the  amplifier-con- 
trolled  relays  (not  shown).  Suffi- 
cient servo  movement  will  be  pro- 
duced to  rebalance  the  aileron  and 
rudder  bridges  by  movement  of  the 
balance  potentiometers  on  the 
servos  (shown  as  part  of  the  auto- 
pilot bridges).  Then,  as  the  air- 
plane responds,  the  vertical  flight 
gyro  will  measure  the  angle  of  bank 
and  put  in  its  own  rebalancing  sig- 
nal, causing  the  servo  to  drive  the 
ailerons  back  to  streamline  posi- 
tion. 

When  the  stick  is  allowed  to  re- 
turn to  neutral  position,  the  op- 
posite action  takes  place  until  the 
airplane  is  again  leveled  and  all  cir- 
cuits balanced. 

Actio*  of  Dolay  Switch 

Whenever  the  stick  is  moved  off 
center,  a locking  switch  (shown 
near  the  lower  center  of  the  dia- 
gram) is  closed,  energizing  the  de- 
lay switch  and  heating  a piece  of 
resistance  wire  within  it.  As  this 
wire  is  heated,  it  expands  and  al- 
lows the  spring  to  close  the  ground- 
ing contact  for  the  locking  relay. 
(This  action  occurs  in  a fraction 
of  a second,  and  serves  no  function 
until  the  stick  is  again  centered). 
The  locking  relay  energizes  the  di- 
rectional arm  lock  (DAL)  and 
erecting  cut-out  (ECO)  circuits. 
The  DAL  locks  the  directional 
panel  of  the  autopilot  to  prevent 
a corrective  signal  being  introduced 
as  the  airplane  moves  off  its  estab- 
lished heading,  while  the  ECO  acts 
in  the  vertical  flight  gyro  to  pre- 
vent the  gyro  from  erecting  per- 
pendicular to  the  floor  of  the  air- 
plane during  the  bank. 

Elevator  Action 

After  the  stick  is  back  in  center 
position  the  delay  switch  described 
above  momentarily  maintains  a 
ground  for  the  locking  relay  until 
the  airplane  has  had  time  to  re- 
cover straight-and-level  flight. 


The  preceding  action  takes  place 
when  the  stick  is  moved  to  one  side 
or  the  other.  The  only  elevator 
action  is  a small  amount  of  up- 
elevator  provided  by  the  up-eleva- 
tor potentiometer  of  the  vertical 
flight  gyro  to  maintain  the  air- 
plane’s altitude  during  turns.  How- 
ever, if  the  stick  is  moved  forward 
or  backward,  either  without  side 
movement  or  while  a turn  is  being 
made,  the  down  or  up  elevator 
called  for  will  be  provided  by  servo 


Construction  oi  formation  stick 


movement.  The  signal  is  produced 
by  the  elevator  potentiometer  of 
the  formation  stick  and  is  sent  up 
through  the  elevator  input  channel 
to  the  amplifier,  where  it  causes  the 
amplifier  to  produce  servo  action. 
Balancing  and  return  to  level  flight 
take  place  in  a manner  similar  to 
the  action  in  the  aileron  channel. 
With  elevator  signals,  however, 
there  is  no  accompanying  action  of 
the  locking  relay. 

Circalt  for  ON  Sarvo  Boost 

Two  additional  positions  are  pro- 
vided for  special  flight  conditions. 
During  tight  formation  flying,  for 
example,  it  is  often  necessary  for 
the  pilot  to  make  rapid  changes  in 
course  or  altitude  in  order  to  main- 
tain his  proper  position  in  the  for- 
mation. There  might  also  be  emer- 
gencies when  banks  greater  than 
those  allowed  by  the  gyros  would 
be  necessary.  When  flying  manu- 
ally this  would  mean  extreme  and 
rapid  movement  of  the  controls. 
The  formation  stick  performs  this 
job  when  the  selector  switch  is 
turned  to  ON  SERVO  BOOST  (po- 


sition 1).  The  stick  then  controls 
the  individual  servo  units  directly, 
without  any  stabilization  or  balanc- 
ing out  by  the  gyros,  and  under 
this  condition  the  airplane  must  be 
flown  as  if  it  had  no  autopilot  and 
the  sticks  were  mechanically  con- 
nected to  the  control  cables. 

Looking  at  the  action  of  the 
function  selector  switches  for  this 
type  of  operation  (bottom  to  top), 
the  formation  stick  potentiometers 
are  still  energized.  The  ECO  is  not 
needed  and  therefore  not  energized 
since  no  gyro  balancing  is  used, 
and  the  DAL  circuit  is  controlled 
by  a different  switch  in  this  type  of 
operation.  Aileron  and  rudder  sig- 
nals reach  the  autopilot  channels 
only  through  a 500-ohm  resistor 
which  serves  to  reduce  them 
slightly.  Elevator  signals  reach  the 
autopilot  channel  through  a 600- 
ohm  resistor  (the  same  as  in  nor- 
mal stick  control)  and  the  fifth 
switch  performs  its  function  of  en- 
ergizing the  servo  relay  and  also 
the  DAL  so  that  it  is  constantly 
locked  during  ON  SERVO  BOOST 
operation. 

Direct  control  of  the  servos  with- 
out one  of  the  gyros  balancing  out 
the  formation  stick  signals  is  ob- 
tained by  operation  -of  the  servo 
relay,  which  shorts  out  a portion 
of  the  rudder  bridge  and  transfers 
the  aileron  and  elevator  bridges  to 
semi-fixed  trimming  potentiom- 
eters. Note  that  the  only  bal- 
ancing of  formation  stick  signals 
is  performed  by  the  servo  potentio- 
meters, and  that  the  signals  are 
then  sent  directly  to  the  amplifier 
tubes  through  trimming  or  center- 
ing potentiometers  on  two  of  the 
channels,  and  simply  shorted 
around  the  autopilot  rudder  poten- 
tiometer in  the  rudder  channel. 
These  adjusting  potentiometers 
(plus  a number  of  others)  are 
semipermanent  settings,  and  are  lo- 
cated in  the  junction  box  serving  all 
three  channels. 


Circalt  far  Elavatar  Only 

Switch  position  4,  ELEVATOR 
ONLY,  is  for  use  in  bombing.  In 
a high-altitude  bomb  run  it  is  es- 
sential that  a constant  altitude  be 
held  until  the  bombs  are  released. 
If  altitude  varies  during  the  run, 
the  mechanical  calculations  of  the 
bombsight  will  be  in  error  and  the 
bombs  will  miss  their  target.  With 


too 
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t the  standard  autopilot  in  use  it  was 
, necessary  for  the  pilot  to  adjust  a 
( small  knob  or  to  electrically  diseon- 
3 nect  the  elevator  control  and  manu- 
< ally  maintain  altitude.  In  addition, 
, stabilization  of  flight  in  the  pitch 
axis  of  the  airplane  (up  and  down) 
was  removed. 

With  the  stick  in  use,  ELEVA- 
TOR ONLY  position  allows  control 
of  this  channel  only,  without  in- 
terfering with  the  work  of  the 
bombardier  who  is  constantly  in- 
troducing corrections  into  the 
aileron  and  rudder  channels  by 
means  of  his  bombsight.  Also, 
every  stick  movement  is  automati- 
cally stabilized  by  the  gyro  of  the 
autopilot  so  as  to  maintain  accurate 
flight.  Small  deviations  due  to  air 
conditions  are  corrected  before  the 
pilot  may  be  aware  of  them. 

; In  the  ELEVATOR  ONLY  posi- 
* tion  the  potentiometers  are  still  en- 
ergized, the  DAL  and  ECO  circuits 
are  again  dead,  the  turn  control  is 
. grounded  to  eliminate  any  aileron 


or  rudder  signals  from  the  forma- 
tion stick,  and  the  fifth  switch  is 
inoperative.  The  fourth  switch  is 
now  active,  grounding  the  eleva- 
tor circuit  through  a 300-ohm  re- 
sistor so  that  only  a limited  amount 
of  elevator  control  is  available. 
This  gives  a more  cautious  reaction 
to  stick  movement  at  a time  when 
altitude  must  be  carefully  held. 

Goocral  Considerations 

As  a safety  precaution  for  the 
whole  system,  emergency  discon- 
nect switches  are  installed  on  each 
control  wheel.  In  case  of  an  auto- 
pilot malfunction,  such  as  might  oc- 
cur if  part  of  the  system  were 
destroyed  by  enemy  fire,  pushing 
either  button  will  immediately  dis- 
engage the  entire  autopilot  includ- 
ing the  formation  sticks. 

Several  auxiliary  functions  are 
designed  into  the  stick.  To  prevent 
abrupt  and  violent  attitude  changes 
and  to  give  the  pilot  a control  feel, 
a mechanical  brake  and  centering 


mechanism  are  installed  in  each 
axis  of  movement.  In  addition,  a 
trigger  switch  on  each  stick 
operates  the  microphone,  replacing 
a switch  used  on  the  control  wheel 
when  the  plane  is  being  flown  man- 
ually. The  addition  of  an  arm  rest 
on  the  complete  assembly  makes  it 
more  convenient  and  less  tiresome 
to  use. 

The  use  of  formation  sticks 
solves  the  control  problem  of  de- 
signers who  are  planning  huge 
postwar  transports  and  passenger 
planes,  since  a one-pound  pull  on 
the  stick  takes  the  place  of  a hun- 
dred-pound pull  that  might  be  nec- 
essary on  the  control  wheel.  En- 
thusiastic reports  on  its  wartime 
use  received  by  Air  Technical  Serv- 
ice Command  presage  a successful 
peacetime  future.  When  installed 
on  postwar  aircraft  where  auto- 
matic flight  control  is  a necessity, 
this  device  will  substantially  con- 
tribute to  the  simplification  of 
control  problems. 


FIQ.  1 — Schematic  circuit  diagram  ol  Minnoapolin-HonoywoU  C-l  olodronlc  autopilot  with  formation  itick 
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VHF  Multiple-Relay  i 


FIG.  2 — Block  diagram  of  a typical  hilltop  relay  station,  showing  the  principal 
elements  of  equipment,  illustrated  in  detail  elsewhere  in  these  pages 


ON  THE  EVENING  of  April  17, 
1945,  a television  program 
originating  in  a Washington,  D.  C. 
studio  was  relayed  through  a chain 
of  four  vhf  stations  located  on  hill- 
tops at  Arlington,  Va.,  Odenton, 
Md.,  Havre  de  Grace,  Md.,  and 
Honeybrook,  Pa.,  to  WPTZ  at 
Wyndmoor,  Pa.,  and  from  there 
broadcast  to  residents  of  the  Phila- 
delphia area.  Multiple  relaying 
tests  have  continued  since  that 
time. 

The  four  hilltop  sites  were  se- 
lected to  insure  100-foot  clearance 
over  all  intervening  terrain,  with 
an  eye  to  possible  future  use  of 
uhf  or  shf  equipment.  This  rfeces- 
sitated  some  staggering  of  the 
sites,  with  the  result  that  the  trans- 
mission path  length  totals  156 
miles  whereas  the  airline  distance 
between  Washington  and  Philadel- 
phia is  143  miles.  A profile  of  the 


network  route  between  the  two  ter- 
minal cities  is  shown  in  Fig.  1. 

In  the  following  paragraphs  some 
of  the  problems  encountered  in 
setting  up  and  operating  the  relay 
stations  will  be  discussed,  and 
hitherto  unpublished  details  con- 
cerning the  equipment  employed 
therein  will  be  given.  The  block 
diagram  of  Fig.  2 shows  the  prin- 
cipal elements  of  a typical  relay 
station.  The  physical  appearance 
of  one  such  station,  at  Arlington, 
is  shown  in  Fig.  3. 

Ailnni  aid  Frequencies 

Antennas  for  receiving  and  re- 
transmitting the  video  signals  are 
similar  in  design,  but  are  mounted 
on  separate  100-foot  towers.  The 
arrays  consist  of  24  elements,  12 
driven  dipoles  and  12  reflectors. 

The  driven  elements,  shown  in 
Fig.  4,  are  half-wave  dipoles.  Two 


master  elements  in  the  center  oi  | 
the  array  are  connected  through  a , 
matching  box  to  the  receiver  or  | 
transmitter  by  means  of  a 3-inch 
coaxial  cable.  Inside  the  matching 
box  is  an  inverter  section  that  pro- 
vides a balanced  transformation 
from  the  single-ended  line  to  the 
antennas.  The  remaining  10  driven 
elements  are  end-fed,  by  means  o 
suitable  high-impedance  transmis- 
sion lines,  from  the  two  master 
dipoles. 

One  difficulty  arose  because  the 
receiving  antenna,  which  must  pie' 
up  a signal  of  a few  millivolts,  is 
at  the  same  site  and  only  about  r-> 
feet  from  the  transmitting  antenna, 
which  sends  out  a 40-watt  signs . 
Obviously,  the  transmitted  sir  a a 
might  be  expected  to  interfere  wi 
reception.  This  problem  of  mtra- 
station  interference  was  solved  > 
a combination  of  two  expedients. 
The  first  was  the  physical  arrange- 
ment of  the  antennas.  At  each  re- 
lay site,  the  receiving  antenna  is 
mounted  end  on  with  respect  to  ® 
transmitting  antenna  tower, 
transmitting  tower  is  at  a n 
point  for  the  receiving  antennas 
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FIG.  1— Profile  of  the  vhf  multiple-relay  television  network  route  between  Washington  and  Phila 
delphia,  showing  the  relative  heights  of  the  two  terminal  stations  and  the  four  hilltop  relay 
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:■  stations  involved. 
:#  volved  staggering 


Line-of-sight  clearances  oi  at  least  100  feet  were  desired.  This  in- 
oi  the  relay  stations  but  added  only  13  miles  to  the  transmission  path 


Television  Network 

I Detailed  description  of  a six-station  chain  through  which  video  programs  originating  m 
Washington  are  telecast  in  the  Philadelphia  area.  Staggered  frequencies  within  the  210 
1 and  236-nic  bands  are  used,  hut  uhf  or  shf  equipment  should  ultimately  prove  feasible 
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pattern,  which  is  shown  in  Fig.  5. 
Thus,  the  transmitting  antenna  it- 
self may  be  placed  in  any  position 
on  its  tower,  since  this  tower  is  at 
the  point  of  lowest  sensitivity  for 
the  receiving  antenna. 

To  further  reduce  local  interfer- 
ence, the  receiver  and  transmitter 
at  each  relay  station  operate  in  two 
separate  frequency  bands.  This  is 
possible  because  the  transmitters 
in  the  network  are  operated  on 
staggered  frequencies.  Washing- 
ton, Odenton  and  Honeybrook, 
transmitters  1,  3 and  5,  transmit 
in  the  236-mc  band  (230-242  me) . 
Arlington  and  Havre  de  Grace, 
transmitters  2 and  4,  transmit  in 
the  210-mc  band  (204-216  me) . The 
result  is  that  at  the  first  relay  point 
•t  Arlington,  for  example,  the  re- 
ceiving antenna  is  picking  up  a 
236-mc  signal,  while  the  transmit- 
hng  antenna  is  sending  out  video 
intelligence  on  210  me. 


\ 
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A third  device  for  reducing  in- 
terference became  necessary  be- 
cause it  was  found  that  the  for- 
ward  wave  received  at  one  relay 
station  was  obscured  somewhat  by 
the  back  wave  from  the  next  relay 


G 3-Relay  station  at  Arlington.  The  two  100-foot  towers  supposing  receiw 
,Ga3„d  — ting  antennas,  the  trailer  in  which  eguipmen,  U housed^  and 
e small  metal  building  in  which  tools,  spare  parts  and  an  emerge  y 
gesoline-engine  driven  generator  are  kept  may  be  seen 
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FIG.  4 — Driven  elements  of  a typical 
transmitting  or  receiving  antenna  array 
as  used  in  the  multiple-relay  television 
network.  Reflectors  are  omitted  from 
the  drawing  for  simplicity 

station.  For  example,  at  the 
Odenton  station,  it  was  found  that 
the  signal  received  from  Arlington 
was  being  interfered  with  by  the 
back  wave  from  Havre  de  Grace. 
The  effect,  viewed  on  the  receiver 
picture  monitor  at  Odenton,  was 
similar  to  stray  beat  patterns 
caused  by  a diathermy  machine 
near  a home  television  receiver.  To 
eliminate  this  inter-station  inter- 
ference, transmitter  frequencies 
were  staggered  again  within  the 
two  available  12-mc  wide  bands. 
Arlington  and  Havre  de  Grace 
transmit  on  different  frequencies 
within  the  210-mc  band.  These 
frequencies  are  far  enough  apart 
so  that  the  beat  pattern  is  of  a 
frequency  above  the  video  accept- 
ance band  of  the  system.  Similarly, 
Havre  de  Grace  is  protected  against 
inter-station  interference  because 
Odenton  and  Honeybrook  transmit 
at  different  frequencies  within  the 
236-mc  band. 

Washington  transmits  on  236  me. 
Arlington  receives  on  236  me  and 
transmits  on  208  me.  Odenton  re- 
ceives on  208  me  and  transmits  on 
234  me.  Havre  de  Grace  receives  on 
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234  me  and  transmits  on  212  me. 
Honeybrook  receives  on  212  me 
and  transmits  on  238  me.  WPTZ 
in  Wyndmoor  receives  on  238  me 
and  telecasts  on  67.25  me. 

R.lay  Receiver  Design 

The  relay  receiver,  receiver  mon- 
itor, synchronizing  expander,  relay 
transmitter,  transmitter  monitor, 
and  the  associated  power  supplies, 
together  with  duplicate  standby 
equipment,  are  all  mounted  in 
racks  in  an  automobile  trailer.  A 
typical  trailer  floor  plan  is  shown 
in  Fig.  6.  Two  views  of  equipment 
in  a trailer  are  shown  in  Fig.  7 
and  Fig.  8. 

In  the  relay  receiver  a grounded- 
grid  cathode-driven  r-f  amplifier, 
Ri  in  Fig.  9,  is  used  to  step  up  the 
received  signal  and  feed  it  into  a 
push-pull  mixer,  R,,  which  also  re- 
ceives a signal  from  a line-con- 


F1G.  5 — Pattern  of  24-el.m.nt  array 


trolled  push-pull  oscillator,  R„  The 
oscillator  may  be  tuned  to  operate 
at  either  171  or  275  me.  In  the 
210-mc  band  receivers  the  oscilla- 
tor is  tuned  to  171  me,  39  me  be- 
low the  received  signal’s  carrier 
frequency.  In  the  236-mc  band  re- 
ceivers, the  oscillator  is  tuned  to 
275  me,  or  39  me  above  the  received 
carrier.  This  staggering  of  oscilla- 
tor frequencies  is  necessary  in  or- 
der to  reduce  interference  from 
harmonic  beats  produced  between 
the  local  transmitting  carrier  and 
the  local  receiver  oscillator. 

From  the  mixer,  the  i-f  signal 
goes  to  the  i-f  amplifier  section, 
tubes  R , through  R,„  consisting  of 
eight  frequency-staggered,  single- 


tuned  bandpass  stages.  The  re-  i 
sponse  of  this  section  is  essentially 
flat  from  37  to  41  me,  with  39  me  ■.:> 
as  the  center  of  the  response  curve. 

The  carrier  is  placed  on  this  char- 
acteristic in  such  a manner  that  it  4 
is  50  percent  down  from  the  peak  •' 
of  the  characteristic,  in  the  famil-  i 
iar  single-sideband  method  of  re- 
ception. The  i-f  stages  are  so  stag- 
gered  that  the  first  and  succeeding 
odd-numbered  stages  are  tuned  to 
41.5  me,  while  all  even-numbered 
stages  are  tuned  to  36.5  me.  Each  d 
i-f  coil  is  damped  suitably  by  a 
load  resistor.  Typical  response  * 
curves  are  shown  in  the  lower  a 
right-hand  section  of  the  circuit 
diagram. 

After  amplification,  the  39-mc 
i-f  signal  goes  to  a conventional 
diode  detector,  Ra,  and  the  result- 
ant video  signal  is  sent  through  a 
cathode  follower,  R„,  acting  as  a -j 
buffer  stage,  to  the  synchronizing  :-j 
expander. 

The  video  signal  is  also  fed  to  a 
10-inch  picture  tube  for  monitoring  .> 
received  picture  quality,  and  to  a 5- 
inch  oscilloscope  used  to  check  the 
wave  form  of  the  received  signal. 

The  choke  in  the  plate  lead  from 
the  detector  to  the  cathode  follower 
acts  as  an  i-f  filter. 

A typical  relay  receiver,  such  as 
the  one  shown  schematically  in  Fig. 

9,  is  illustrated  in  Fig.  10. 

Synchreaiiing  Expander  ffl 

The  video  signal  from  the  re-  I 
ceiver  enters  the  sync  expander  I 
with  the  white  positive  and  the  | 
sync  pulses  down.  Note  the  wave  ■ 
forms  of  Fig.  11.  The  purpose  of  I 
the  sync  expander  is  to  amplify  the  I 
synchronizing  voltage  content  of  ^ 
the  composite  signal  more  than  the 
video  voltage.  This  is  necessary 
because  of  the  non-linear  amplitude 
characteristics  of  the  relay  trans- 
mitters in  the  synchronizing  re-  | 
gion;  that  is,  the  sync  content  of  I 
the  video  signal  tends  to  be  com-  I 
pressed  in  transmission,  and  the  I 
sync  expander  compensates  By  am-  ]i 
plifying  the  sync.  j 

In  the  sync  expander,  the  video  j 
signal  first  passes  through  three 
amplifier  stages.  At  the  second 
stage,  a degenerating  variable  re- 
sistor in  the  cathode  circuit  serves 
as  a video  gain  control. 

When  the  signal  leaves  the  third 
amplifier,  S„  the  sync  pulses  are  up, 
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as  the  waveform  indicates.  The 
circuit  of  d-c  restorer  S,  acts  to 
maintain  the  sync  pulse  tip  level  at 
a constant  d-c  potential  in  the  plate 
circuit  of  amplifier  S„  regardless 
of  changes  in  picture  content.  In 
the  plate  circuit  of  S„  the  sync 
pulses  are  amplified  and  inverted. 
Here  is  where  the  sync  expansion 
takes  place.  Note  that  the  plate 
load  of  S.  consists  of  two  parts: 
(1)  a fixed  resistive  load,  R„  con- 
nected to  a 380-volt  regulated  sup- 
ply, and  (2)  a variable  resistive 
load,  separately  connected  to  a 230- 
volt  regulated  supply.  The  varia- 
able  load,  S„  comprises  a diode 
circuit  such  that  its  resistance, 
which  is  in  parallel  with  the  fixed 
load,  is  practically  infinite  during 
the  synchronizing  pulse,  when  the 
diode  is  not  conducting.  However,  , 
this  resistance  becomes  finite  when 
the  video  level  is  reached,  since  at 
that  time  the  diode  will  conduct 
current.  Thus  the  total  plate  load, 
and  hence  the  amplification,  is 
greater  during  the  sync  pulse.  Cor- 
respondingly, the  two  resistive  loads 
in  parallel  produce  a lower  total 
plate  load,  and  thus  lower  voltage 
amplification  from  S„  for  the  video 
intelligence. 

Next  comes  a cathode  follower 
circuit,  with  S,  and  S,  in  parallel. 
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FIG.  B — Layout  In  a rolay  slat  ton  trailor.  Power  is  obtained  bom  llO-voit 
supply  lines,  except  in  cases  oi  emergency,  when  oxtemally  housed  gasoline- 
engine  driven  generators  are  pressed  Into  service.  Note  that  standby  trans- 
mitters and  receivers  are  provided 


Small  resistors  are  placed  in  the 
control  grid  leads  to  act  as  sup- 
pressors of  parasitic  oscillation.  A 
larger  resistance  is  added  in  the 
cathode  circuit  ahead  of  the  output 
to  the  70-ohm  line.  This  degen- 
erating cathode  resistor  acts  to  im- 
prove the  linearity  of  the  cathode 
follower.  It  also  cuts  down  the  gain 
of  the  stage  from  about  60  percent 
to  20  percent.  However,  as  the 
video  voltage  applied  at  the  grids 
of  S,  and  S.  is  about  20  volts,  a 
signal  of  4 volts  remains  and  is 
carried  to  the  relay  transmitter  by 
the  70-ohm  line. 

Tube  S„  in  the  grid  circuit  of  the 
cathode  follower  stage,  merely  acts 


as  a d-c  restorer.  A potentiometer 
is  used  to  set  its  bias  at  such  a 
point  that  the  sync  pulse  tip  level 
is  at  the  desired  voltage  regardless 
of  changes  in  picture  content. 

The  effect  of  sync  expander  ac- 
tion may  be  seen  in  Fig.  12.  This 
graph  shows  output  voltages  at  the 
plate  of  S,  as  ordinates  and  input 
voltages  at  the  control  grid  of  S , 
as  abscissae.  The  knee  of  the  curve 
appears  at  the  point  where  the  vari- 
able load  assumes  a finite  value  and, 
in  parallel  with  the  fixed  results  in 
a reduced  plate  load  for  S,  and 
hence  a lower  voltage  amplification. 
As  the  wavefom  shows,  this  knee 
appears  at  the  base  of  the  sync 
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2®'  7 Interior  of  a bailer,  showing  tho  operator  talking  to 
°>  other  points  ol  the  network  via  farmer's  phone  line 


FIG.  8 Another  view  inside  a trailer,  showing  one  ol  the 

transmitters  and  the  two  rack-mounted  monitor  units 


electronics 


— October  1945 


Digitized  by 


Google 


I os 


FIG.  10 — Physical  layout  oi  a typical  rid  so  racslrsr 


pulses,  so  that  the  latter  are  ampli- 
fied to  a greater  degree  than  the  re- 
mainder of  the  signal. 

Relay  Traumlttor 

At  each  relay  station  in  the  net- 
work two  transmitters  are  pro- 
vided, one  for  regular  operation 
and  the  other  as  a standby.  Philco 
originally  used  10-watt  relay  trans- 
mitters for  remote  pickup  telecasts 
in  the  Philadelphia  area.  Sim- 
ilar transmitters  were  originally 
planned  for  each  of  the  four  relay 
stations  in  the  Washington-to-Phil- 
adelphia  network.  Soon,  however, 
it  was  found  that  this  power  did 
not  give  adequate  signal  strength 
for  satisfactory  definition  and  clar- 
ity of  the  received  pictre.  The  sig- 
nal-to-noise  ratio  was  too  low. 
Hence  the  transmitters  were  re- 
designed to  include  a power  ampli- 
fier having  an  output  of  40  watts. 
The  problem  af  adding  this  power 
stage  was  simplified  by  “packag- 
ing” the  power  amplifier  and  con- 
necting it  to  the  10-watt  transmit- 
ter unit  through  a matching  device. 
A close-up  of  the  r-f  portion  of  a 
typical  transmitter  is  shown  in 
Fig.  13. 

Starting  at  the  lower  left  corner 
of  the  transmitter  circuit  diagram 
shown  in  Fig.  14,  note  that  the 
video  signal  from  the  synchronizing 
expander  enters  a modulator  unit. 
The  first  stage  of  amplification 


finds  the  video  (white  up)  applied 
both  on  the  grid  and  cathode  of 
1\.  The  signal  on  the  grid  is  varied 
by  means  of  a 500-ohm  potentiom- 
eter. The  output  is  then  amplified 
by  the  two  stages  T,  and  T„  and 
we  again  have  a positive  video  sig- 
nal (white  up)  appearing  on  the 
grid  of  T„  Diode  Tt  acts  as  a d-c 
restorer  to  maintain  the  sync  tip 
voltage  level  on  the  grid  of  T,  at 
the  voltage  set  by  the  30,000-ohm 
rheostat  connected  to  the  plate  of 
Tt.  From  the  plate  of  T„  the  ampli- 
fied video  signal  goes  into  the  grid 
of  the  modulated  stage  of  the  trans- 
mitter through  T„  a voltage  regu- 
lator. An  r-f  choke  in  this  lead 
serves  as  a series  video  peaking 
coil.  Capacitors  are  used  to  pass 
the  high-frequency  components  of 
the  video  signal.  Tube  T,  acts  as 
a 150-volt  battery  and  maintains 
the  d-c  component  in  r-f  output. 


The  amplified  video  signal  from 
the  modulator  is  imposed  on  the 
r-f  carrier,  which  is  generated  by 
a line-controlled  oscillator  T,  and  T, 
coupled  to  the  modulated  ampli- 
fier Tu  through  buffer  stage  TV 
Oscillator  tuning  range  covers  the 
two  channels  used  in  relaying, 
namely  204-216  me  and  230-242  me. 

In  the  original  10-watt  transmit- 
ter design  the  output  of  the  modu- 
lated amplifier  Tw  was  coupled  to 
the  antenna  by  means  of  a coaxial 
line.  When  the  40-watt  amplifier 
was  added  it  was  considered  sim- 
plest from  the  standpoint  of  exist- 
ing gear  modifications  to  utilize 
half-wave  inverter  sections  of  co- 
axial line  in  the  modulated  ampli- 
fier, section  and  in  the  power  ampli- 
fier section  to  couple  these  two 
stages. 

It  will  be  noted  that  a lead  from 
the  r-f  output  of  the  modulated 
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FIG.  11 — Simplified  schematic  of  the  sync  expander  unit  FIG.  12 — Sync  expander  load  characteristic 


amplifier  goes  to  the  cathode  of 
diode  Tn.  In  the  plate  circuit  of 
this  diode  is  a load  resistor  which 
teeds  a video  signal  to  cathode  fol- 
lower Ta.  This  arrangement  dis- 
tributes the  signal  to  a picture  mon- 
itor and  an  oscilloscape  through  the 
test  points  shown. 

The  40-watt  power  amplifier 
tubes  Tu  and  T„  are  operated  as  a 
grounded-grid  cathode-driven  stage. 
Because  of  the  low  plate-to-cathode 
capacitance  when  operated  in  this 
circuit,  no  neutralization  is  neces- 
sary. 

A half-wave  section  of  coaxial 
line  is  used  in  a manner  similar  to 
that  employed  for  coupling  be- 
tween modulated  amplifier  and 
power  amplifier  to  couple  the  lat- 
ter to  a coaxial  line  feeding  the 
antenna. 

Traikrs  aid  Other  Equipment 

Early  in  the  design  of  the  net- 
work, it  was  decided  to  mount  all 
receiving,  monitoring  and  trans- 
mitting equipment  for  each  relay 
station,  including  a complete 
standby  system  and  power  sup- 
plies, in  a suitable  automobile 
trailer. 

It  was  possible  to  obtain  electri- 
eal  power  from  the  local  lines  near 
each  of  the  four  relay  points.  This 
meant  that  we  needed  to  install,  in 
addition  to  the  antenna  towers  and 
trailer  at  each  hilltop  relay  site, 
°aly  a simple  galvanized  steel  build- 
mg  to  house  spare  parts,  tools  and 
an  auxiliary  gasoline-driven  gener- 
ator for  standby  power. 

In  the  building  a monoscope  video 
signal  generator  has  also  been  in- 
stalled. It  is  pictured  in  Fig.  15. 

rl'ngton  is  the  only  relay  station 
80  ^nipped.  Usually,  the  generator 
is  used  to  televise  a test  chart  and 

ansmit  the  chart  image  along  the 


network  to  simplify  operational 
checks  at  all  relay  points  and  at  the 
home  station. 

We  use  farmer’s  telephone  lines 
to  connect  the  television  studios  in 
Washington  and  Philadelphia  with 
the  four  relay  stations.  In  addition 
to  these  six  phone  installations,  we 
have  a seventh  at  the  laboratories 
in  North  Philadelphia.  Each  point 


has  a specified  number  of  rings, 
and  we  can  hold  a seven-man  round- 
table conversation  when  checking 
operation  along  the  route. 

loeaMoa  of  Situ 

A study  of  100-odd  profiles  of  pos- 
sible paths  enabled  us  to  select 
tentatively  four  hilltop  sites  for 
relay  stations.  After  choosing  the 


FIG.  13 CloM-up  ol  thu  i-l  portion  oi  a typical  Mluvixion  ruiay  xtation  ridoo 
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FIG.  15  Television  engineer  operating  monoscope  video  signal  generator  in 
the  steel  shed  at  Arlington 


four  sites  and  obtaining  permission 
from  the  owners  to  proceed  with 
testing,  we  took  a portable  televi- 
sion receiver  to  Honeybrook,  the 
site  nearest  our  home  base.  At 
Honeybrook  we  received  a satisfac- 
tory picture  from  WPTZ  so  we 
next  tried  transmitting  to  WPTZ 
with  a portable  transmitter  unit 
that  included  a portable  monoscope 
video  signal  generator. 

By  the  time  that  this  two-way 
test  had  been  completed  satisfac- 
torily, our  first  trailer  installation 
was  available.  We  pulled  it  to 
Havre  de  Grace,  the  second  site  to 
be  checked.  Here  we  went  through 
a one-way  test,  sending  out  a tele- 
vision picture  from  the  portable 
monoscope  in  Havre  de  Grace  to 
Honeybrook  and  then  relaying  it  to 
WPTZ.  At  Odenton,  procedure  was 
the  same  except  that  the  check  in- 
cluded three  relay  points,  Odenton, 
Havre  de  Grace  and  Honeybrook, 
as  well  as  WPTZ. 

At  the  fourth  and  last  relay  site, 
at  Arlington,  the  permanent  mono- 
scope  installation  was  used  instead 
of  the  portable  video  signal  gener- 
ator. The  same  sequence  was  fol- 
lowed, however,  in  checking  the  pic- 
ture transmitted  along  the  entire 
network. 

The  final  step  was  to  establish  a 
studio  in  Washington.  The  site 


eventually  chosen  was  a corner 
suite  on  the  top  (14th)  floor  of  the 
Hotel  Statler.  Cameras,  lights, 
transmitters,  monitoring  and  re- 
ceiving equipment,  and  test  appara- 
tus are  installed  in  this  three-room 
suite.  A large  room  on  the  corner 


is  the  actual  studio,  and  two  smaller 
flanking  rooms  are  used  for  trans- 
mitting and  control  (monitoring) 
respectively.  The  antenna  is  a sim- 
ple 3-element  dipole  on  the  roof, 
since  the  hop  from  Washington  to 
Arlington  is  only  about  6 miles. 


fOSCTUATOR 

' UVfilR  .« 


BUFFfR 
829 
f T9 
14*000 


MODULATED  AMPLIFIER 


|l  Cr  MA 
+300V(RE6)  +M0VCRM) +«0V 


+300V 

(RE6) 


’ A (REG)  i 

test-points  > POWER  AMPLIFIER 


VIDEO 

SIGNAL  Q25 


IOQOOO: 


♦ 300V 
JREG)_ 


FTG.  14— Circuit  of  a complete  40- watt  video  transmitter  Origin in 

lated  amplifier  .tag.,'  The  ’power"  £££  Z”  ^ °U‘PU'  °'  ““ 


108 


October  1 94S  — ELECTRONICS 


The  Technical  Basis  of 

ATOMIC 

EXPLOSIVES 


Based  on  information  recently  released  by  the  w ar 
Department,  this  article  describes  the  production 
and  use  of  the  two  principal  atomic  explosives, 
uranium-235  and  the  new  element  plutonium 


commute  U>.  dui*  oi  ur  cousod  lo  mow  along  a 

a different  radius  and  ars  blocked 


Several  days  after  the  first- 
atomic  bomb  attacks  on  Japan, 
to  the  surprise  and  gratification  of 
the  technical  press,  the  War  De- 
partment issued  a 175-page  report 
on  the  technical  background  of  the 
atomic  bomb  project.  The  report 
' was  written  by  Prof.  H.  D.  Smyth, 

| head  of  the  Physics  Department  of 
I Princeton  University  and  consult- 
ant to  the  U.  S.  Corps  of  Engineers, 
to  supply  as  much  information  as 
national  security  would  permit. 

The  document  is  a masterpiece  of 
technical  exposition  and  is  recom- 
mended to  every  reader  of  Elec- 
tronics who  can  secure  a copy. 
Unfortunately,  the  report  received 
but  scant  attention  in  the  daily 
i press  and  its  distribution  is  not 
widespread.  To  rectify  this  situa- 
tion, the  editors  have  prepared 
: from  the  report  the  following  sum- 

mary of  the  production  and  use  of 
the  atomic  explosives. 

Hnioa — The  Fundamental  Action 

As  is  now  well  known,  the  pro- 
duction of  atomic  energy  is  ac- 
counted for  by  the  energy-mass 
equivalence  theorem  first  stated  by 
Einstein  in  1905.  The  equation 
states  that  a mass  of  m grams  may 
be  viewed  as  being  equivalent  to  an 
energy  of  me'  ergs,  where  c is  the 
velocity  of  light.  This  theoretical 
Postulate  was  later  proved  through 
the  study  of  radioactive  materials, 
i was  found  that  when  a heavy  ra- 
dioactive substance  undergoes  a 
spontaneous  transmutation,  it 
breaks  up  into  one  or  more  elements 
°f  less  total  mass.  The  difference  in 
mass  appears  in  the  form  of  radiant 
or  kinetic  energy,  as  evidenced  by 
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the  radiations  and  particle  emis- 
sions which  accompany  the  trans- 
mutation. 

The  striking  aspect  of  this  proc- 
ess is  the  size  of  the  quantity  c“ 
which  relates  the  energy  produced 
to  the  loss  of  mass.  This  quantity 
is  9xlOM  ergs  per  gram.  Thus  2.2 
pounds  of  a substance  (1  kilogram) 


completely  transmuted  into  energy 
is  equivalent  to  25  billion  kilowatt 
hours  of  energy,  which  is  equal  to 
the  electrical  energy  generated  by 
all  the  U.S.A.  utilities  over  a period 
of  two  months.  It  is  evident  that  if 
even  a small  portion  of  a gram  of 
matter  could  be  so  transformed,  an 
explosion  of  epic  proportions  might 
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be  made  to  occur.  But  the  trans- 
mutations occuring  in  natural  ra- 
dioactive substances  involve  so 
small  a percentage  of  the  material 
present,  and  the  mass  change  itself 
is  so  small,  that  no  substantial  con- 
centration of  energy  occurs. 

The  search  for  practical  amounts 
of  atomic  power  was  directed  along 
two  avenues : to  find  natural  or  arti- 
ficial radioactive  substances  whose 
transmutations  involved  a large 
change  in  the  atomic  mass,  and  to 
develop  means  of  concentrating 
these  substances  so  that  a large  por- 
tion of  the  material  present  would 
undergo  transmutation  at  once. 
Both  of  these  avenues  have  been  ex- 
plored with  almost  superhuman  in- 
tensity over  the  past  five  years, 
with  the  result  which  the  world  now 
recognizes  as  perhaps  the  greatest 
achievement  of  organized  science. 

Uranian  and  Plutonium 

Two  radioactive  substances  hav- 
ing the  necessary  large  mass 
change  have  thus  far  been  isolated 
on  the  scale  necessary  for  atomic 
bombing:  a natural  isotope  of  ura- 
nium, known  as  uranium-235  (U“), 
and  a new  artificially-created  ele- 
ment, tentatively  named  plutonium 
(Pu5”).  These  substances  have  the 
property  of  undergoing  a particu- 
lar form  of  radioactive  transmuta- 
tion known  as  fission  (a  cleaving 
or  breaking  into  parts)  when  irra- 
diated with  low-speed  neutrons. 

When  an  atom  of  either  of  these 
elements  breaks  up,  the  products 
formed  are  elements  much  lighter 
than  the  original,  and  the  sum  of 
the  masses  of  the  lighter  elements 
is  substantially  less  than  the  mass 
of  the  original  atom  of  U“  or  Pu”. 
Hence  the  energy  released  by  the 
fission  is  very  great.  Moreover,  and 
most  important,  the  fission  is  ac- 
companied by  the  production  of  ad- 
ditional neutrons.  Thus  if  but  one 
neutron  is  originally  present  and 
only  one  atom  is  transmuted  at  the 
start,  additional  neutrons  are  pro- 
duced which  irradiate  the  nearby 
atoms,  producing  new  fissions.  The 
process  builds  up  cumulatively  and 
the  disintegration  of  the  whole 
of  material  is  self-sustaining.  This 
is  the  so-called  chain  reaction  which 
is  essential  to  the  action  of  the 
atomic  explosive. 

For  the  chain  reaction  to  proceed 
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it  is  necessary  that  the  number  of 
neutrons  produced  in  a given  time 
exceed  the  number  absorbed  or  lost 
by  the  system  in  the  same  time. 
This  condition  is  expressed  by  an 
equation  which  is  basic  to  the  whole 
science  of  atomic  power.  A chain 
reaction  occurs  if 

IVsp/ii  g N (1) 

where  N is  the  number  of  free 
neutrons  originally  present  and  the 
factors  «p/i)  represent  the  regener- 
ation and  loss  of  neutrons  in  the 
course  of  the  atomic  disintegration. 
Specifically  e is  a factor  greater 
than  1 representing  the  production 
of  fast  (high  velocity)  neutrons,  p 
a factor  less  than  one  representing 
the  loss  of  neutrons  by  resonance 
capture  without  succeeding  disrup- 
tion of  the  atoms,  / is  a probability 
factor  representing  the  chance  that 
the  low  speed  (thermal)  neutrons 
will  be  absorbed  in  the  uranium  or 
plutonium  atoms  and  thus  produce 
fission,  and  r,  is  the  number,  be- 
tween 1 and  3 of  neutrons  produced 
by  the  fission  of  each  atom.  If  the 
product  of  these  factors  *pfi\ 
(called  the  multiplication  constant, 
kx)  is  greater  than  unity,  the 
reaction  occurs;  otherwise  it  does 
not. 

One  of  the  basic  problems  of 
atomic  research  was  to  find  a suit- 
able arrangement  of  uranium  or 
plutonium,  mixed  with  other  sub- 
stances, to  insure  that  ko o exceeds 
unity.  The  first  such  successful  ar- 
rangement was  produced  in  1942 
at  the  University  of  Chicago,  and 
the  chain  reaction  was  first  ob- 
served on  December  2 of  that  year. 
The  reaction  was  stabilized  or  con- 
trolled so  that  fcoo  = 1 and  a steady 
flow  of  power  produced.  The  power 
produced  was  minute,  only  J watt. 
But  the  principle  was  established, 
proving  not  only  the  feasibility  of 
the  atomic  bomb  itself,  but  indicat- 
ing the  process  whereby  plutonium 
could  be  manufactured  on  a con- 
tinuous basis  from  uranium  metal. 
This  process  was  embodied  in  the 
Hanford,  Washington,  plant  which 
began  operation  in  September  1944 
and  has  since  served  as  one  of  the 
principal  sources  of  atomic  ex- 
plosives. 

laslc  R*quir*m*n«s  of  an  Atomic  Bomb 

There  are  several  requirements 
which  must  be  met  in  the  design  of 


an  atomic  bomb.  First,  the  bomb 
must  be  stable  and  safe  to  handle 
prior  to  its  release  from  the  bomb- 
ing aircraft.  Second,  it  must  be 
efficient  in  the  use  of  the  atomic  ex- 
plosive, which  is  a very  precious 
material.  The  first  requirement  is 
satisfied  by  making  use  of  the  for- 
tunate fact  that  the  atomic  ex- 
plosive does  not  explode  so  long 
as  the  amount  of  material  initially 
present  is  smaller  than  a certain 
critical  size.  By  bringing  several 
such  small  pieces  together  quickly, 
so  that  the  sum  of  their  masses  ex- 
ceeds the  critical  size,  the  explo- 
sion can  be  made  to  occur  at  any 
desired  time. 

The  second  requirement,  effi- 
ciency, is  met  by  confining  the  ex- 
. plosion  in  a strong  and  massive  con- 
tainer or  tamper,  so  that  the  disin- 
tegration of  the  desired  amount  of 
explosive  occurs  before  the  bomb 
flies  apart.  If  no  such  container 
were  provided  the  initial  force 
would  separate  the  explosive  mate- 
rial into  small  pieces  which,  by 
themselves,  would  not  disintegrate 
further.  Even  with  such  a con- 
tainer, the  time  available  for  com- 
pletion of  the  chain  reaction  in  the 
bomb  is  very  short,  of  the  order  of 
milliseconds,  so  means  must  be 
taken  for  insuring  complete  migra- 
tion of  the  neutrons  through  all 
parts  of  the  explosive  before  the 
container  releases  its  contents. 
This  implies  the  use  of  fast  neu- 
trons as  the  detonating  agent. 

The  reason  that  pieces  of  atomic 
explosive  smaller  than  a certain 
critical  size  will  not  explode  is 
readily  seen  from  the  following: 
In  a small  piece  of  material,  the 
surface  area  of  the  piece  is  large 
compared  with  its  volume,  and  the 
number  of  neutrons  lost  through 
the  surface  is  so  great,  relative  to 
the  number  produced,  that  sufficient 
multiplication  of  the  neutrons  to 
cause  a chain  reaction  does  not  oc- 
cur and  the  material  remains  sta- 
ble. As  the  size  is  increased,  how- 
ever the  volume  increases  faster 
than  the  surface  area  and  the  ratio 
of  neutrons  produced  to  these  lost 
through  the  surface  increases  pro- 
portionately. The  critical  size  is 
reached  when  the  number  of  neu- 
trons lost  through  the  surface,  and 
through  the  other  losses  indicated 
in  Eq.  (I),  just  equals  those  pro- 
duced. In  pieces  larger  than  this, 
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the  chain  reaction  becomes  self-sus- 
taining and  the  explosion  occurs. 

For  reasons  of  security  the  exact 
value  of  the  critical  size  is  not 
given  in  the  report,  but  it  is  stated 
to  be  between  the  limits  of  2 kilo- 
grams and  100  kilograms  (between 
4.4  and  220  pounds) . The  press  has 
stated  that  a piece  weighing  25 
pounds  is  sufficient  for  the  atomic 
bomb,  but  there  is  no  official  con- 
firmation of  this  figure. 

No  other  details  regarding  the 
bomb  itself  are  available  except 
the  method  of  bringing  the  pieces 
of  explosive  together.  The  reac- 
tion will  start  when  the  pieces  are 
brought  in  close  proximity  and  the 
speed  of  the  reaction  is  so  great 
that  the  pieces  might  be  blasted 
apart  before  they  reach  firm  con- 
tact, with  consequent  lowering  of 
efficiency.  To  avoid  this,  the 
pieces  must  be  brought  together 
in  a few  microseconds,  and  this  is 
accomplished  by  shooting,  with  a 
gun  mechanism,  one  piece  at 
another  with  such  force  and  at 
such  high  velocity  that  they  merge 
into  a solid  mass  before  the  explo- 
sion takes  place. 

Even  though  these  precautions 
have  been  taken  the  full  force  of 
the  atomic  explosion  has  not  yet 
been  realized.  Although  the 
present  efficiency  is  not  reported, 
a report  on  the  subject  written  in 
1941  indicated  that  from  1 to  5 
percent  of  the  potential  fission 
energy  might  be  released  before 
the  material  becomes  so  far 
separated  as  to  cause  the  reaction 
to  cease.  On  the  basis  of  these 
figures  it  was  stated  that  1 kilo- 
gram of  U”  would  equal  the  effect 
of  300  tons  of  TNT.  Figures  re- 
leased to  the  press  regarding  the 
first  bomb  dropped  on  Japan  indi- 
cated an  explosive  effect  equal  to 
that  of  20,000  tons  of  TNT,  which 
would  indicate  a weight  of  U“  of 
about  67  kilograms  (150  pounds), 
based  on  the  above  figures.  If 
the  efficiency  realized  is  higher 
than  that  predicted  in  1941  (as  it 
may  well  be) , the  weight  required 
to  produce  this  effect  is  propor- 
tionately less.  The  weight  is  evi- 
dently not  a deterrent  from  the 
standpoint  of  carrying  the  bomb  in 
. an  aircraft,  even  considering  the 

I auxiliary  detonating  and  contain- 

| ing  structures.  Nor  is  the  size 
excessive,  since  25  pounds  of 

1 


i 


Mut- energy  equivalence  theorem 

E=  9 X 10“m 
where  E-=  energy  in  ergr 
m = grtmi  of  matter 

Chemical  reaction  producing  plutonium 

,U*»  + - mU”*  - »Np“  + 

Mp™  - + -■« 

where  U = uranium 
n= neutron 

Np= neptunium 

e= electron 
Pu  = plutonium 

Z £££T. <»  *• 

FUsion  reaction  (atomic  explosion) 

„U»  + - fission  products  + 200,000,000  eledron  volt,  (similar  reaction  occur, 

with  plutonium,  sJV**) 


uranium  occupy  a cube  only  3.3 
inches  on  a side.  But  obtaining 
such  amounts  of  the  uranium  or  plu- 
tonium from  natural  sources,  was 
a staggering  problem. 

Availability  of  Materials 


Estimates  place  the  percentage 
of  natural  uranium  in  the  earth’s 
crust  at  about  4 parts  per  million. 
Substantial  deposits  are  known  to 
exist  in  Colorado,  northern  Canada, 
Czechoslavakia,  and  in  the  Belgian 
Congo.  By  the  end  of  1941  only  a 
few  grams  of  purified  metal  had 
been  produced.  But  by  June  1942 
deliveries  of  the  brown  dioxide  of 
uranium,  the  basic  raw  material, 
had  reached  30  tons  per  month. 
By  Nov.  1942,  6000  pounds  of 
pure  uranium  metal  had  been 
accumulated,  and  by  1943  upwards 
of  500  pounds  of  the  metal  were 
being  produced  each  day.  The 
cost  at  that  time  was  22  dollars 
per  pound.  Thereafter,  improved 
processes  were  introduced  and  no 
further  metal  shortages  have  since 

occurred.  . . . „ 

Uranium  metal  consists  of  tw 
isotopes,  one  of  atomic  mass  238 
(1]“)  and  the  other  of  atomic  mass 
235  (U**)."  The  active  portion, 
U“  is  present  only  to  the  exent 
of  ’l  part  in  140  (0.7  percent). 
The  remaining  99.3  percen  o 
U-  so  dilutes  the  IT  that  in  the 
natural  state  uranium  does  not 
react  chainwise  except  when 
assembled  in  masses  so  great  as 


to  be  completely  impractical  for 
purposes  of  bombing.  The  alterna- 
tive was  to  remove  the  U*  from  the 
XJ“  to  permit  its  use  in  concen- 
trated form.  The  compactness 
thus  achieved  permits  easy  trans- 
portation by  aircraft  and  also  per- 
mits achieving  high  efficiency  m 

01  <■»  V-  <™» 

U"  is  far  from  simple.  The  two 
isotopes  have  similar  chemical 
properties  and  hence  cannot  be 
separated  by  chemical  processes^ 
The  only  basis  on  which  they  can 
be  separated  is  a slight  difference 
in  mass,  amounting  to  about  1. 
percent.  Thus  the  separation 
must  be  based  on  some  physical 
process,  involving  a d?ff®renc®  “ 
the  speed  of  the  atoms  as  they  move 
under  thermal,  mechanical  or  elec- 
tric forces.  Unfortunately,  the 
difference  in  speed  depends  only 
on  the  square  root  of  the  mass 
ratio,  and  in  a large  group  of  atoms 
the  speeds  have  statistical  di 
tributions  which  overlap.  Hence 
the  separation  is  only  partial  and 
must  be  repeated  many  times 
produce  even  P»rt,*  j)ure 

operation  in  v 

truly  heroic  measures  were  taken 

In  setting  up  the  separation  equip- 

mSinc0en  thifawroach  would  take 
time,  and  since  there  was  great 
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fear  that  the  Germans  might  be 
well  ahead  in  the  same  problem, 
another  approach  was  sought, 
found  and  pursued  independently. 
This  second  approach  was  the  pro- 
duction and  separation  from 
uranium  metal  of  a new  element, 
plutonium. 

During  the  study  of  the  effect  of 
neutrons  on  uranium,  it  was  found 
that  two  new  elements  might  be 
produced  artificially.  These  two 
new  elements  have  different  chemi- 
cal properties  and  hence  are 
separable  from  the  parent  uranium 
by  chemical  means  of  much  higher 
efficiency  than  the  physical  methods 
necessary  to  separate  U“.  The 
production  of  plutonium  starts 
when  a neutron  of  proper  speed 
enters  the  nucleus  of  U*“  (the 
more  plentiful  part  of  uranium 
metal)  and  is  absorbed  there, 
giving  rise  to  a new  isotope  of  ura- 
nium, U“.  This  isotope  trans- 
mutes spontaneously,  one  half  the 
atoms  present  changing  in  23  min- 
utes, into  an  intermediate  element, 
neptunium,  accompanied  by  the 
emission  of  a high  speed  electron. 
The  neptunium  thereupon  trans- 
mutes (half-life  2.3  days)  into 
plutonium,  again  with  the  emission 
of  a high  speed  electron. 

The  plutonium  has  a half-life  of 
over  1000  years,  that  is,  it  decays 
so  slowly  that  in  effect  it  can  be 
considered  a stable  element.  When 
its  properties  were  first  investi- 
gated, theoretical  predictions  were 
made  that  plutonium,  like  U“, 
would  undergo  fission  when  bom- 
barded with  slow  neutrons.  This 
was  later  proved  to  be  in  case. 
Thus  for  all  practical  purposes, 
pure  U“  and  plutonium  are  equiva- 
lent as  atomic  explosives,  whereas 
plutonium  is  considerably  easier  to 
produce  and  extract  because  large 
scale  chemical  processes  may  be 
employed.  Moreover,  the  raw 
material  from  which  plutonium  is 
extracted  is  U”,  which  constitutes 
99.3  percent  of  natural  uranium, 
and  hence  the  plutonium  obtainable 
from  a given  store  of  metal  is 
potentially  much  greater  than  the 
amount  of  U”  (0.7  percent) 
present. 

All  these  factors  made  plutonium 
production  very  attractive  and 
plans  to  produce  it  on  a large  scale 
were  drawn  up.  The  scale  of  this 
effort  can  be  estimated  from  the 
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fact  that  at  one  time  some  60,000 
people  were  at  work  on  the  site  of 
the  Hanford,  Washington,  pluto- 
nium plant,  and  the  total  area 
under  government  control  is  nearly 
1000  square  miles.  The  tempera- 
ture of  the  Columbia  River  has 
been  raised  an  appreciable  number 
of  degrees  by  the  cooling  water 
discharged  from  the  plant,  which 
consists  of  three  huge  producing 
units  and  associated  chemical 
separation  plants. 

Methods  Used  to  Separate  U-235 

To  insure  a source  of  separated 
U”,  three  plants  were  also  set  up 
in  the  Clinton  Engineering  Dis- 
trict in  Tennessee,  each  plant 
designed  for  a different  method  of 
isotope  separation.  The  three 
methods  used  are  gaseous  diffu- 
sion, thermal  diffusion,  and  electro- 
magnetic separation  utilizing  the 
principle  of  the  mass  spectrograph. 
The  thermal  diffusion  process  was 
not  used  to  produce  the  end- 
product,  but  rather  to  provide  an 
enriched  form  of  U“  to  feed  into 
the  electromagnetic  process. 

The  gaseous  diffusion  plant  was 
planned  in  the  winter  of  1942-43 
and  a few  sections  went  into  opera- 
tion in  1944.  The  completed  plant 
was  in  full  operation  before  the 
summer  of  1945.  Separation  by 
gaseous  diffusion  is  based  on  the 
fact  that  the  light  molecules  of  a 
gas  mixture  diffuse  more  readily 
through  a thin  sheet  of  metal  than 
do  the  heavy  molecules.  For  diffu- 
sion to  take  place,  the  sheet 
(known  as  a barrier)  must  have 
billions  of  tiny  holes  in  it,  none 
of  which  is  larger  in  diameter  than 
0.0000004  inch. 

One  form  of  barrier,  since  im- 
proved upon  greatly,  is  a thin  sheet 
of  silver-zinc  alloy  etched  with 
hydrochloric  acid.  A gas  contain- 
ing uranium  (uranium  hexa- 
fluoride was  used  in  the  early  work 
and  other  gases  have  been  investi- 
gated) is  placed  on  one  side  of  such 
a barrier,  at  atmospheric  pressure, 
and  the  space  on  the  other  side  is 
evacuated.  As  the  gas  diffuses,  the 
lighter  molecules  made  up  of  the 
U”  isotope  pass  through  the  holes 
somewhat  more  readily  so  the  mix- 
ture of  gas  which  accumulates  on 
the  evacuated  side  contains  a 
higher  percentage  of  U"  than  that 


on  the  other  side.  The  enrich- 
ment in  one  such  stage  of  diffusion 
is  very  slight,  amounting  to  about 
0.3  percent  for  UF„  and  not  all 
this  is  realized  due  to  reverse  diffu- 
sion. To  secure  substantially  pure 
hexafluoride  of  U*“  the  process 
must  be  repeated  over  and  over 
again,  roughly  4000  separate  stages 
of  diffusion  being  required  to 
achieve  99  percent  purity.  The 
U*“  metal  can  then  be  recovered 
from  the  gas  by  conventional 
chemical  processes. 

To  secure  large  amounts  of  U“ 
by  this  process  literally  acres  of 
barrier  sheets,  and  thousands  of 
pumps  to  evacuate  the  low-pressure 
side  of  each  stage,  were  required. 
The  steam  power  plant  built  to 
supply  the  power  for  this  purpose 
is  one  of  the  largest  ever  built. 

Thermal  diffusion,  the  second 
method  of  separation,  accomplishes 
separation  of  molecules  of  different 
weight  by  the  effects  of  a tempera- 
ture gradient.  The  method  had 
been  applied  to  gases  prior  to  1920 
and  had  been  used  successfully  to 
separate  isotopes  in  Germany  in 
1938.  The  process  adopted  at  Clin- 
ton makes  use  of  the  liquid,  rather 
than  gaseous,  phase  of  uranium 
hexafluoride.  The  plant  structure 
is  much  simpler  than  that  required 
for  gaseous  diffusion  and  construc- 
tion was  completed  in  the  summer 
of  1944. 

The  electromagnetic  separating 
plant,  the  first  large-scale  producer 
of  purified  U“,  began  operation 
in  1943  in  a small  number  of  units 
which  were  subsequently  enlarged. 
The  plant  began  large-scale  opera- 
tion at  the  end  of  1944  and  pro- 
duced U”  of  sufficient  purity  for 
use  in  atomic  bombs.  The  principle 
of  operation  is  basically  that  of 
the  mass  spectrograph,  in  which 
positive  ions  of  uranium  are 
accelerated  electrically  to  a very 
high  speed  and  then  passed  through 
a transverse  magnetic  field  which 
causes  the  ions  to  move  in  circular 
paths,  the  radii  of  which  are  pro- 
portional to  the  atomic  mass. 

A diagram  in  these  pages  shows 
the  basic  action  of  such  a separator. 
The  lighter  ions,  containing  the 
U“,  move  through  an  arc  of 
shorter  radius,  at  the  end  of  which 
is  a slit  through  which  the  atoms 
pass  to  the  collector.  The  heavy 
atoms  of  IP",  moving  along  another 
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arc  are  intercepted.  This  elec- 
tronic method  of  purifying  IT”  is 
attractive  in  its  simplicity,  but 
prior  to  1941  it  was  not  considered 
suitable  for  large  scale  operations. 

The  limitations  were  the  difficulty 
of  producng  a large  quantity  of 
gaseous  uranium  ions,  the  wastage 
incident  to  forming  the  ion  beam, 
and  space  charge  effects  in  a dense 
beam  of  ions,  all  of  which  limited 
the  yield  of  purified  IT” . 

The  final  form  of  mass  separator, 
called  a calutron  (after  California 
University,  where  it  was  devel- 
oped), overcomes  these  limitations 
in  several  respects.  The  space 
charge  is  neutralized  by  ionization 
of  the  residual  gas  in  the  chamber 
through  which  the  ion  beam  passes. 

A more  copious  source  of  ions  was 
obtained  by  widening  the  slit  of  the 
ion  gun,  and  controlling  the  diver- 
gence of  the  beam  through  space- 
variations  in  the  applied  magnetic 
field.  In  this  way  the  current  in 
the  ionic  beam,  and  hence  the  rate 
of  collecting  separated  U“ , were 
vastly  increased.  The  process  was 
applied  experimentally  on  a large 
scale  by  the  use  of  a great  many 
calutron  separators  within  the  field 
of  a single  magnet,  the  largest  in 
existence,  with  circular  pole  faces 
15  feet  across,  and  with  an  air  gap 
of  6 feet.  This  magnet  had  been 
built  for  the  giant  cyclotron  at 
Berkeley  but  was  converted  and 
used  in  the  development  of  the 
calutron.  In  the  final  production 
system  a number  of  magnets,  each 
containing  many  separators  in  its 
air  gap  were  set  up  at  the  Clinton 
works  and  fed  with  power  from 
the  TV  A system. 

Although  the  report  makes  no 
mention  of  the  fact,  newspaper  re- 
ports indicate  that  28  million 
pounds  of  silver  were  borrowed  from 
the  U.  S.  Treasury  to  wind  the  coils 
for  these  magnets,  because  copper 
was  not  available.  The  silver  also 
had  lower  losses,  and  would  be  re- 
coverable at  the  end  of  the  project. 

Another  electronic  device  for 
separation  is  the  isotron.  This 
tube  employs  the  principle  of  the 
klystron,  bunching  ions  by  velocity 
modulation  of  the  ionic  beam.  A 
source  of  positive  ions  (an  area 
I l*r?er  than  the  slit  of  the  calutron, 

(and  hence  carrying  more  material) 
is  accelerated  to  high  velocity  by 
application  of  a steady  high-voltage 
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electric  field.  Since  the  ionic 
velocity  is  inversely  proportional 
to  the  square  root  of  the  mass,  the 
U*“  ions  reach  higher  velocities 
than  the  IT”  atom.  Superimposed 
on  the  steady  accelerating  voltage  is 
a sawtooth  wave  of  voltage  which 
causes  the  ionic  velocity  to  be 
modulated,  and  the  stream  of  ions 
is  thus  bunched  in  the  same  manner 
as  the  electron  beam  in  a klystron. 
Since  the  two  forms  of  ions  are 
traveling  at  different  speeds,  the 
U"“  and  IT”  bunches  occur  at  dif- 
ferent positions  along  the  axis  of 
the  tube.  Hence  separation  of  the 
ions  is  achieved  along  the  ion  beam. 

To  collect  the  IT”  ions,  it  is 
necessary  to  transmit  them  to  a 
collector  plate  without  at  the  same 
time  collecting  the  U*"  bunches. 
The  separation  is  carried  out  by  a 
transverse  electric  field,  synchro- 
nized with  the  sawtooth  bunching 
field,  and  timed  so  as  to  deflect  the 
U*“  bunches  as  they  arrive.  The 
field  is  cut  off  as  the  U“  bunches 
pass,  Hence  this  component  of  the 
ion  beam  passes  undeflected  to  a 
collector  plate.  While  this  device 
produced  partially  separated  sam- 
ples of  IT”,  it  was  not  deemed  as 
useful  as  the  other  separation 
methods  and  its  large-scale  appli- 
cability to  large  scale  processes  was 
not  investigated. 

Another  electronic  means  of 
separation,  based  on  the  principle 
of  the  magnetron,  was  investigated 
but  not  developed  to  the  point  of 
large  scale  use.  This  device, 
known  as  the  ionic  centrifuge, 
operates  on  the  principle  of  whirl- 
ing an  ionic  beam  in  a transverse 
magnetic  field. 

Frodactioa  of  FMoolum 


The  reaction  producing  pluto- 
nium has  already  been  described. 
In  the  production  of  plutonium  the 
problem  was  to  achieve  a control- 
lable chain  reaction  such  that  plu- 
tonium could  be  produced  at  a con- 
tinuous rate  from  uranium  metal 
without  danger  of  an  atomic  explo- 
sion. The  solution  to  this  prob- 
lem is  a structure  known  as  a 
chain-reacting  pile,  consisting  of 
rods  of  uranium  sealed  in  alumi- 
num jackets  and  inserted  in  a large 
block  of  graphite.  The  heat  pro- 
duced in  the  reaction  is  removed 
by  passing  water  through  the  pi  e, 
between  the  uranium  rods  and  the 


graphite.  Control  rods  of  inert 
material  are  inserted  in  the 
graphite  and  moved  in  or  out  of  the 
pile  by  remote  control  so  that  the 
neutron  production  may  be  speeded 
up  or  slowed  down  as  the  reaction 
proceeds.  The  positions  of  the  con- 
trol rods  are  adjusted  automatically 
so  that  the  neutron  multiplication 
factor  remains  at  unity.  The  chain 
reaction  is  thereby  stabilized  and 
proceeds  at  a constant  rate,  and 
the  IT”  in  the  uranium  metal  is 
continuously  transformed  into  plu- 
tonium. 

Two  processes  occur  simulta- 
neously in  the  pile : the  IT”  present 
undergoes  fission  in  a chain  reac- 
tion (the  amount  of  uranium  pres- 
ent is  large  enough  in  the  presence 
of  the  graphite  to  support  such  a 
reaction)  and  the  fission  of  the 
IT”  provides  a continuous  supply 
of  fast  neutrons.  These  are  slowed 
down  in  the  graphite.  Some  of 
these  slow  neutrons  enter  the  re- 
maining IT”  to  maintain  the  chain 
reaction,  while  others,  of  suitable 
speed,  are  absorbed  by  the  IT” 
present,  thereby  initiating  the  plu- 
tonium reaction  previously  de- 
scribed. As  the  reaction  proceeds, 
the  IT”  is  transmuted  to  a number 
of  fission  products,  the  IT”  yields 
an  increasing  amount  of  plutonium, 
and  a great  deal  of  heat  is  liber- 
ated. When  the  reaction  has  pro- 
ceeded to  a safe  limit,  the  control 
rods  are  manipulated  to  stop  the 
reaction  and  the  aluminum  jackets, 
now  containing  U* ‘ , IT” , plutonium 
and  fission  products,  are  removed 
from  the  pile  and  transported  to 
the  chemical  separation  plant. 

The  separation  is  accomplished 
in  huge  concrete  troughs  or 
canyons.  The  contents  of  the 
aluminum  jackets  are  dissolved  and 
the  plutonium  precipitated  from 
the  solution  in  the  form  of  an  oxide 
salt.  By  successive  precipitations 
of  different  oxides,  the  plutonium  is 
removed  from  the  uranium  as  well 
as  from  the  fission  products,  which 
comprise  some  20  elements,  all  vio- 
lently radioactive.  The  separated 
plutonium  oxide  is  then  reduced 
to  produce  the  pure  metal.  Three 
piles,  operating  at  a power  leve 
in  the  hundreds  of  thousands  of 
kilowatts  (a  measure  of  the  heat 
produced  by  the  reaction)  were  m 
operation  during  the  summer  of 
1946  at  the  Hanford  plant.— D.  0.  F. 
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CRACK  DETECTOR  fob 


Cracks  in  metal  wire,  bars,  and  tubing,  passed  through  the  field  of  the  inductor  of  one 
of  two  oscillators,  change  the  beat  frequency.  Beat  voltages  are  rectified  to  operate  a meter, 
a neon  tube  and  a relay.  Cracks  are  marked  by  paint  sprayer  when  relay  closes 


By  JOHN  H.  JUPE 

Enfield,  England 


Determination  of  the  quality 
of  a metal  product  has  fre- 
quently been  a laborious  process 
where  it  has  been  necessary  to  rely 
on  fatigue  tests  and  the  study  of 
microsections  of  samples.  Such  pro- 
cedure is  slow  and  costly  and  con- 
ducive to  waste  in  production.  A 
solution  to  the  problem  of  produc- 
tion testing,  at  high  speed,  for 
cracks  in  metal  wire,  tubing  and 
bars  is  based  on  the  electrical  char- 
acteristics of  the  metal  under  test 
A compact  electronic  instrument 
has  been  designed  for  this  purpose 


by  Salford  Electrical  Instruments, 
Ltd.,  a subsidiary  of  General  Elec- 
tric Company,  Ltd.,  of  England. 

Basic  Principle 

It  is  well  known  that  the  depth 
of  penetration  of  r-f  current  in  a 
conductor  is  related  to  frequency, 
permeability  and  conductivity.  The 
decay  of  current  toward  the  center 
of  the  conductor  is  exponential  and 
can  be  compared  to  a transmission 
line,  where  the  attenuation  constant 
gives  a measure  of  the  decay  in  cur- 
rent at  the  end.  In  practice,  where 


FIG.  1— Depth  D oi  crack  Is  graphically  laprauntud  as  a function  of  boquoncy 


depth  is  concerned,  it  is  sufficiently 
accurate  to  take  the  depth  of  cur- 
rent as  being  the  point  where  at- 
tenuation occurs  to  the  extent  of 
one  neper  (8.686  db). 

Depth  of  current,  in  thousandth 
of  an  inch,  for  one  neper  loss,  is 
given  by  the  formula 


where  / = frequency 

H = permeability 
or  = resistivity  in  microhms 
per  cu  cm 

Figure  1 shows  a graph  which 
has  been  calculated  for  copper  at 
60  F,  steel  at  60  F and  steel  at  the 
Curie  point.  Of  course,  the  depth 
of  current  will  vary  with  fi  and  o 
but  in  general,  variations  in  mag- 
netic materials  are  sufficiently  nar- 
row to  assume  a uniform  depth  of 
current  at  one  frequency  for  low 
values  of  magnetic  field  strength. 
Slight  variations  of  conductivity 
(the  only  variable  in  the  case  of 
non-magnetic  materials)  cause  lit- 
tle difference  in  the  depth  of  cur- 
rent, which  is  proportional  to  the 
square  root  of  the  conductivity. 


Simulates  Trauifanaar 

The  above  theory  is  applied  in 
the  new  instrument  by  first  arrang- 
ing a coil  to  induce  eddy  currents  in 
the  sample  at  right  angles  to  the 
axis.  Then,  if  the  frequency  is  such 
that  the  current  penetration  is 
deeper  than  the  deepest  crack,  the 
effect  will  be  to  provide  a short-cir- 
cuited turn  and  an  effective  vari- 
able resistance  in  the  coil,  which 
will  act  like  the  secondary  of  » 
transformer  transferring  its  load 
to  the  primary.  If  the  oscillator  fre- 
quency is  now  measured,  using  a 
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FIG.  2— Complete  circuit  oi  the  radio-frequency  crack  detector.  Materials  to  be  tested  are  introduced  into  the  field  of  the  inductor 
b the  measuring  head.  Cracks  in  the  material  act  like  shorted  turns,  changing  the  inductance  and  hence  the  beat  frequency  pro- 
duced in  the  mixer 


crack-free  sample  to  act  like  a 
short-circuited  turn,  the  frequency 
will  be  found  to  change  because  of 
die  change  in  the  oscillator  induct- 
ance when  a crack  enters  the  field 
of  the  coil. 

A portion  of  the  oscillator  volt- 
age is  taken  and  passed  through 
filter  circuits  and  an  indicating  in- 
strument so  that  a variation  in  fre- 
quency, caused  by  a crack,  has  the 
effect  of  causing  a large  variation 
in  output  voltage  as  shown  on  a 
meter.  To  avoid  worker  fatigue 
and  to  insure  against  missing  short 
flicks  of  the  meter  pointer  a neon 
lamp  flashes  at  the  same  time. 

pie  fact  that  cracks  are  rarely 
uniform  in  depth  for  more  than  a 
fraction  of  an  inch,  or  may  be  full 
of  oxide,  has  not  been  found  to  be 
serious  in  operation  of  the  instru- 
ment but  should  be  borne  in  mind 
when  attempting  to  take  a micro- 
section on  a sample, 
pie  crack  detector  is  capable  of 
indications  of  cracks  from 
• 005  to  0.26  inch  deep.  The  lower 
mit  is  set,  not  by  the  apparatus 
Ui  surface  condition  of  the 
?«nple.  Material  from  0.126  to  0.6 
mch  and  from  0.6  to  6.0  inches  in 
“*®eter  can  be  tested  in  two  stand- 
instruments. 


Figure  2 shows  a schematic  of 
the  equipment.  The  method  of  op- 
eration is  as  follows : The  sample 
to  be  tested  passes  through  the  in- 
ductance of  an  oscillator  in  the 
measuring  head,  which  is  beating 
against  a fixed  frequency  oscillator. 
The  resultant  output  is  mixed  in 
the  pentagrid  tube.  Audio  output  is 
amplified  by  the  first  stage  and 
passed  into  a limiter,  which  feeds 
a square-wave  output  to  the  diode 
frequency-measuring  circuit.  An- 
other diode  takes  the  rectified  d-c 
and  operates  a neon  tube  and  relay 
in  the  anode  circuit  of  the  final 


pentode.  The  function  of  the  neon 
tube  is  to  provide  a quick  indica- 
tion of  a crack  when  material  is 
being  tested  at  a high  speed. 

The  neon  tube  can  be  made  to 
fire  at  any  predetermined  depth  of 
crack  by  adjustment  of  the  poten- 
tiometer in  the  grid  circuit  of  the 
pentode.  To  make  the  operation  en- 
tirely automatic,  the  relay  in  the 
anode  circuit  of  the  last  pentode 
operates  a small  compressed-air 
paint  sprayer,  which  marks  the 
faulty  material  over  the  crack. 
The  relay  is  adjusted  to  close  when 
the  neon  tube  fires. 
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FIG-  1 Examples  ol  variable  capacitors  designed  to  compensate  the  tem- 
perature coefficient  of  cofls  in  heterodyne  oscillators,  and  midget  ceramic 
capacitors  used  to  compensate  small  fixed  values  of  capacitance  in  the  tuning 
capacitors 


mally  will  be  of  bare  copper  wire 


The  principles,  factors,  and 
methods  discussed  herein  have 
been  successfully  applied  in  the  de- 
sign of  heterodyne  oscillators  for 
certain  commercial  equipment. 
Variation  of  frequency  with  tem- 
perature can  be  brought  down  to 
a consistently  low  value  of  less  than 
10/107°C  (ten  parts  per  million 
per  degree  centigrade)  over  the 
normal  tuning  range  of  something 
more  than  2 to  1 in  oscillator  fre- 
quency, without  resort  to  special 
treatment  of  individual  oscillator 
assemblies,  by  employing  a care- 
fully designed  variable  capacitor 
like  those  shown  in  Fig.  1. 

The  electrical  circuit  of  the  het- 
erodyne oscillator  under  considera- 
tion employed  a conventional  Hart- 
ley oscillator  arrangement,  as  shown 
in  Fig.  2.  The  frequency-determin- 
ing elements  that  are  affected  by 
temperature  are  (1)  the  inductance 
coil  L,  (2)  the  variable  capacitor  C. 
(3)  the  interelectrode  capacitances 
in  the  tube,  its  base,  and  its  socket, 
and  (41  resistance  values,  stray 
capacitances  from  wiring  to 
grounded  chassis,  etc.  The  main 
elements  will  be  treated  separately. 

ladactanc*  Celt 

For  high-frequency  oscillators  to 
cover  a receiver  range  of  from 
about  4 me  to  25  me,  the  coil  nor- 
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wound  on  a form  made  of  insulat- 
ing material.  Except  where  special 
means  are  employed  to  wind  the 
wire  under  tension  and  to  anchor 
both  ends  in  such  a manner  as  to 
retain  this  tension,  the  wire  nor- 
mally will  be  sufficiently  loose  on 
the  form  so  that  its  expansion  and 
contraction  is  essentially  independ- 
ent of  that  of  the  insulating  form. 
1 he  diameter  of  the  copper-wire 
coil  therefore  has  a temperature 
coefficient  of  expansion  of  plus 
14/10*/oC.  The  resultant  variation 
of  inductance  is  plus  28/107°C  and 
that  of  frequency  is  minus  14/10“ 
°C.  Lengthwise  expansion  and 
contraction  of  the  insulating  form 
has  a much  lesser  effect,  and 
ordinarily  may  be  disregarded. 

While  it  is  possible  to  reduce  or 
compensate  the  temperature  coeffi- 
cient of  inductance  of  the  coil  as- 
sembly, such  methods  generally  are 
not  practical  for  quantity  produc- 
tion. They  are  apt  to  be  fussy,  ex- 
pensive, and  none  too  reliable  over 
a long  period  of  time  and  under 
usual  conditions  or  procedures  of 
maintenance  and  repair.  It  there- 
fore seems  preferable  to  make  a 
good  substantial  and  low-loss  coil, 
preferably  on  a ceramic  form,  hav- 
ing a reliably  uniform  and  constant 
temperature  coefficient  of  induc- 


tance. As  stated  above,  that  should 
be  about  28/10V»C,  giving  a fre- 
quency variation  of  minus  14/10' 


Variable  Capacitor 

The  variable  capacitor  is  the  ele- 
ment that  can  be  expected  to  give 
most  of  the  trouble.  Various  types 
tested  have  given  overall  frequency 
variations  vs  temperature  that  vary 
widely  in  magnitude.  In  some  cases 
the  variations  are  plus  and  in  some 
cases  they  are  minus.  The  major 
problem,  therefore,  is  to  obtain  a 
design  of  variable  capacitor  that 
can  be  produced  under  factory  con- 
ditions and  yet  will  have  a uniform 
temperature  coefficient  of  capaci- 
tance of  the  desired  sign  and  mag- 
nitude. 

Instead  of  attempting  to  analyze 
any  specific  type  of  commercially 
available  capacitor  of  conventional 
construction,  let  us  point  out  the 
basic  factors  and  solutions.  Their 
practical  application  will  depend 
upon  the  specific  design  problem  or 
equipment. 

In  Table  I are  listed  approximate 
values  of  the  linear  coefficients  of 
thermal  expansion,  expressed  in 
parts  per  million  per  degree  centi- 
grade, for  various  materials  that 
enter  into  the  construction  of  vari- 
able capacitors. 

Plate  Area  Problem 

The  most  obvious  fact  is  that  the 
area  of  the  interleaved  metal  plates 
of  the  variable  capacitor  will  in- 
crease with  increasing  tempera- 
tures, and  vice  versa.  For  alu- 
minum plates,  the  increase  in  area, 
and  therefore  in  capacitance,  would 
be  approximately  48/107l,C.  This 
would  add  to  the  change  in  oscilla- 
tor frequency  produced  by  the  co- 
efficient of  inductance  of  the  coil. 
Obviously  this  is  not  what  is  needed. 
We  should  have  a capacitor  that 
will  provide  a negative  rather  than 

October  1945  — ELECTRONICS 


Design  of  STABLE 


By  JOHN  B.  MOORE 

RCA  Communications,  Inc 
New  York,  N.  Y. 


Digitized  by  LnOOQle 


HETERODYNE 

OSCILLATORS 


Methods  of  eliminating,  minimizing,  or  compensating  the  temperature-produced  changes 
that  affect  frequency.  Overall  oscillator  stability  of  better  than  10  parts  per  million  per 
degree  C over  a 2-to-l  tuning  range  at  24  me  can  be  obtained  in  production 


a positive  temperature  coefficient  of 
tapacitance.  This  then  will  com- 
pensate for  the  inductance  varia- 
tion. 

Further  inspection  of  the  tabu- 
lated figures  will  show  that  Invar 
—a  special  36  percent  Ni  nickel- 
steel— has  an  almost  negligible  co- 
efficient of  thermal  expansion.  In- 
var, copper-plated  to  provide  good 
electrical  conductivity,  would  seem 
to  be  the  metal  to  use  for  the  plates 
of  the  variable  capacitor.  This  is 
a satisfactory  partial  answer,  pro- 
vided such  copper-plated  Invar 
plates  are  supported  at  essentially 
one  point — as  in  the  rotor  assembly. 
If  supported  at  two  or  more  points 
in  a framework  composed  of  other 
metals  or  of  insulating  materials, 
the  difference  in  coefficients  of  ther- 
mal expansion  will  cause  such 
plates  to  buckle  and  thereby  change 
the  spacing  between,  say,  stator  and 
rotor  plates.  This  buckling  is  very 
slight,  but  we  are  dealing  in  terms 
' of  parts  in  a million.  That  means, 
in  this  case,  millionths  of  an  inch. 

If  we  make  the  rotor  plates  of 
Invar,  and  so  arrange  the  stator 
1 plates  that  their  expansion  toward 
5 central  shaft  is  compensated  by 
i their  being  bodily  shifted  away 
: from  the  central  shaft  because  of 

j [ expansion  of  the  supporting  end 

: I 


plates,  we  find  that  the  area  of  di- 
electric (air)  included  between  the 
interleaved  rotor  and  stator  plates 
then  remains  constant.  The  method 
of  accomplishing  this  will  depend  on 
the  general  mechanical  design  of 
the  variable  capacitor.  Reference  to 
Table  I will  show  that  one  possible 
combination  is  to  have  supporting 
end-plates  of  Isolantite  and  stator 
plates  of  42  percent  Ni  nickel-steel, 
because  these  two  materials  have 
nearly  identical  coefficients  of  ther- 
mal expansion. 

Plate  Spacing  Problem 

We  now  have  an  area  of  active 
air  dielectric  which,  instead  of  vary- 
ing with  temperature,  remains  con- 
stant. This  is  a step  in  the  right 
direction.  But  how  about  the  thick- 
ness of  the  dielectric— the  spacing 
between  rotor  and  stator  plates?  If 
that  varies  in  either  an  undesirable 
or  an  unpredictable  manner  with 
variations  in  temperature,  the  over- 
all temperature  coefficient  of  capaci- 
tance still  will  not  be  what  is  re- 
quired. 

In  order  to  compensate  for  the 
plus  temperature  coefficient  of  in- 
ductance of  the  coil,  the  coefficient 
of  capacitance  of  the  variable  tun- 
ing capacitor  should  be  negative. 
This  can  be  attained  by  mounting 


rotor  plates  and  stator  plates  on,  let 
us  say,  brass  supporting  and  spac- 
ing members.  A built-up  pile  of 
plates  and  spacing  washers  is  un- 
desirable, because  of  the  various 
uncertainties  introduced  by  such  a 
construction.  A preferable  design, 
from  the  viewpoint  of  reliability 
and  reproduceability,  is  one  in 
which  the  plates— Invar  for  rotor 
and  possibly  42  percent  Ni  nickel- 
steel  for  stator— are  soldered  into 
annular  grooves  machined  into  the 
surface  of  the  brass  sleeve  (rotor) 
or  pillar  (stator)  used  as  a sup- 
porting and  spacing  member.  This 
insures  that  the  linear  expansion 
of  the  rotor  assembly  and  of  the 
stator  assembly,  in  the  direction  of 
the  axis  of  the  main  shaft,  will  be 
identical.  Spacing  between  the 
rotor  and  stator  plates  thus  is  main- 
tained uniform,  regardless  of  tem- 
perature variations,  throughout  the 
length  of  the  rotor  and  stator  as- 
sembly. These  brass  supporting 
members  produce  a uniform  linear 
expansion  of  approximately  18/10* 
/»C.  This  uniformly  increases  the 
air  spacing  between  rotor  and 
stator  plates  by  a coefficient  greater 
than  that  of  the  brass  itself,  be- 
cause of  the  lesser  coefficient  of  ex- 
pansion of  the  sheet  stock  of  which 
the  rotor  and  stator  plates  are 
made.  The  net  coefficient  obviously 
depends  upon  the  coefficients  of  the 
several  metals  used,  and  also  upon 
the  ratio  of  metal  plate  thickness 
to  air  gap. 

Example  of  Capacitor  Deilgn 

A numerical  illustration  will  aid 
in  understanding  the  foregoing.  As- 
sume a rotor  plate  of  Invar  having 
a thickness  of  30  mils  (0.030  inch), 
a stator  plate  of  42  percent  Ni 


2 — Hartley  oscillator  arrangement  employed  In  the  heterodyne  oscillato 
under  consideration 
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nickel  steel  having  a thickness  of 
30  mils,  and  an  air  gap  of  40  mils. 
This  gives  a total  spacing  between 
centers,  of  either  rotor  or  stator 
plates,  of  140  mils  (15  plus  40  plus 
30  plus  40  plus  15).  Expansion  of 
the  brass  is  0.140  x 18  x 10"*  inch 
per  degree  C.  Expansion  in  thick- 
ness of  a single  rotor  plate  is  ap- 
proximately 0.030  x 1 x 10'*.  That 
of  a single  stator  plate  is  approxi- 
mately 0.030  x 7 x 10'*  inch  per  de- 
gree C.  The  increase  for  two  air 
gaps  totalling  40  mils  is,  therefore, 
2.52  - (0.08  + 0.21)  or  2.28  x 10"* 
inches  per  degree  C.  This  gives  a 
resultant  coefficient  of  28.5/10*/oC 
instead  of  only  18/10*/°C  which 
might  erroneously  have  been  ex- 
pected. 

The  resulting  thermal  coefficient 
of  capacitance  is  — 28.5/10*/°C. 
Note  that  this  is  almost  numerically 
equal  to  the  thermal  coefficient  of 
inductance  of  the  coil,  but  is  op- 
posite in  sign.  The  two  therefore 
will  compensate  each  other. 

In  order  to  insure  the  above  ac- 
tion, it  is  essential  that  the  uni- 
form linear  expansion  of  rotor 
sleeve  and  stator  pillar  start  from 
a common  reference  point  or  plane. 
If  the  brass  pillars  supporting  the 
stator  plates  start  from  a common 
end  frame  or  insulating  plate,  but 
the  brass  sleeve  carrying  the  rotor 
plates  is  fastened  to  a steel  main 
shaft  by  means  of  a setscrew  located 
about  i inch  from  the  end  frame 
or  insulating  plate,  the  differential 
in  expansion  between  1 inch  of 
brass  (stator  support)  and  i inch 
of  steel  (rotor  shaft)  upsets  mat- 
ters. The  trouble  must  be  rem- 
edied by  the  insertion  of  i inch 
of  steel  in  the  brass  pillars  that 
support  the  stator. 

That  takes  care  of  the  variable 
portion  of  the  tuning  capacitor.  In 
addition,  though,  there  generally 
are  small  fixed  values  of  capaci- 
tance having  both  air  and  solid  di- 
electric. Published  data  show  that 
the  dielectric  constants  of  por- 
celains, Isolantite,  etc,  have  ex- 
tremely high  thermal  coefficients. 
These  may  run  as  high  as  500/10" 
/°C  or  more.  A very  few  micro- 
microfarads of  stray  capacitance 
through  such  a solid  dielectric  can, 
therefore,  introduce  a serious  varia- 
tion at  the  lower  values  of  total 
capacitance  used  at  the  high-fre- 
quency end  of  the  tuning  range. 

118 


1 TABLE  I.  LINEAR 

COEFFICIENTS  OF  1 

THERMAL  EXPANSION 

Material 

Coefficient 

Aluminum 

24/10*/°C 

Brass 

18/10V°C 

Copper 

14/10*/°C 

Invar  (30%  Ni  Steel) 

0.9/t0»/°C 

Isolantite 

7/10*/°C 

Nickel -steel  (42%  Ni) 

7/10»/°C 

Steel 

io/to*/°c 

This  is  most  satisfactorily  taken 
care  of  by  the  addition  of  a small 
fixed  capacitor,  such  as  a Cera- 
micon,  which  will  give  the  re- 
quired micromicrofarads  compensa- 
tion— say  1000  x 10'“— per  degree 
Centigrade. 

It  is  only  by  such  separate  treat- 
ment of  the  variable  and  fixed  por- 
tions of  the  main  tuning  capacitor 
that  the  desired  result  can  be  most 
closely  approximated  in  a consistent 
and  reliable  manner.  It  will  be  ap- 
parent that  a combination  of  pro- 
portional compensation  and  fixed 
compensation — for  the  variable  and 
the  fixed  portions  of  the  total  tun- 
ing capacitance — can  not  provide 
perfect  compensation  of  the  varia- 
tion of  inductance  of  the  coil.  The 
amount  of  fixed  capacitance  com- 
pensation to  be  used,  therefore,  is 
somewhat  of  a compromise.  Actu- 
ally, however,  the  frequency  of  the 
complete  oscillator  can  be  compen- 
sated to  within  a few  parts  per 
million  per  degree  C over  a fre- 
quency range  of  two  to  one. 

Tab*  aid  Mfscellaneoas  Capacitances 

Inter-electrode  capacitances  in 
the  oscillator  tube,  capacitances  in 
tube  base  and  socket,  and  other 
miscellaneous  stray  capacitances  in 
the  oscillator  circuit  and  to  ground 
generally  have  an  overall  tempera- 
ture coefficient  of  capacitance  that 
is  plus  in  sign.  They  therefore  are 
compensated  by  use  of  a small  com- 
pensating capacitance  that  provides 
capacitance  compensation  of  per- 
haps — 1000  x 10'“  a/if  per  degree 
C.  The  value  required  must  be  de- 
termined experimentally  for  any 
particular  design. 

General  Considerations 

General  mechanical  construction 
of  all  components  and  of  the  mount- 
ings and  wiring  must  be  of  good 
design  and  rigidity.  Clearance  be- 
tween high-potential  r-f  points  in 
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the  circuit  and  ground  should  be 
reasonably  large. 

In  special  experimental  assem- 
blies it  has  been  possible  to  obtain 
a temperature  coefficient  of  fre- 
quency of  some  2/10*/*C  or  less, 
over  a frequency  range  of  approxi- 
mately two  to  one  in  the  high-fre- 
quency region  up  to  24  me. 

Production  units  employing  the 
oscillator  design  described  can  be  I 
expected  to  have  temperature  coef-  , 
ficients  of  frequency  that  will  be 
consistently  less  than  10/10*/*C. 

Applications 

In  radio  receiving  equipment  in- 
tended for  commercial  use,  such  as 
in  transoceanic  radiotelegraph  serv- 
ices, the  problem  of  frequency  sta- 
bility is  becoming  of  greater  and 
greater  importance  as  channel 
widths  and  spacings  are  reduced  in 
an  attempt  to  provide  the  large 
number  of  separate  communication 
channels  desired.  In  some  cases, 
crystal  oscillators  have  been  em- 
ployed. These  are,  however,  of  use 
only  for  reception  on  a few  fixed 
frequencies.  Where  it  is  necessary 
to  be  able  to  tune  in  any  one  of  a I 
large  number  of  signals  quickly,  j 
over  a wide  range  of  frequencies, 
the  simplest  solution  appears  to  be 
the  use  of  a highly  stable  oscillator 
of  the  continuously  variable  type. 
It  is  then  that  design  considera- 
tions aimed  at  reducing  the  temper- 
ature coefficient  of  frequency  of  the 
r-f  heterodyne  oscillator  become 
questions  of  major  importance. 

As  an  example,  consider  the  case 
of  operation  at  an  r-f  carrier  fre- 
quency of  10,000  kc  and  with  an  i-f 
pass  band  of  1 kc  total  or  plus  and 
minus  0.5  kc.  If  the  frequency  of 
the  local  heterodyne  oscillator  drifts 
0.5  kc,  which  at  10,000  kc  is  only 
50  parts  per  million,  the  signal  will 
be  at  the  edge  of  the  pass  band  of 
the  receiver.  An  uncompensated 
oscillator  may  easily  drift  this  much 
with  a change  in  ambient  (room) 
temperature  of  only  one  degree  C 
or  approximately  two  degrees  F.  A 
well-constructed  oscillator  having  a 
low  temperature  coefficient  of  fre- 
quency will,  however,  permit  of  five 
to  ten  times  as  great  a change  in  the 
ambient  temperature.  It  therefore 
will  take  care  of  the  temperature 
variations  normally  expected  in  any 
installation  at  which  operating  per- 
sonnel are  in  attendance. 
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AUTOMATIC 

FADER 

By  DAN  HUNTER  ««* •MSSS&T cVMAL 


REMOTE 

LINE 

REGULAR 

NEMO 

RELAY 

FADE 

OUTPUT 

RELAY 

FADE  KEY 

1 L 

AND  TALLY 

NEMO  TALLY 


ANNOUNCE  TALLY 


FIG.  2 — Essential  elements  oi  the  auto- 
matic iader  system 


The  device  to  be  described  auto- 
matically fades  a program 
either  completely  or  partially  in  or 
out,  at  predetermined  rates,  with- 
■ out  the  use  of  motors.  The  only 
- moving  parts  consist  of  three  re- 
- lays,  and  individual  fade-in  and 
fade-out  timing  is  easily  adjusted. 

The  automatic  fader  is  used  to 
fade  the  nemo,  a remote  or  net* 

- work  program  for  a local  broadcast, 
or  to  join  a remote  or  network 
- program  already  under  way.  In  the 
' studio,  it  is  also  convenient  for  an- 
- nouncing  a remote  program.  These 
operations  involve  strict  coopera- 
tion between  the  master-control 
- operator  and  the  announcer  unless 
the  program  is  routed  through  a 
studio  having  a studio  operator. 
This  close  cooperation  demands  the 
type  of  attention  very  difficult  to 
achieve  in  any  master  control. 

Circuit 

The  automatic  fader  was  designed 
to  operate  from  the  nemo  and  an- 
nounce tally  lights  plus  an  installed 
fade  key  and  tally.  As  shown  in 
fi?.  1,  the  fader  is  essentially  an 
amplifier  adjusted  for  zero  gain, 
with  time-delayed  bias  for  control. 


The  amplifier  tube  is  biased  to  cut- 
off for  complete  fade-out,  at  an  in- 
termediate point  for  partial  fade- 
out  or  in,  and  normal  for  complete 
fade-in.  The  bias  is  obtained  from 
the  two  potentiometers  in  the 
bleeder  circuit. 

Two  variable  timing  controls  are 
included  (slotted  shaft  for  screw- 
driver adjustment),  one  for  com- 
plete fadeout  and  one  for  complete 
fade-in.  Timing  of  a complete  fade 
is  adjustable  from  1 to  fifteen  sec- 
onds. The  timing  for  the  back- 
ground level  or  partial  fade  is  fixed 
at  approximately  two  seconds. 

The  6C5  is  operated  at  a plate 
current  of  0.5  to  0.6  ma  to  obtain  a 
smooth  fade.  This  quiescent  point 
places  the  operation  of  the  tube 
slightly  above  the  point  where  the 
amplification  begins  to  vary.  This 
imposes  a definite  limitation  on  the 
maximum  permissible  input  level 
at  which  the  fader  may  be  operated 
without  distortion.  The  input  is 
10,000  ohms  bridging,  while  the 
output  is  500  ohms.  The  fader  and 
its  power  supply  were  mounted  on 
3.5-in.  rack-mounting  panels. 

At  WMAL,  the  fader  is  in  the 


diagram  of  Fig.  2.  The  input  of 
the  fader  is  bridged  across  the  nemo 
line  and  the  fade  relay  switches 
either  the  nemo  or  the  fader  to  feed 
the  equipment.  This  switching  can 
be  done  any  time  during  a program 
provided  a relay  with  grounding  re- 
sistors is  used.  At  WMAL  an  Auto- 
matic Electric  relay  is  used,  with 
50,000-ohm  resistors  from  all  con- 
tacts to  ground. 

The  relay  L- 2 which  gives  com- 
plete fades  obtains  its  battery  from 
the  nemo  tally  light.  This  was  done 
so  that  the  fader  would  always  be 
ready  to  perform.  If  the  nemo  is 
down,  the  fader  is  ready  to  fade  in 
and  vice  versa. 

The  partial  fade  or  background- 
level  relay  Ln  connects  to  the  bat- 
tery supplying  the  announce  tally 
through  a contact  on  relay  L*  This 
allows  a background  level  only  when 
both  announce  and  nemo  are  set  up. 
Since  the  tally  lights  and  set-up 
buttons  are  on  the  announcers 
switching,  console,  (delite),  the 
fade  key  and  tally  were  also  placed 
on  the  delite.  This  enables  the  an- 
nouncer to  completely  fade  in  or 
out  a program  or  announce  over  a 
background  level  without  an  op- 
erator. 

Operation 

If  a fade  is  desired,  the  fade  key 
is  turned  on;  the  fade  tally  gives 
indication.  When  nemo  is  released, 
the  program  is  faded  out,  or  if 
nemo  is  set  up,  the  program  is 
faded  in.  If  announce  is  set  up  at 
the  same  time,  then  the  program  is 
either  faded  in  or  out  but  to  a back- 
ground level. 

It  was  found  that  a partial  fade 
of  10  db  of  tone  (500  cycles)  gave  a 
good  background  level.  The  level  is 
adjustable  to  -58  db  when  using 
the  circuit  shown  in  Fig.  1. 


nemo  circuit,  as  shown  in  the  block 


fl®.  I — Vacuum-tube  circuit  ior  complete  or  partial  automatic  iodine  oi  program* 
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Propagation  characteristics  of  the  super  high  frequencies  are  ideally  suitable  for  short* 
range  communications  services.  Systems  can  effectively  use  highly  directional  antennas  -sti 
and  low  power.  Stability  may  be  as  good  as  in  any  other  part  of  the  radio  spectrum.  ™ 
Transmitter  and  receiver  design  is  discussed  i 


The  wab  stimulated  radio  prog- 
gress  to  such  an  extent  that 
many  new  communications  services 
are  on  the  verge  of  becoming  a com- 
mercial reality.  A large  number  of 
applications  will  involve  short-haul 
or  Iine-of-sight  distances.  It  is  con- 
ceivable that  there  might  be 
thousands  of  microwave  links 
within  a small  area,  such  as  a 
county.  To  prevent  interference 
with  each  other,  as  well  as  with 
other  services,  the  correct  use  of 
frequencies  is  as  important  as  the 
proper  design  of  circuits  used  in 
the  new  equipment 
Recent  electronic  developments  in 
the  ultra  high  frequency  (uhf)  and 
super  high  frequency  (shf)  regions 
have  provided  sufficient  technical 
progress  to  open  up  these  bands  for 
practical  use.  In  the  past,  most 
equipment  which  operated  at  such 
high  frequencies  was  considered 
experimental  and  was  often  crudely 
built  and  difficult  to  adjust.  Mod- 
ern equipment  designed  for  the 
microwaves  is  ruggedly  con- 
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structed,  easy  to  adjust,  and  uti- 
lizes circuits  which  perform  favor- 
ably by  comparison  with  those  used 
in  lower  frequency  apparatus. 

When  studying  channel  space 
available  for  the  new  services  it  is 
interesting  to  examine  Fig.  1A. 
This  chart  of  the  radio  frequency 
spectrum  was  drawn  on  a logarith- 
mic basis.  Plotting  in  this  manner 
provides  a convenient  way  of  visual- 
izing all  channels  with  equal  clar- 
ity, but  it  does  not  present  an  ade- 
quate picture  of  the  tremendous 
portion  of  the  spectrum  which  has 
been  made  available  by  recent 
microwave  developments.  In  Fig. 
IB  the  same  amount  of  spectrum 
has  been  replotted  on  a linear  basis 
and  it  is  immediately  apparent  that 
the  new  high  frequency  regions 
represent  the  major  portion  of  the 
spectrum. 

At  first  glance  it  might  appear 


that  such  an  expanse  of  new  fre- 
quencies will  provide  sufficient 
space  for  all  the  channels  which 
might  be  required  for  many  years 
to  come,  especially  for  line-of-sight 
transmissions.  This  may  be  true  if 
the  new  bands  are  properly  uti- 
lized. It  must  be  remembered,  how-  ! 
ever,  that  many  of  the  services  to 
be  operating  in  the  uhf  and  shf 
bands  will  require  wide  band- 
widths,  possibly  in  the  order  of  20 
megacycles  or  more.  It  only  takes 
50  of  these  20-megacycle  channels 
to  fill  a 1000-megacycle  block  of 
frequencies,  and  there  are  not  too 
many  of  these  blocks  available. 

Fortunately,  such  short  wave- 
lengths allow  the  use  of  mechan- 
ically practical  antenna  structures 
that  provide  sharply  directional 
beams  for  point-to-point  communi- 
cations and  relay  links,  and  mini- 
mize interference  with  other  serv- 
ices outside  the  coverage  area  of 
the  beamed  radiation.  This  direc- 
tivity together  with  freedom  from 
ntmrwmViprii*  interference  allows  the 
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FIG.  1 — (A)  The  radio  spectrum,  plotted  os  a logarithmic  basis,  presents  an  Inadequate  picture  of  the  space  available  In  the 
microwave  region  lor  postwar  development.  (B)  When  the  spectrum  Is  plotted  linearly  the  importance  of  the  super  high 

frequencies  becomes  at  once  apparent 
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use  of  surprisingly  low  transmitter 
powers  to  accomplish  reliable  com- 
munication. 

Services  which  can  take  advan- 
tage of  this  type  of  communication 
might  include  the  following:  pro- 
gram relay  links,  pickup-to-studio 
circuits,  railroad  communications, 
emergency  short  range  services, 
aircraft  aids  to  navigation,  and 
domestic  airport  traffic  control,  just 
to  mention  a few. 

Seaeral  Considerations 

Adjacent  fixed  station  micro- 
wave  systems  can  use  the  same 
frequency  bands  in  many  instances 
by  taking  advantage  of  the  fact 
that  even  radiation  having  a low 
vertical  angle  is  eventually  lost  in 
space,  passing  through  the  iono- 
sphere region  rather  than  being  re- 
flected back  to  earth.  This  condi- 
tion is  illustrated  in  Fig.  2A.  No- 
tice that  the  beams  of  adjacent  sta- 
tions in  the  two  separate  systems 
A and  B.  pass  over  each  other, 
and  that  the  systems  therefore  do 
not  interfere.  If  directivity  is  used 
in  the  horizontal  plane,  as  shown  in 
Fig.  2B,  many  systems  such  as 
those  represented  at  C,  D and  E 
may  be  located  in  the  same  area 
without  causing  interference  to 
each  other.  For  simplicity  of  illus- 
tration one-way  systems  are  shown. 
Two-way  systems  are  obviously 
equally  practical. 

While  ground  stations  cannot  re- 
ceive radiation  passing  over  them, 
aircraft  in  the  vicinity  will  be  sub- 
ject to  interference.  If  many 
Around  installations  are  in  opera- 
tion, aircraft  will  be  in  a beam 
from  some  station  nearly  all  the 
time.  Consequently,  the  frequen- 
cies used  for  aviation  services 
should  be  removed  from  those  used 
hy  point-to-point  ground  systems. 
Airplane-to-ground  communications 
will  require  special  consideration. 
With  a large  number  of  airports  in 
the  same  vicinity  it  is  quite  neces- 
swy,  unlike  point-to-point  ground 
services,  that  they  operate  on  dif- 
ferent channels.  Aircraft  flying  at 
high  altitudes  will  be  exposed  to 


radiation  from  airports,  other  air- 
craft, weather  stations,  aids  to  nav- 
igation, and  possibly  other  ground 
services.  To  be  certain  that  micro- 
wave  equipment  carried  in  the  air- 
plane is  receiving  the  desired  sig- 
nals, and  not  unwanted  radiations, 
many  frequency  channels  will  have 
to  be  provided.  From  60  to  100 
closely  spaced  aircraft  channels  may 
be  the  common  thing  a few  years 
hence,  especially  on  airplanes  fly- 
ing the  international  routes. 

Realizing  these  facts,  it  becomes 
apparent  that  the  tremendous  fre- 
quency band  occupied  by  the  new 
wavelengths  will  not  provide  an  un- 
limited number  of  channels  even  if 
many  communication  systems  are 
sharply  beamed.  However,  by  em- 
ploying frequency  stability  toler- 
ances which  are  comparable  to  those 
used  on  the  lower  frequency  bands, 
channels  can  be  placed  close  enough 
together  so  that  none  of  the  spec- 
trum is  wasted.  Techniques  are  now 
available  whereby  stability  on  the 
microwave  bands  can  be  as  good 
as  that  in  any  other  part  of  the 
radio  spectrum. 

Transmitter  Power 

Electromagnetic  energy  radiating 
from  a point  source  in  space  pro- 
duces a power  per  unit  solid  angle 

v'du  “ ^ watts  (1) 

where  P is  the  total  power  radi- 
ated, from  the  point  source.  How- 
ever, since  dipoles  are  generally 
used  as  the  standard  of  comparison, 
the  radiated  power  from  a dipole  in 
the  direction  of  a receiver  which 
lies  in  a plane  perpendicular  to  and 
centered  upon  the  dipole  is  given  by 

m watts  per  unit  solid  angle  (2) 

r 8 T 

where  the  increase  of  S/2  is  due  to 
the  directional  characteristics  of 
the  dipole. 

Since  the  equivalent  area  of  a 
dipole1  is  given  by 


it  is  capable  of  absorbing  an 


FIG.  2 — (A)  Because  the  microwaves  nor- 
mally penetrate  the  ionosphere  and  are 
lost  beyond  it  and  are  not  reflected  back 
to  earth,  transmissions  between  the  two 
stations  in  system  A and  the  two  stations 
in  system  B will  not  ordinarily  cause 
mutual  interference.  (B)  Transmissions 
sharply  beamed  in  the  horlsontal  plane 
permit  the  operation  oi  a plurality  of 
adjacent  stations  such  as  those  constitut- 
ing systems  C.  D and  E.  without  mutual 
interference 


DIPOLE  TO  DIPOLE 


PARABOLA  TO  DIPOLE 


4720  MILES 


PARABOLA  TO  PARABOLA 


PIG  3 — Theoretical  distances  which  may 
be  covered  by  point-to-point  microwave 
systems  using  various  transmitting  and 
receiving  antenna  combinations  are  shown 
In  mUos.  In  aU  throe  cases  illustrated 
transmitter  power  is  0.1  watt  wavelength 
is  10  cm.  transmlted  bandwidth  is  200  kc. 
and  the  receiver  noise  figure  ta  15  db  or 
31.6-to-l  on  a power  basis.  Parabola  area 
is  6000  square  centimeters,  giving  an 
effective  power  gain  of  325 
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HG.  4— (A)  Stability  expressed  as  a percentage  of  carrier  frequency,  showing  how 
10-kc  latitude  which  might  represent  a standard  for  an  f-m  system  operating  on 
1000  me  would  be  difficult  if  not  impossible  to  achieve  in  connection  with  a tele* 
tf®l*mit1er  operating  on  the  same  frequency  but  requiring  greater  band- 
width. (B)  Stability  expressed  as  a percentage  of  bandwidth,  illustrating  the 
practicability  of  standards  based  upon  such  a scheme 


amount  p,  of  the  radiated  power 
per  unit  solid  angle  at  a distance  r, 
and  is  given  by 


Pr 


3 P 3x* 
Sr  X 8x 


XI 

x r> 


’ 31»  PX* 
,8rJ  r5 


watts  (4) 


where  both  X and  r are  given  in 
centimeters.  This  equation  gives 
the  energy  at  a distant  receiver 
for  a system  using  dipoles  for 
transmitting  and  receiving. 

If  a directional  antenna  such  as  a 
parabola  is  used  at  one  end,  the 
energy  at  the  receiver  is  increased 
directly  by  the  effective  power  gain 
of  the  directional  antenna  used. 
The  power  gain  of  a parabolic  an- 
tenna is  the  ratio  of  the  effective 
absorbing  area  of  the  parabola  to 
that  of  a dipole,  and  is  given  by 


0 - 0.65i4/(3X*/8r)  - A X 0.65  (5) 

where  A is  the  mouth  area  in 
square  centimeters,  X is  the  wave- 
length in  centimeters,  and  0.65  is 
an  empirical  factor  related  to  non- 
uniform  illumination  of  the  para- 
bolic surface  by  the  dipole.  The 
energy  at  the  receiver  is  now  in- 
creased by  this  gain  figure  and  is 

“ 0.0775  ££  watts  (6) 

With  a parabola  at  each  end  of 
the  system,  the  ability  to  concen- 
trate the  energy  in  the  desired  di- 
rection is  further  enhanced,  and 
the  receiver  power  then  becomes 

p,-  [0.0775^]  X [|| X 0.65]  = 

°-423^f;watt8  (7) 


In  all  of  the  above  cases  the 
transmission  was  assumed  to  be 
through  free  space,  without  any 
nearby  objects  to  disturb  the  path 
of  the  radiated  energy.  In  appli- 
cations such  as  point-to-point  fixed 
systems  this  ideal  condition  will  not 
be  realized.  A scattering  effect 
caused  by  the  energy  passing  over 
the  ground  at  grazing  incidence 
will  reduce  the  signal  at  the  re- 
ceiver. Scattering  caused  by  trees, 
houses,  and  other  objects  may  be 
appreciable,  and  should  be  tuVan 
into  account  when  determining 
transmitter  powers  for  such  propa- 
gation conditions. 

For  a receiver  signal-to-noise 
ratio  equal  to  unity,  the  available 
signal  power  at  the  receiver  should 
be  equal  to  the  theoretical  noise 
power  of  the  receiver  times  its 
noise  figure.  The  noise  figure  is 
defined’  as  the  ratio  of  the  avail- 
able signal-to-noise  ratio  at  the  sig- 
nal source  terminals  to  the  avail- 
able signal-to-noise  ratio  at  the  re- 
ceiver output  terminals. 
r = (Si/KTBmS./N.)  - (3,/KTB) 

( IV  #/ o#) 

where  K = 1.38  x 10**  joules  per  degree 
Kelvin 

T = 300  degrees  Kelvin 
B = effective  bandwidth  in  cycles  per 
second 

F = noise  figure  of  the  receiver 
s<  " available  signal  power  at  signal 
source  terminals  (antenna 
matched) 

*8.  » available  signal  power  at  re- 
ceiver output 

<V#  = available  noise  power  at  re- 
ceiver output 

Solving  for  the  available  signal 
power  at  the  signal  source  (an- 
tenna) terminals,  gives 


Q 

Si  — -jp-  FKTB  watts  (9) 

To  make  the  signal-to-noise  ratio 
at  the  output  equal  to  unity,  the 
available  signal  power  delivered  by 
the  receiving  antenna  circuit  must 
be  equal  to 


Si  = F KTB  watts  for  „ i (jq) 

Now  let  us  compare  the  range  of 
several  systems  in  which  the  an- 
tenna power,  transmitted  band- 
width, and  noise  figure  are  the 
same  but  the  antennas  used  are 
different,  as  illustrated  in  Fig.  3. 
It  will  be  assumed  that  the  trans- 
mission is  over  a line-of-sight  path 
without  grazing  incidence.  The  fol- 
lowing conditions  will  be  alike  in 
each  case: 

P — 0.1  watt  transmitter  power 
B — 200  kilocycles  transmitted  ^bandwidth 
F « 15  db  =>  31.6  to  1 (on  power  baas) 

X =»  10  centimeter  wavelength  *>  3000  me 
A “ 6000  square  centimeters,  parabola 
area  to  give  an  effective  power  gain  of 
about  325 

For  a system  using  a dipole  at 
each  end,  Eq.  (4)  equals  Eq.  (10) 
for  maximum  range. 


[3  -I » p\« 

gM  - FKTB  - 2.61 1 10  “ 

■-EJ. 


p\ ' 
FKTB 
r*  - 5.44  x 10“ 
r - 2.33  x 10'  cm  - 


(0.0142) 


(0.1)  (100) 
2.61  x 10-“ 


14.5  miles  range 


For  a system  using  a parabola 
at  one  end  and  a dipole  at  the  other, 
Eq.  (6)  equals  Eq.  (10)  for  maxi- 
mum range. 


Pmin 


• 0.0775  - 


j PA  (0.1)6000 

^ ~ 0 0778  FKTB  ~ 0 0775  2.61  x 10~ 
f*  =•  17.85  x 10“ 

r — 4.20  x 107  cm  = 261  miles  range 


For  a system  using  a parabola 
at  each  end,  Eq.  (7)  equals  Eq. 
(10)  for  maximum  range. 


P, i»  = 0.422  = FKTB  = 2.61  x 10'“ 

n ,oo  PA'  (0.422)  (0.1)  (6000)' 
~ X»  FKTB  = (10>)  2.61  x 10  “ 
r>  = 0.582  x 10“ 

r = 0.761  x 10s  cm  = 4720  miles  range 


The  use  of  parabolas  increases 
the  system  range  by  the  squafe 
root  of  the  product  of  the  effective 
antenna  gains  at  each  end.  The 
4720  mile  range  of  the  last  calcu- 
lation is  used  for  illustration  pur- 
poses only,  and  is  obviously  not 
realizable  on  the  surface  of  the 
earth. 

Frequency  stability  can  be  de- 
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FIG.  B — Block  diagram  oi  a microwave  transmitter  employing  a crystal  oscillator 
for  frequency  control,  a conventional  doubler  and  trlplera,  a klystron  providing  a 
multiplication  factor  of  II  In  one  tube,  and  a power  ampller.  If  the  oscillator 
operated  at  5 me  the  final  output  oi  the  transmitter  would  be  2970  me 


fined  as  the  amount  of  random  fre- 
quency variation  in  an  unmodulated 
i carrier,  compared  to  the  carrier 
, frequency  on  a percentage  basis. 
I,  Since  the  various  radio  services 
t such  as  television,  f-m  and  a-m 
broadcasting,  and  telegraph,  re- 
quire widely  different  bandwidths 
I for  the  transmission  of  their  in- 
telligence, it  seems  reasonable  that 
pi  they  should  require  different  car- 
i»  rier  frequency  stabilities  also. 

* Consider  a television  channel  five 
i:  megacycles  wide  and  an  f-m  chan- 

nel 200  kilocycles  wide.  If  both  of 
i these  services  had  the  same  stabil- 
- ity,  it  would  probably  be  the  nar- 
; rower  of  the  two  which  would  de- 
termine what  the  stability  should 
be.  Suppose  the  allowable  carrier 
drift  of  the  f-m  channel  was  ct  10 
kilocycles.  It  would  be  folly  to  ex- 
pect the  television  people  to  keep 
their  transmitter  carrier  to  within 


=<=  10  kilocycles,  as  indicated  in 
Fig.  4A,  when  their  receiver  band- 
widths  vary  more  than  that  in  pro- 
duction. A more  logical  way  of 
assigning  a stability  figure  to  a 


given  service  would  be  to  base  the 
allowable  random  carrier  variation 
upon  a certain  percentage  of  the 
transmitted  bandwidth.  For  exam- 
ple, if  the  stability  figure  in  the 
above  illustration  was  5 percent 
of  the  bandwidth,  then  the  f-m  car- 
rier would  have  to  be  maintained 
within  =t  10  kilocycles,  as  before, 
Lut  the  television  carrier  would  be 
allowed  a =t  250  kilocycle  drift,  as 
shown  in  Fig.  4B. 

Equipment  operating  in  the 
microwave  bands  can  have  a fre- 
quency stability  as  good  as  that 
obtainable  on  the  lower  frequency 
bands,  with  0.001  percent  not  too 
difficult.  Crystal  control  is  com- 
monly used,  with  the  oscillator 
operating  at  a frequency  of  several 
megacycles,  followed  by  a series  of 
frequency  multiplier  stages.  The 
stability  of  the  carrier  is  that  of 
the  crystal  oscillator  multiplied  by 
the  factor  required  to  increase  the 
crystal  frequency  up  to  the  micro- 
waves.  The  nomograph  in  Fig.  5 
provides  a convenient  means  of  de- 
termining microwave  frequency 
shifts  caused  by  small  frequency 
changes  in  the  low  frequency  oscil- 
lator. 

Commercial  AT-cut  crystals  in 
temperature-controlled  ovens  have 
been  used  in  many  oscillators  to 
furnish  a stable  driving  source  for 
the  multiplier  chain.  Usually  the 
multiplying  stages  are  doublers  and 
triplers,  although  quintupling  has 
been  used  successfully.  As  the 
stages  approach  the  ultra  high 
frequencies  the  tank  circuits  change 
from  coils  and  capacitors  to  res- 
onant lines  in  various  forms.  These 
give  way  to  resonant  enclosures  or 
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‘ Chart  useful  in  determining  the  amount  oi  carrier  shift  caused  by  a shift 
n e frequency  of  an  oscillator,  where  the  microwave  transmitter  employs  a 
frequency  multiplier  chain.  An  example  is  given 
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cavities  at  the  super-high  fre- 
quencies. If  the  signal  is  of  too 
low  power  at  the  carrier  frequency 
it  is  frequently  amplified  to  usable 
levels  with  tubes,  such  as  klystrons, 
employing  the  velocity  modulation 
principle. 

Although  crystal  control'  has 
been  considered  the  best  means  of 
obtaining  a stable  carrier  at  con- 
ventional frequencies  it  is  having 
considerable  competition  from  vari- 
ous automatic  frequency  control 
(afc)  systems  used  for  stabilizing 
microwave  oscillators.  Stabilities 
comparable  to  that  obtained  from 
a crystal-controlled  multiplier  chain 
can  be  had  from  a correctly  de- 
signed afc  unit. 

At  conventional  frequencies  it  is 
possible,  by  comparing  the’ phase  of 
the  amplitude  modulated  output 
from  a resonant  circuit  with  the 
original  frequency  modulating  sig- 
nal, to  obtain  a correction  voltage 
which  can  be  used  to  adjust  the 
system  so  that  the  carrier  and  the 
resonant-circuit  frequencies  coin- 
cide. A similar  afc  scheme  can  be 
used  on  the  microwaves,  employing 
a resonant  cavity  as  the  tuned  cir- 
cuit. By  making  the  resonator 
tunable,  the  microwave  oscillator 
can  be  automatically  stabilized  on 
any  frequency  within  this  tunable 
band.  This  is  advantageous  because 
of  the  fact  that  in  crystal  control 
systems  the  complete  multiplier 
chain  must  be  retuned  if  the  car- 
rier frequency  shift  is  large  com- 
pared to  the  bandwidth  of  the  res- 
onant circuits. 


Other  low-frequency  afc  tech- 
niques can  also  be  applied  to  micro- 
wave  apparatus.  For  example,  the 
variable-magnitude  reversible-pol- 
arity voltage  from  a receiver  dis- 
criminator can  be  used  to  keep  a 
microwave  local  oscillator  in  track 
with  an  incoming  signal.  This  is 
similar  to  the  system  used  in  some 
broadcast  receivers. 

Traasnlttor  Design  Considerations 

To  illustrate  what  is  possible  in 
modern  microwave  transmitter  de- 
signs it  is  worthwhile  to  consider 
a general  example,  and  to  show  how 
crystal  control  and  afc  compare  for 
the  job.  Suppose  it  is  desired  to 
build  a single  channel  f-m  trans- 
mitter capable  of  a frequency  devi- 
ation of  ± 75  kilocycles  and  a fre- 
quency stability  of  0.001  percent, 
with  a carrier  power  of  a few  watts 
in  the  10-cm  microwave  region.  In 
this  discussion  it  will  be  assumed 
that  any  detuning  effects  in  the 
resonator  and  line  circuits  due  to 
ambient  temperature  changes  have 
been  corrected  by  proper  tempera- 
ture-controlling means. 

In  Fig.  6 is  shown  a block  dia- 
gram of  a crystal  controlled  multi- 
plier chain,  in  which  conventional 
high-frequency  doublers  and  trip- 
lers  driven  by  a 5-megacycle  crys- 
tal oscillator  supply  power  to  the 
input  resonator  of  a velocity-modu- 
lation frequency  multiplier.  The 
output  resonator  of  the  multiplier 
is  tuned  to  the  eleventh  harmonic 
of  the  tube’s  input  frequency,  thus 
providing  a convenient  means  of 


obtaining  an  eleven-to-one  fre- 
quency multiplication  in  one  tube. 
Other  multiplying  values  could  be 
obtained  by  changing  the  ratio  of 
the  resonant  frequencies  of  the 
output  to  input  cavities.  A two- 
stage  cascade  power-amplifier  kly- 
stron is  then  used  to  raise  the  level 
from  a few  milliwatts  to  several 
watts  output.  The  amplifier  has  a 
power  gain  of  about  1000. 

To  maintain  a microwave  carrier 
frequency  stability  of  =t  0.001  per- 
cent the  crystal  oscillator  frequency 
must  not  deviate  more  than  ± 0.001 
percent.  To  accomplish  this  the 
plate  and  screen  voltages  on  the 
crystal  oscillator  are  kept  low  and 
are  maintained  at  a constant  po- 
tential by  means  of  a gas  tube  or 
an  electronic  regulator.  With  mod- 
ern crystal  ovens  capable  of  holding 
their  temperature  constant  to  bet- 
ter than  one  degree  Centigrade 
throughout  the  ambient  tempera- 
ture ranges  encountered  in  prac- 
tice, it  is  possible  to  limit  an  AT- 
cut  crystal  to  only  a few  cycles 
drift.  To  keep  a well  designed  crys- 
tal oscillator  operating  in  the  five- 
megacycle  range  on  frequency  to 
better  than  ± 50  cycles  (0.001  per- 
cent) is  not  difficult  as  this  is  only 
one  part  in  10*. 

Modulation  of  the  transmitter 
unit  can  be  accomplished  in  a num- 
ber of  ways.  For  example,  phase 
modulation  of  any  of  the  multi- 
plier stages  is  possible,  as  well  as 
phase  modulation  of  the  amplifier. 
Frequency  modulation  of  the  crys- 
tal oscillator  can  also  be  used  with 


tl 
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FIG.  7 — Transmitter  employing  automatic  frequency  control  of 
a modulated  oscillator  to  achieve  stability.  Here  a low-power 
crystal-controlled  multiplier  chain  is  used  as  the  standard 


FIG.  8 — Modulated  oscillator  employing  a temperature-com- 
pensated cavity  resonator  as  a resonant-circuit  standard  for 
the  automatic  frequency  control  system 


124 


October  1945  — ELECTRONICS 


Digitized  by  LnOOQle 


success,  even  though  the  fre- 
quency deviations  available  from 
such  an  arrangement  are  quite 
small.  The  high  multiplication  fac- 
tor between  the  crystal  and  carrier 
frequencies  (594  for  the  above  ex- 
, ample)  increases  any  oscillator 
: deviations  into  carrier  swings  of 
considerable  amounts.  This  is  also 
the  reason  that  good  carrier  sta- 
; bility  is  required  in  systems  using 
j relatively  narrow  band  transmis- 
, sion. 

| AFC  System 

• j 

With  automatic  frequency  control 
it  is  possible  to  stabilize  a power- 
ful velocity  modulation  type  of 
oscillator  tube  operating  in  the 
! desired  microwave  band  or  to  con- 
: trol  a low  power  microwave  oscil- 
lator and  then  follow  it  with  a cas- 
cade power  amplifier.  In  either  case 
it  is  necessary  to  have  a source 
of  frequency  reference  to  use  as 
the  standard  of  comparison.  This 
frequency  standard  can  be  either  a 
compact  crystal-controlled  source 
such  as  the  multiplier  chain  de- 
scribed earlier  or  a temperature- 
stabilized  resonant  cavity  tuned  to 
the  transmitter  frequency.  The 
basic  principle  involved  in  applying 
automatic  frequency  control  is  the 
same  regardless  of  the  type  of 
- standard  used.  The  frequency  of 
the  transmitter  is  compared  to  the 
known  standard  frequency.  Any 
' random  carrier  shift  is  detected  in 
i • the  comparison  circuit,  and  the  re- 
sulting signal  is  used  to  apply  a 
tuning  correction  to  bring  the  car- 
rier back  into  step  with  the  stand- 
ard. The  loop  gain  and  the  band- 
" width  of  the  feedback  control  cir- 
cuit determine  how  closely  the  car- 
rier will  be  held  to  the  standard. 

Figure  7 shows  a block  diagram 
of  an  automatic  frequency  control 
system  using  a low-power  crystal- 
controlled  frequency  multiplier 
ohain  as  the  standard.  The  purpose 
* of  such  an  arrangement  is  to  pro- 
vide a stable  high-power  transmit- 
ter in  the  absence  of  a suitable 
microwave  power  amplifier  to  fol- 
low the  multiplier  chain.  In  the 
diagram  it  will  be  noticed  that  the 
frequency  of  the  standard  is  dif- 
ferent from  the  transmitter  fre- 
quency by  an  amount  required  to 
> Produce  a convenient  intermediate 

* frequency  signal,  which  is  gener- 
' ated  in  a suitable  mixer.  The  i-f 


amplifier  has  sufficient  gain  to 
operate  a frequency  discriminator 
of  conventional  design,  similar  to 
those  used  in  current  f-m  practice. 
The  bandwidth  of  the  amplifier 
should  be  sufficient  to  allow  the 
system  to  lock-in  without  too  much 
searching.  If  the  bandwidth  is  too 
wide,  tightness  of  frequency  con- 
trol will  be  sacrificed,  and  if  it  is 
too  narrow,  fast  deviations  will  not 
be  corrected,  so  a compromise  solu- 
tion is  needed  which  depends  upon 
the  requirements  imposed  upon  the 
transmitter  itself.  Schemes  can  be 
devised  to  provide  a wide  pull-in 
range  and  a tight  hold-in  range  si- 
multaneously. The  signal  from  the 
discriminator  is  a d-c  potential 
whose  magnitude  and  polarity  de- 
pend upon  how  far  the  transmitter 
frequency  has  drifted,  and  in  which 
direction.  This  variable-magnitude 
reversible-polarity  voltage  can  then 
be  used  to  control  either  a two- 
phase  tuning  motor,  or  the  electri- 
cal power  in  any  other  electro- 
mechanical device,  or  can  be  ap- 
plied through  suitable  amplifiers 
directly  to  an  electrode  in  the  trans- 
mitting tube  which  is  frequency 
sensitive  to  voltage.  The  various 
tuning  means  can  be  used  alone  or 
in  combination  with  one  another. 

Another  method  of  obtaining  au- 
tomatic frequency  control  is  to  use 
a temperature-compensated  cavity 
resonator  rather  than  a crystal  as 
the  standard  resonant  circuit  for 
frequency  reference,  as  illustrated 
in  the  block  diagram  of  Fig.  8.  This 
circuit  is  used  to  obtain  correction 
signals  in  a manner  similar  to  the 
low  frequency  technique  mentioned 
earlier.  The  standard  resonant  cir- 
cuit is  tuned  to  the  frequency  of 
the  microwave  oscillator,  and  the 
resonance  curve  of  the  cavity  to- 
gether with  an  amplitude  detector 
as  its  load  are  used  to  convert  trans- 
mitter frequency  shifts  into  cor- 
responding amplitude  changes. 

For  purposes  of  illustration,  as- 
sume that  the  transmitting  micro- 
wave  oscillator  is  frequency  modu- 
lated with  frequency  F.  If  the 
transmitter  is  exactly  in  tune  with 
the  resonant. cavity,  the  frequency 
modulation  will  be  converted  into 
amplitude  modulation  of  frequency 
2 F as  shown  in  Fig.  9A.  This  is 
true  since  a half-cycle  carrier  swing 
allows  the  signal  amplitude  to  in- 
crease and  then  decrease  again  to 


its  original  value,  hence  one  a-m 
cycle  is  produced  during  each  half 
cycle  of  f-m  caused  by  the  modulat- 
ing frequency  F.  Should  the  trans- 
mitter be  slightly  out  of  tune  with 
the  resonant  circuit,  the  amplitude 
modulation  output  will  be  predom- 
inantly of  fundamental  frequency 
F and  in  phase  with  the  modulat- 
ing signal  F when  the  carrier  has 
shifted  to  one  side  as  shown  in 
Fig.  9B.  The  amplitude  modulation 
output  will  be  180  degrees  out  of 
phase.  Fig.  9C,  when  the  carrier 
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shift  is  in  the  other  direction.  It 
is  this  180-degree  phase  shift 
which,  when  compared  to  the  phase 
of  the  original  modulating  signal, 
provides  the  sensing  for  the  con- 
trol circuit  in  this  type  of  afc  sys- 
tem. The  phase  detector  produces 
a voltage  whose  magnitude  and 
polarity  depends  upon  how  far  and 
in  which  direction  the  carrier  has 
drifted.  This  control  voltage  is 
then  used  to  tune  the  transmitter. 

Perhaps  the  simplest  type  of  afc 
transmitter  would  use  an  oscillator- 
buffer  type  klystron  capable  of  the 
required  power  output  and  equipped 
with  electro-mechanical  tuning. 
The  tube  might  be  frequency  modu- 
lated with  small  deviation  at  a 
super-audible  rate  to  provide  a con- 
trol signal  which  could  be  used  to 
alter  the  power  in  the  electro- 
mechanical tuning  device  to  keep 
the  oscillator  on  frequency.  Suffi- 
cient loop  gain  would  be  provided 
to  hold  the  frequency  to  the  re- 
quired tolerance,  taking  into  ac- 
count the  possibility  of  resonator 
drift.  Audio  modulation  of  the  car- 
rier might  be  produced  by  applying 
the  signal  in  series  with  the  plate 
voltage,  the  maximum  amplitude  of 


this  audio  voltage  being  adjusted  to 
allow  a ± 75  kilocycle  carrier 
swing,  the  same  as  in  the  crystal 
controlled  example.  The  afc  system 
should  be  made  insensitive  to  fre- 
quency shifts  occurring  in  the  au- 
dio passband. 

Receiver  Desige  Considerations 

The  basic  receiver  circuit  used  at 
microwave  frequencies  is  still  the 
superheterodyne.  The  i-f  amplifier 
is  usually  operated  at  a considerably 
higher  frequency  than  in  similar 
lower  frequency  receivers.  New 
and  improved  tubes  have  been  de- 
veloped to  keep  pace  with  the 
steady  increase  in  frequency  of  the 
i-f  amplifiers.  Unfortunately,  the 
local  oscillator  for  microwave  com- 
munication receivers  presents  a 
rather  special  problem.  It  is  im- 
portant that  it  be  stable  in  fre- 
quency and  yet  compact,  so  that 
the  receiver  is  not  excessively 
large.  Several  local  oscillator  ar- 
rangements are  possible,  using 
crystal  control  or  afc  techniques. 

The  present  difficulty  with  crys- 
tal control  for  this  particular  ap- 
plication is  the  amount  of  space 
and  power  required  for  the  multi- 


FIG. 10— Two  methods  of  tuning  a crystal-controlled  superheterodyne  receiver 
(A)  Tuning  the  1-1  amplifier  and  the  discriminator  circuit.  (B)  Double  superhetero^ 
dyne  with  ate.  If  the  first  1-i  amplifier  stage,  shown  within  dashed  lines.  Is  omitted 
only  file  second  detector-mixer  and  the  second  local  oscillator  need  be  tuned 


plier  chain,  which  may  consist  of 
several  tubes  and  their  tuned  cir- 
cuits, and  a klystron  multiplier. 
Another  problem  with  this  type  of 
local  oscillator  is  the  lack  of  a sim- 
ple channeling  means,  unless  the  i-f 
amplifier  is  made  tunable  to  ac- 
complish the  channeling.  The  tun- 
able i-f  amplifier  arrangement  is 
a perfectly  practical  method  of  ob- 
taining the  channeling  feature. 

Figure  10A  shows  a block  dia- 
gram of  a crystal  controlled  re- 
ceiver, using  a tunable  i-f  amplifier. 
Notice  that  in  this  case  the  whole 
i-f  amplifier  is  gang  tuned,  in- 
cluding the  discriminator,  a condi- 
tion which  makes  it  difficult  to 
maintain  a constant  bandwidth 
over  the  complete  tuning  range  of 
the  amplifier.  To  avoid  this  diffi- 
culty, the  double  superheterodyne 
or  triple  detection  method  can  be 
used,  as  shown  in  Fig.  10B.  The 
first  local  signal  is  fixed  in  fre- 
quency, and  may  be  generated  by  a 
crystal-controlled  unit.  The  second 
local  oscillator  has  automatic  fre- 
quency control  similar  to  that  used 
in  some  broadcast  receivers.  Only 
the  second  mixer  and  the  second 
local  oscillator  need  to  be  tuned 
(unless  a first  i-f  stage,  shown 
dotted,  is  used  before  the  second 
mixer),  and  the  bandwidth  prob- 
lem does  not  arise  since  the  second 
i-f  amplifier  operates  at  a fixed  fre- 
quency. A system  of  this  type  is  the 
same  as  using  a crystal-controlled 
microwave  converter  feeding  di- 
rectly into  a standard  f-m  super- 
heterodyne receiver  with  afc  ap- 
plied to  its  local  oscillator. 

Another  method  of  obtaining  a 
satisfactory  microwave  local  oscil- 
lator is  to  use  a compact  micro- 
wave  generator  of  the  reflex  type, 
and  to  apply  automatic  control  to 
this  local  oscillator  from  the  dis- 
criminator of  the  receiver,  a* 
shown  in  Fig.  11,  in  much  the  same 
way  as  afc  is  used  in  standard 
broadcast  receivers. 
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Experimental  Systems 

One  early  microwave  experi- 
mental system  was  set  up  over  a 
combination  land  and  water  path, 
slightly  beyond  line-of -sight  range. 
The  equipment  used  free-running 
klystron  oscillators  as  the  transmit- 
ters. Frequency  modulation  was 
produced  by  applying  an  audio  sig- 
nal in  series  with  the  plate  voltage 
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of  the  oscillators.  Only  a small 
amount  of  modulation  voltage  was 
required,  since  the  10-cm  carrier 
deviation  used  in  the  system  was 
purposely  limited  to  ±75  kilocycles. 

One  receiver  consisted  of  a stand- 
ard f-ra  broadcast  unit,  fed  by  a 
microwave  converter  which  used  a 
tunable  reflex  klystron  as  the  local 
oscillator  and  a silicon  crystal  as 
the  mixer.  Automatic  frequency 
control  was  employed  to  keep  the 
receiver  in  tune  with  the  free-run- 
ning transmitter.  The  voltages  ob- 
tained from  the  discriminator  were 
passed  through  an  R-C  network  of 


A later  system  was  installed  over 
a five-mile  link,  using  crystal  con- 
trol in  both  the  transmitters  and 
the  receivers.  The  frequency  mul- 
tiplier chain  used  to  increase  the 
crystal  frequency  to  the  microwave 
region  was  identical  in  circuit  de- 
sign for  the  transmitters  and  re- 
ceivers. The  basic  circuit  of  the 
frequency  modulated  crystal  oscil- 
lator used  is  shown  in  Fig.  12.  A 
modified  Pierce  parallel  oscillator 
was  used,  with  capacitive  reac- 
tance in  series  with  one  grid  and 
the  crystal,  and  inductive  react- 
ance in  series  with  the  other  grid 


FIG.  11— Block  diagram  oi  a microwave  receiver  employing  automatic  frequency 
control  alone  to  achieve  the  deelred  stability 


long  time  constant  to  filter  out  the 
audio  signals  present,  and  were 
then  used  to  control  a tuning  motor. 
The  other  receiver  in  this  two-way 
communications  system  used  a 
somewhat  different  scheme  for  ob- 
taining automatic  frequency  con- 
trol The  voltage  from  the  dis- 
criminator was  brought  out 
through  a low-pass  filter,  but  was 
applied  to  an  electro-mechanical 
tuning  unit  connected  to  the  local 
oscillator.  The  discriminator  con- 
trol voltage  was  also  used  to  pro- 
vide electrical  tuning  for  correct- 
ing transient  deviations  which  the 
electro-mechanical  device  could  not 
follow. 

The  transmission  path  covered  a 
distance  of  21  miles.  With  a power 
of  several  watts  and  parabolic  an- 
tennas at  each  end,  each  with  an 
effective  gain  of  about  450,  the  sig- 
oal  output  from  the  mixer  of  each 
receiver  was  well  above  the  60- 
raicrovolt  level  required  by  the  f-m 
onits.  The  system  maintained  nor- 
mal communications  when  lower 
frequency  channels  failed  due  to  in- 
terference conditions. 
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and  the  crystal.  If  the  tube  with 
the  capacitive  reactance  in  its  grid 
circuit  oscillated  alone,  it  would 
operate  at  a frequency  slightly 
higher  than  that  of  the  crystal,  due 
to  the  leading  phase  shift  at  its 
grid.  The  other  tube,  oscillating 
alone,  would  operate  at  a frequency 
slightly  lower  than  that  of  the  crys- 
tal, due  to  lagging  phase  shift  in 
its  grid  circuit.  The  two  tubes  are 
thus  arranged  to  oscillate  an  equal 
amount  above  and  below  the  crystal 
frequency,  and  their  common  tank 


FIG.  12 — Baaic  method  of  acraan-grid 
modulating  a cryvtal-controUod  otdl- 
lator.  Useful  as  a low-power  1-m  signal 
source,  the  circuit  Is  a modified  Pierce 
design  with  the  two  tubes  In  parallel 

feedback  loop.  No  amplitude  mod- 
ulation is  present  in  the  unit,  be- 
cause as  one  tube  begins  to  take  over 
frequency  control  it  also  increases 
its  power  output,  while  the  other 
tube,  in  losing  control,  reduces  its 
output.  This  keeps  the  net  power 
output  of  the  oscillator  constant 
over  the  entire  frequency  swing. 

Other  crystal-controlled  micro- 
wave  systems  have  been  built,  using 
phase  modulation  in  one  of  the  fre- 
quency multiplier  stages,  with 
good  results.  Even  though  the 
phase  swing  is  rather  limited  in 
such  an  arrangement,  the  large 
multiplication  factor  again  brings 
it  up  to  values  which  are  quite 
usable  on  the  microwaves. 
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possible  to  swing  the  frequency  of 
the  oscillator  unit  about  the  crystal 
frequency  by  several  hundred 
cycles  per  second  when  audio  mod- 
ulation Is  applied  in  push-pull  to  the 
screen  grids  of  the  two  tubes. 

The  frequency  swing  that  such 
an  oscillator  is  capable  of  produc- 
ing is  somewhat  less  than  the  ini- 
tial oscillating  frequency  separa- 
tion of  the  two  tubes.  The  factor 
which  determines  the  maximum 
separation  possible  with  stable 
operation  Is  the  Q of  the  crystal 
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BRIDGE  NULL- 


Delayed  automatic-gain-control  permits  utilization  of 
high  sensitivity  in  this  a-c  bridge  null-indicator  with 
visual  indication  of  phase  and  amplitude  relations 

By  E.  W.  HEROLD 

RCA  Laboratories 
Princeton,  New  Jersey 


An  essential  element  of  an  a-c 
bridge,  such  as  those  used  for 
vacuum-tube  measurements,  is  a 
detector  or  null-indicator.1  The  day 
in  which  a pair  of  earphones  suf- 
ficed has  long  since  passed.  The 
present  paper  describes  a tuned 
null-indicator,  for  a 1000-cycle 
bridge,  which  possesses  many  ad- 
vantages, including  delayed  auto- 
matic-gain-control and  both  cath- 
ode-ray and  meter-indication  of 
output. 

Reqalranenh 

Experience  has  shown  that  the 
chief  requirements  of  a good  null 
indicator  are  high-sensitivity  near 
balance,  adequate  discrimination 
against  harmonics,  ability  to  dis- 
tinguish phase  in  the  off-balance 
position,  a visual  output  indicator 
to  minimize  operator  fatigue,  and 
overload  protection  when  the 


bridge  is  far  off  balance.  The  high 
sensitivity  is  easily  met  by  a two- 
stage  pentode  amplifier.  At  the 
same  time,  a delayed  automatic- 
gain-control  may  be  used  as  over- 
load protection  for  conditions  far 
off  balance  without  destroying  the 
sensitivity  at  balance.  Harmonic 
discrimination  is  accomplished  by 
using  tuned  choke  or  transformer 
coupling  while  phase  is  shown  by 
a cathode-ray  type  of  indicator.’  In 
addition,  a sensitive  output  meter 


is  a useful  supplementary  unit. 

The  Circuit 

A circuit  diagram  is  shown  in 
Fig.  1.  Input  is  to  be  connected  di- 
rectly to  the  bridge  through  a 
tuned  transformer  which  is  a-part 
of  the  bridge  itself,  as  in  the  Gen- 
eral Radio  type  561-D.  A manual 
gain  control  permits  reduction  of 
large  inputs  to  below  the  value 
which  operates  the  automatic-gain- 
control  circuit.  The  two-stage 
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All  controls  are  plainly  marked  and  are  easily  accessible  in  this  rack  version  of 
the  bridge  null-indicator 
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6SK7  amplifier  has  a special  inter- 
stage transformer,  designed  by 
Mr.  Otto  Schade  of  RCA  Victor 
and  made  by  the  American  Trans- 
former Company,  mounted  in  a 
mu-metal  shield  can.  For  highest  Q, 
about  13  at  1000  cycles,  the  inter- 
stage transformer  tuning  capaci- 
tance is  split  between  primary  and 
secondary  as  shown.  A first-stage 
gain  of  over  500  is  obtained.  The 
K-C  series  combination,  joining 
s high  side  of  primary  and  sec- 
ondary, eliminates  high-frequency 
onance  (around  7000  cycles)  due 
tc  the  second  resonance  peak  of  a 
double-tuned  circuit.  The  trans- 
former must  be  correctly  poled  for 
Ms  connection  to  be  effective. 

The  second  6SK7  with  a tuned- 
hoke  plate  load,  which  has  a 1000- 
ele  Q of  about  5,  is  coupled,  di- 
rectly to  one  vertical  deflection 
late  of  a 2AP1  cathode-ray  tube, 
nich  serves  as  an  output  ampli- 
ude  and  phase  indicator.  A second 
lication  is  obtained  by  reading 
' e rectified  current  of  one  of  the 
diodes  on  the  output  meter, 
■e  other  6H6  diode,  used  for 
■ Tomatic  gain  control,  has  a posi- 
tive delay  bias  of  about  100  volts 
applied  to  its  cathode.  The  auto- 
matic-gain-control  voltage  is  ap- 
plied to  the  grid  of  the  second 
.7  and  gives  adequate  limiting 
action  by  a combination  of  bias 
variation  and  plate-circuit  over- 
load as  shown  in  Fig.  2.  The  meter 
8 “,nt “s  adjusted  to  give  full-scale 
I “““cation  with  maximum  input, 
l orizontal  deflection  voltage  for 


the  cathode-ray  tube  is  obtained 

through  a separate  input  from  the 
bridge  source,  and  is  amplified  by 
a single  6SK7  tube  operated  with 
a tuned-choke  plate-load  (a  6SJ7 
is  now  being  used  here).  The 
power  supply,  centering  circuits, 
etc.,  are  straightforward.  The 
cathode-ray  tube  is  operated  with 
its  cathode  300  volts  below  ground 
through  the  6X5  rectifier,  thus  pro- 
viding a second  anode  voltage  of 
600  volts  from  an  ordinary  300- 
volt  power  supply  transformer. 

Performoeee 

An  input  of  10  microvolts  is 
sufficient  to  give  an  observable  in- 
dication on  either  the  meter  or  the 
cathode-ray  vertical  deflection. 
Figure  2 shows  the  input  vs.  out- 
put curve  of  the  instrument  at  full 
gain.  As  the  input  is  increased, 
the  indication  increases  linearly 
up  to  about  half  scale  on  the  meter, 
at  which  point  the  automatic  gain 
control  begins  to  operate.  Thus, 
full  sensitivity  is  realized  over 
about  half  the  meter  range  and  yet 
the  meter  can  never  go  off  scale. 

Phase  indication  on  the  cathode- 
ray  tube  is  made  by  the  method 
devised  by  Lamson.”  With  this 
method,  a resistive  unbalance  of 
the  bridge  is  caused  to  give  a tilted 
line  on  the  cathode-ray  tube  by 
adjustment  of  the  horizontal  phase 
control.  An  unbalance  in  the  oppo- 
site direction  is  shown  by  a re- 
versal of  slope  of  the  line,  and 
perfect  balance  by  a horizontal 
line.  Reactive  unbalance  of  the 


bridge  causes  the  cathode-ray  pat- 
tern to  become  an  ellipse.  The  out- 
put indicating  meter  may  be  used 
as  a simple  null  instrument  and 
also  as  a quantitative  indicator  of 
the  relative  amount  of  input  volt- 
age to  the  instrument. 

The  selectivity  of  the  null  in- 
dicator, without  an  input  trans- 
former, is  shown  in  Fig.  3.  It  is 
seen  that  second-harmonic  dis- 
crimination is  about  35  db  and 
higher  harmonics  are  attenuated 
even  more.  When  the  selectivity  of 
a tuned  input  transformer  (the 
bridge  output  transformer)  is  added 
to  this,  the  harmonic  reduction 
meets  the  most  severe  require- 
ments. 
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FIG.  2 — SenslUvlty  curve.  showing  ti- 
led of  delayed  automatic-gain-control 
at  high  input  levels 


FIG.  3— A high  degree  of  selectivity  Is 
obtained  by  the  coupUng  method*  used 
In  the  null-indicator 
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Coaxial  Cable  Tests 


Production  testing  methods  suitable  for  coaxial  cable  depend  upon  ease  of  testing  and  j 
reducing  data  to  cable  parameters.  Open  and  shorted  cable  lengths  are  substituted  into  M 
either  bridge  or  resonant  circuits  using  variable  air  capacitors  for  balance  1 


By  PERRY  H.  WARE 

Laboratory  Engineer 
Btmplem  Wire  and  Cable  Co. 
Cambridge,  MateachueeUa 


a — attenuation  of  cable  in  nepers  per 
unit  length;  al:  Eq.  (19)  flPW** 
ft  — phase  shift  of  cable  in  radians  per 
unit  length;  01:  Eq.  (20).  (25) 

B — input  susceptance  of  cable;  B_. 
Eq.  (4) 

C — capacitance  at  critical  condition 
with  unknown  in  circuit,  meas- 
urea;  C\  without  unknown  in  cir- 
cuit,  measured;  G»,  input  of  cable; 
Eq.  (3 )\  Cm,  mica  capacitor,  meas- 
ured:  Fig.  1(C);  C,,  mica  capac- 
itor and  cable  in  series,  measured: 
Fig.  1(C);  Ci,  total  of  cable  in 
farads,  measured 

y —propagation  constant  per  unit 


length:  Eq.  (2).  (18),  (18a),  (21) 
D — dissipation  factor  (B  - R o C) 
measured;  D„  input  of  cable:  Eq. 

(7) ,  (15);  D.,  see  C,:  D„  see  C. 

0 — phase  angle  of  impedance 

E — potential,  measured;  Em,  at*reso- 
nance 

/—resonant  frequency  of  test  cable 
length,  measured 
G — conductance,  measured 
0— phase  angle;  admittance:  Eq. 

(5) ,  (7);  0„,  impedance:  Eq.  (9) 
/ — current,  measured;  /*,  at  reso- 
nance 

1 — length  of  cable  sample 

n — number  of  quarter  wavelengths'of 
cable  sam pie 

oe  — subscript  indicating  cable~output 
is  open  circuit 

R — resistance,  measured,  see  C:  R' 

Z%R(mr  C":  ~ c-: 

d — phase  angle  of  admittance 
- — subscript  indicating  cableToutput 
is  short  circuit 

Xv,  -reactance  at  cable  input  with 
cable  output  a short  circuit:  Ea. 

(8) ,  (11) 

— admittance  at  cable  input  with 
cable  output  an  open  circuit:  Eq. 

(6) 

y — phase  angle  of  tanh  y l 
Z — complex  impedance:  Zo,  charac- 
teristic! Eq.  (1),  (17),  (17a)  (30); 
Zoo,  see  Ko.;  Zoo,  see  Xoo.  Eq.  (10) 


TABLE  1 — Symbols  for  coaxial  cable 
measurements  discussed  in  the  text 


IN  testing  radio-frequency  coax- 
ial cables  we  must  decide  what 
cable  properties  it  is  desirable  to 
know.  Parameters  of  prime  interest 
to  the  user  of  cable  are  the  working 
parameters,  that  is:  characteristic 
impedance  and  propagation  func- 
tion. With  a knowledge  of  these 
parameters  the  designer  of  radio- 
frequency equipment  can  calculate 
the  performance  of  the  installed 
cable.  The  cable  design  engineer  is, 
of  course,  vitally  interested  in  these 
same  factors,  but  he  also  must 
know  the  basic  parameters  of  the 
cable,  that  is:  resistance,  induc- 
tance, conductance,  and  capacitance. 

We  are  therefore  interested  in 
measuring  all  the  parameters  of 
the  cable,  both  basic  and  working. 
The  method  will  be  chosen  princi- 
pally for  ease  and  accuracy  of 
measurement  and  computation. 

Test  Frequency 

It  has  been  found  expedient  in 
laboratory  cable  testing  to  stand- 
ardize the  test  frequencies,  for  sev- 
eral reasons. 

Many  specifications  are  written 
giving  limits  for  cable  parameters 
at  specified  frequencies.  Using  a 
few  predetermined  frequencies  it  is 
possible,  with  a minimum  of  test- 
ing to  make  comparisons  with 
other  cables  and  from  previous  ex- 
perience to  estimate  probable  be- 
havior at  other  frequencies.  Cor- 


rections depending  on  frequency, 
which  must  necessarily  be  made  at 
high  frequencies,  can  be  systema- 
tized by  graphs  and  tables  thereby 
cutting  the  time  of  computation  and 
reducing  the  probability  of  com- 
putation error.  In  a test  where 
actual  manipulation  of  instruments 
may  take  ten  minutes  or  less  and 
computations  may  occupy  three- 
quarters  of  an  hour,  the  time  factor 
becomes  important. 

Measurements  will,  therefore,  be 
made  at  fixed  frequencies.  This 
consideration  almost  entirely  elimi- 
nates methods  of  test  which  re- 
quire specific  electrical  lengths;  in 
fact  it  is  impractical  to  vary  the 
length  of  a cable  until  an  exact 
resonant  length  is  obtained.  Fur- 
ther, at  frequencies  below  one  meg- 
acycle, a quarter  wavelength  of  ca- 
ble becomes  too  long  physically  for 
convenient  laboratory  testing. 

The  principal  method  left  is 
measurement  of  impedance  of  the 
cable  with  the  far  end  successively 
short-circuited  and  open-circuited. 
Characteristic  impedance  and  prop- 
agation constant  may  be  determined 
from  these  measurements  by  the  re- 
lationships 

Z.  = fix (I) 

y = (tanh"1  VZ*/Z<»)/I  = a + ;(3  (9 

The  symbols  used  in  equations  are 
defined  in  Table  I. 

Regardless  of  the  instrument  or 
circuit  used  for  measurement,  open- 


OPEN  HERE  TO 
/ REMOVE  SAMPLE 


OPEN  HERE  TO 
INSERT  SAMPLE 


OPEN  HERETO 
INSERT  SAMPLE 


FIG.  1 Coaxial  cable  can  be  connected  into  meaeurlng  circuit  by  (A)  parallel 
substitution.  (B)  eeriee  eubetttuUon.  or  (C)  series-parallel  substitution 
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Coaxial  cable  in  position  for  parallel  substitution  measure- 
ments has  its  outer  conductor  connected  to  the  variable  air 
capacitor.  The  parallel  combination  of  cable  and  capacitor 
is  connected  across  the  unknown  terminals  of  a bridge 


fil 

j circuit  and  short-circuit  impedances 
• may  be  determined  with  the  least 
■ probability  of  unaccounted-for  er- 
rors  by  some  form  of  substitution 
measurement. 

\ I SibcHtitloi  MHiiniHih 

Circuit  components,  which  at 
j audio  frequencies  may  be  consid- 
ered as  pure  elements  such  as  resis- 
tances and  inductances,  will  in  gen- 
eral show  at  radio  frequencies 
distributed  capacitance,  inductance, 
and  resistance,  which  alter  their  be- 
havior. At  high  frequencies  the 
stray  component  becomes  appre- 
ciable,  and  introduces  into  any  cir- 
cuit containing  it  an  impedance 
which  may  be  neither  readily  calcu- 
lated nor  measured. 

In  general,  the  most  satisfactory 
standards  at  radio  frequency  are 
fed  resistors  and  variable  capaci- 
tors, Fortunately  the  residual  re- 
sistance and  inductance  of  an  air 
capacitor  can  readily  be  measured, 
fe  from  these  measurements  its 
ehavior  may  be  accurately  pre- 
dicted, 

A substitution  method  will  reduce 
0 a minimum  the  necessary  correc- 
ts to  be  made  in  either  bridge  or 
fesonance  methods.  If  all  imped- 
ancc  is  defined  in  terms  of  fixed 


For  series-parallel  substitution  a short  wire  Is  soldered 
between  the  outer  coaxial  braid  and  the  Inner  conductor 
thereby  shorting  the  cable.  Cutting  wire  places  cable  and 
mica  capacitor  in  series  across  the  capacitor 


resistance  and  variable  capacitance, 
with  reasonable  precautions  such  as 
correct  shielding  and  correction  for 
residual  parameters,  impedance  can 
be  measured  up  to  sixty  megacycles. 

Poralltl  Substitution 

The  parallel  substitution  method 
illustrated  in  Fig.  1(A)  is  com- 
monly used  for  measurement  of 
relatively  high  impedances  such  as 
short  lengths  of  cable  under  open- 
circuit  conditions.  Results  are  most 
conveniently  expressed  as  admit- 
tance (the  reciprocal  of  impedance) 
or  as  capacitance,  which  is  meas- 
ured directly. 

Bridge  balance  or  resonance  is 
established  with  a variable  air  ca- 


pacitor alone  in  the  circuit.  The 

unknown  is  then  connected  in  paral- 
lel with  the  air  capacitor,  and  the 
latter  is  varied  until  either  the 
bridge  is  rebalanced  or  the  circuit 
is  returned  to  resonance.  The  ca- 
pacitance of  an  open-circuited  sam- 
ple is  then  given  by 
C„  - (C'  - O ® 

and  susceptance  by 

- a C„  (4> 

If,  for  example,  the  initial  setting 
of  the  capacitor  at  a frequency  of 
100  kilocycles  is  1000  /r/<f,  and  the 
second  setting  is  200  /r^f,  C„.  = 
800  wrf,  and  S.,  = 2«  (10‘)  (800) 
f lO1*)  = (503)  (10-)  mho.  As- 
suming a capacitor  having  a range 
series  or  series-parallel  substitution 


Freq  in  Me 
0.01 

C'  in  pf 

0.10  — 
0.01  — 
0.001  — 

Inductance 

Range 

0.25  — 25  pi l 

0.025  — 2.2  mh 

2.5  — 130  mh 

Capacitance 
Range  in  pf 
10,0  — 1000 

0.1  - 10 

0.001  — 0.1 

0, 10 

0.01  — 

0.001  — 

0.23  — 
0.025  — 

22  ph 

1.3  mh 

0.1  — 
0.001  — 

10 

0.1 

1.0 

0.0009  — 
0.0005  — 
0.0001  — 

0.32  — 
1.0  — 
25.0  — 

2.5  ph 
25  ph 
220  ph 

0.08  — 
0.023  — 

0.001 

0.001 

<0.001 

10.0 

0.0006  — 

0.007  — 

2.0  ph 

0.0013— 

0.037 
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FIG.  2 — For  measurements  bom  one 
kilocycle  to  fire  megacycles  the 
Scherlng  bridge  Is  the  most  usable 


of  100  to  1100  fi/uf,  the  range  of 
values  which  may  be  measured  with 
reasonable  accuracy  is  given  in  Ta- 
ble II. 

The  conductive  component  of  the 
unknown  admittance  is  the  differ- 
ence between  the  conductance  of  the 
parallel  combination  and  that  of 
the  air  capacitor  alone,  as  deter- 
mined by  the  particular  measuring 
circuit  used.  A bridge  will  often  be 
designed  to  yield  results  in  the  form 
of  dissipation  factor  (tangent  of 
the  defect  or  loss  angle)  ; if  so  the 
complex  admittance  may  easily  be 
determined  both  in  phase  angle  and 
magnitude  from  the  relationships 

cot  Oat  --  Dot  (5) 

5 M = Bat/ Bit!  Oat  (6) 

If  Gat  is  measured  directly,  we  can 
also  apply  the  following 

cot  Oa,  =■  Oat! Bat  = A*  (7) 

In  all  these  measurements,  to  re- 
duce the  determined  cable  para- 
meters to  unit  length  the  results 
given  above  should  be  divided  by 
the  length  of  the  measured  cable. 

Series  Substitution 

For  measurement  of  low  imped- 
ances such  as  short-circuited  sam- 
ples of  short  length,  a series  sub- 
stitution method  illustrated  in  Fig. 
1(B)  is  used.  The  initial  balance  is 
made  as  before  on  a variable  air  ca- 
pacitor or,  particularly  at  fre- 
quencies below  one  megacycle,  on  a 
mica  capacitor  of  suitable  capaci- 
tance using  a variable  air  capacitor 
in  parallel  as  a means  of  measuring 
increments  of  capacitance. 

The  unknown  impedance  is  in- 
serted in  series  with  the  capacitor, 
often  by  removing  a short-circuit- 
ing lead  from  its  terminals,  and  ini- 
tial conditions  are  re-established  by 
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resetting  the  air  capacitor.  The  re- 
actance of  the  short-circuited  sam- 
ple is  given  by 

Xm  - (C  — C')/«  CC'  (8) 

The  resistive  component  of  the 
unknown  impedance  is  the  differ- 
ence between  the  resistance  of  the 
series  combination  and  the  effective 
series  resistance  of  the  capacitor 
alone,  as  determined  by  the  particu- 
lar measuring  circuit  used:  R.t  = 
R - R'. 

The  complex  impedance,  in  mag- 
nitude and  phase,  is  computed  from 
the  expressions 

cot  = RJXm  (9) 

Z„  = XJstn  6„  (10) 


FIG.  3 — To  determine  the  sample  length 
to  be  used  in  cable  testing,  a chart  of 
this  type  is  made 

As  an  example,  at  100  kilocycles 
C’  is  0.01  /if,  C is  approximately  0.01 
lit  and  the  difference,  measured 
with  the  air  capacitor  is  26  ppf. 
The  reactance  given  by  Eq.  8 is 
X..  = (25)  (10‘”)/2it  (10)‘  (0.01) 
(0.01)  (10  ")  = 0.398  ohm. 

Sarin-Parallel  Substitation 

For  measurement  at  frequencies 
of  one  megacycle  and  higher  it  is 
more  convenient  to  use  a modifica- 
tion of  the  series  substitution 
method.  In  this  case  the  substitu- 
tion is  made  in  series  with  a mica 
capacitor,  with  the  initial  and  final 
impedances  measured  by  a parallel- 
substitution  method  across  a vari- 
able air  capacitor;  the  method  is 


called  series-parallel  substitution 
and  connections  are  shown  in  Fig. 
1(C).  Reactance  is  given  by 

Xat  “ (Ct  Cat)/ U CtCat  (11) 

If,  for  example,  measurement  by 
parallel  substitution  yields  1000 
fipi  for  Cm  and  1010  p/j.f  for  C.  at  i 
frequency  of  one  megacycle,  then 
by  Eq.  (11)  X.,  = (10)  (10  “)/2. 

(1000)  (1010)  (10-)  = 1.578  ohms. 


■jt 

i 

j 

-i« 

;mi 
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Resistance  Measurement  ? 

The  resistive  component  of  im-  ' 
pedance  is  equal  to  the  difference 
between  the  measured  equivalent  * 
resistances  of  the  series  combina- 
tion and  of  the  mica  capacitor 
alone.  If  the  parallel-substitution  1 
measurement  yielded  dissipation 
factor  for  the  two  measurements 
(Dm  and  D.  respectively)  the  resis- 
tances  are  given  to  a close  approii- 
mation  by 

Rm  - D./w  Cm  (12)  7 

R.  - Dt/u  C.  03! 

and  the  resistance  of  the  sample  is 
R,t  = R.  - Rm.  The  complex  im- 
pedance is  computed  as  for  the 
regular  series  substitution  measure- 
ment. For  either  type  of  substitu- 
tion, the  useful  range  of  measure- 
ment is  shown  in  Table  III. 

Precautions  should  be  taken  in 
connecting  and  disconnecting  the 
cable  during  measurements  not  to 
change  stray  lead  impedances. 
Place  equipment  so  that  leads  are 
moved  but  short  distances,  and  I 
stray  capacitances  are  measured  as 
part  of  the  initial  capacitance  and 
do  not  appear  as  an  error  in  the  im- 
pedance of  the  sample. 


Frequency  Range 

Until  now  only  general  methods 
of  measurement  have  been  dis- 
cussed. The  actual  instrument  or 
circuit  used  for  these  measurements 
is  principally  dependent  upon  the 
test  frequency.  Up  to  three  mega- 
cycles, bridge  measurements  are 
entirely  satisfactory.  A Sobering 
bridge  designed  for  radio-fre- 
quency use  has  been  used  by  the 
author  with  consistent  results  from 
one  kilocycle  to  three  megacycles, 
with  proper  design  and  correction 
for  residual  parameters,  a bridge 
may  be  used  as  high  as  fifty  mega 
cycles. 


Scherlng  Bridge 

In  the  Schering  circuit  of  Fig.  2 
the  only  variable  elements  are  ca 
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pacitive.  If  a substitution  method 
is  used,  the  reactance  balance  is 
obtained  with  an  air  capacitor  used 
in  the  unknown  P arm  of  the 
bridge;  phase  balance  is  obtained 
with  a variable  air  capacitor  in  the 
diametrically  opposite  A arm.  For 
an  equal-arm  bridge  (i.e.,  Ra  = Ra) 
the  total  capacitance  In  the  P-arm 
remains  constant  and  the  change  in 
dissipation  factor  of  the  P-arm  is 
triven  by 

o,  - Dr'  = (Cl  - Cl')  uRa  = AZ>  (14) 

If  the  bridge  is  originally  balanced 
with  the  standard  capacitor  alone 
in  the  P-arm,  using  C,  and  C,  to 
attain  balance,  introduction  of  the 
sample  will  necessitate  a change  in 
the  standard  capacitor  and  in  Ci  to 
imbalance  the  bridge.  The  change 
n dissipation  factor  of  the  entire 
p arm  depends,  not  on  an  absolute 
value  of  Ci,  but  merely  on  an  in- 
crement which  can  be  accurately 
determined.  If  Ra  is  known,  capaci- 
tor Ci  may  be  calibrated  directly  in 
| dissipation  factor  at  a given  fre- 
quency. This  value  is  then  propor- 
: tional  to  frequency  as  shown  by 
j Eq.  14  and  calibrated  values  may  be 
I multiplied  by  the  ratio  of  test  fre- 
quency to  frequency  of  calibration 
, to  obtain  values  at  other  frequen- 
cies. Stray  capacitance  of  the  P 
j arm  are  lumped  into  C,o. 

! With  the  Schering  circuit,  dis- 
sipation factor  of  a capacitive  sam- 
ple measured  by  parallel  substitu- 
tion is  given  by 

Do.  = [AD(<V  + Cro)/(Cr'  - C,)]  + 

R.  0,  «V  + Cr)  (IS) 

For  series  substitution,  the  re- 
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f«WMt  poutble  alterations  should  bs 
“ude  In  changing  connections.  For 
Hrisfl  substitution,  connection  is  ar* 
™>ssd  so  that  removing  plug  lumper 
at  right  Inserts  the  mica  capacitor  In 
teriss  with  cable  and  at  the  same  time 
removes  the  short  on  the  cable 


sistance  is  given  by 
fi.  - A D(CV  + C,o)/«  <V*  (18) 

The  variable  capacitor  CA  can  be 
calibrated  in  terms  of  resistance 
instead  of  A D by  measuring  an  ac- 
curately known  resistor  as  a stand- 
ard. By  this  means,  the  absolute 
value  of  C/  need  not  be  accurately 
known,  and  correction  for  stray 
capacitance  is  automatically  made. 
Correction  should  also  be  made  for 
the  residual  inductance  of  leads  in 
the  P arm. 

Resonance  Method 

It  has  been  found  expedient  to 
use  resonance  methods  at  fre- 
quencies of  five  megacycles  and 
higher.  Ordinarily,  the  resistive  or 
conductive  component  of  the  un- 
known impedance  or  admittance  is 
determined  from  the  width  of  the 
resonance  curve,  when  current  or 
voltage  is  plotted  against  capaci- 
tance setting  of  a variable  air  ca- 
pacitor used  as  a standard. 

The  following  means  of  inter- 
preting resonance  data,  suggested 
by  Sinclair,  is  less  subject  to  the 
error  which  might  occur  in  a single 
measurement.  If  the  ordinate  is 
made  \J(E,/EV  - l,  and  the  ab- 
cissa  capacitance,  for  parallel  reso- 
nance, or  if  for  series  resonance 
sj(l,/iy  - T is  plotted  vs  the  elas- 
tance  (reciprocal  of  capacitance), 
the  real  component  of  impedance 
may  be  determined  from  the  slopes, 
and  the  reactive  component  from 
the  intercepts  on  the  axis.  The  lim- 
its of  resistance  which  can  be  meas- 
ured are  determined  by  ability  to 
distinguish  between  two  very 
nearly  equal  slopes  at  one  end,  and 
by  inability  to  obtain  a wide 
enough  portion  of  the  resonance 
curve  at  the  other. 

Calculation  of  Ranlts 
As  mentioned  earlier,  character- 
istic impedance  and  propagation 
function  may  be  computed  from  the 
complex  values  of  short-circuit  an 
open-circuit  impedances.  If  both 
have  been  measured  as  impedance, 
the  following  equations  apply 
ZoL s = VzTz^/o.5  M (17j 

tanh  yl/±  ~ 0-5  (»,  ~ O (18> 

If,  as  is  customary  for  short  sam- 
ples, the  open-circuit  measurement 
has  been  made  in  terms  of  admit- 
tance, the  following  modifications 
are  used 


t 


Measurements  by  resonance  method 
use  resonant  circuit  in  large  lower 
shield.  Vacuum-tube  voltmeter,  test 
cable  (left),  variable  capacitor,  and  In- 
put circuit  (right)  are  connected  by 
rigid  straps 

Zo/i  = -IzZJYZm  (9-  - *U  (>7») 
tanh  yl/  *1*  — V Zm>  Y or  /0.5  (the  floe)  (18a) 
The  value  of  yl  is  determined  from 
its  hyperbolic  tangent.  For  short 
lengths  of  sample,  this  is  most 
readily  accomplished  by  using 

tanh  2ui  = (2  |tanh  yl\  cost)/ 

(1  + |tanh  yl?)  <19) 

' tan  2 /Si  = (2  |tanh  yl|  an*)/ 

(1  - Itanh  yl?)  (20) 

where  tanh  yl  is  determined  from 
Eq.  18  or  Eq.  18a.  Table  IV  gives 
approximations  for  characteristic 
impedance  and  phase  shift  which 
are  valid  under  the  specific  condi- 
tions. 

For  lengths  over  -A  wavelength 
the  above  expressions  still  apply, 
but  work  may  be  sometimes  simpli- 
fied by  using  a hyperbolic  tangent 
table.  Another  method  of  deter- 
mining yl  from  the  tanh  is 

yl  _ 0.5  log.  1(1  + tanh-rO/ 

(1  _ tanh  -yl)]  ( ' 

where,  in  general,  log*  0V£)  = 
log.  r + j».  Having  determined 
l - d + jpl,  the  propagation 
function  per  unit  is  easily  obtained, 
since  it  varies  directly  with  length. 

ThJlt=  a l (1000/1)  nepers/1000  ft. 
o - Rl  (1000/1)  radians/1000  ft. 

The  primary  constants  may  be 
found  as  follows 
Z/e  = yZt  = R + ) “ 1*  ^ 

y/^oo  y/Z,  = 0 + juC  (23) 

Resistance:  R = Z cos  fl  ohms/ 
1000  ft 
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TABLE  III — Reactance  limits  of  paral- 
lel substitution 


Freq  in 

Inductance 

Capacitance 

Me 

Range 

Range  in  Mxf 

0.01 

250  mh  —25  h 

10—1000 

0.10 

2.5  mh  —250  mh 

10—1000 

1.0 

25  — 2.5  mh 

10—1000 

10.0 

0.5  ^h— 25  /.h 

10—  500 

TABLE  IV  Approximate  formulas  for  computing  cable  r ,m 


Condition 
a l <0.02 

XJ  Rk  > 5 
Boc/Goc  > 22 


Formula 

a l = (tanb  7 I cos  t)  / (1  + tanh  * y I) 

\ “ 1 = + GoJ?o)  / 2 (l  -f  Z^B„.) 

I • e l-  (Z«Bo.)'«/(l 
2o  =(Z„/B„)>/* 


Inductance:  L =■  (2  sin  0)/o> 
henrys/1000  ft 

Conductance:  G = Y c.o&  <j> 
mhos/1000  ft 

Capacitance:  C = Y sin  </>/u>  far- 
ads/1000 ft 

where  y and  Z,  are  both  considered 
as  vector  quantities,  having  mag- 
nitude and  phase  angle.  If  the 
length  of  sample  is  electrically 
short  (i.e.,  less  than  1/60  wave- 
length, or  6 degrees)  tanh  yl  does 
not  differ  by  more  than  one  per- 
cent from  yl  in  either  real  or  imag- 
inary parts,  and  the  primary  con- 
stants may  be  computed  from  the 
measured  values  of  short-circuit 
and  open-circuit  impedance  as  fol- 
lows 

ft  — ft..  (1000/1)  ohms/1000  ft 

= (1000/0  henrys/ 

1000  ft 

G = G„,  (1000/0  mhos/1000  ft 
C = C„,  (1000/0  farads/1000  ft 

Ultrabigk-Freqsmcy  Maaiuramentt 

At  ultrahigh  frequencies  neither 
bridge  nor  resonance  methods  may 
be  used  satisfactorily.  The  usual 
method  of  test  consists  of  an 
attenuation  measurement,  gener- 
ally of  the  insertion-loss  type. 

Insertion-loss  methods  depend 
upon  measurements  of  power,  volt- 
age, or  current  at  each  end  of  a ca- 
ble loosely  coupled  to  an  oscillator  at 
one  end  and  terminated  in  its 
characteristic  impedance  at  the 
other.  The  attenuation  constant 
can  then  be  computed  by  whichever 
of  the  following  relationships  is 
applicable 

Attenuation  (db)  = 

10  log*  (P,./P0„) 
Attenuation  (db)  = 

20  log,.  (E,„/E„„,) 
Attenuation  (db)  = 

20  log,,  (I„/Ioot) 
Characteristic  impedance  can  be 
measured  by  determining  the  fre- 
quency at  which  a length  of  cable 
becomes  resonant  (i.e.,  the  fre- 
quency at  which  it  is  an  odd 


quarter-wavelength  electrically). 
From  this  frequency,  and  the 
capacitance  of  the  whole  length, 
which  may  be  determined  for  non- 
polar dielectrics  at  a lower  fre- 
quency, the  characteristic  imped- 
ance is  given  by 

Zn  * 4nC,/  (24) 

Phase  shift  is  determined  from  the 
same  measurements  by 

B - 500 wn/l  radians/1000  ft  (25) 

Relative  velocity  of  propagation, 
expressed  in  percent  of  velocity  in 
free  space,  is 

% V =.  1.28  / l/m  (3gj 

Choice  of  Sample  Length 

If  approximate  values  of  the 
cable  parameters  are  known  in  ad- 
vance, it  is  possible  to  select  a 
length  of  sample  which  will  place 
the  short-circuit  and  open-circuit 
impedance  measurements  in  the 
middle  of  the  testing  range  for  the 
available  equipment.  In  the  first 
place,  it  is  desirable  to  keep  the 
length  below  approximately  fifty 
feet  from  the  standpoint  of  con- 
venience. A typical  example  will 
show  how  sample  length  may  be  de- 
termined. 

Cable  parameters  at  one  mega- 
cycle are 

Resistance:  0.02  ohms  per  ft 

Inductance : 0.80  microhenrys 
per  ft 

^Conductance:  0.60  micromhos  per 

Capacitance:  30.  micromicrofar- 
ads per  ft 

Phase  shift:  0.6  degrees  per  ft 

Figure  3 shows  inductance,  ca- 
pacitance and  phase  shift  as  a 
function  of  sample  length.  Limit- 
ing values  for  inductance  range 

TABLE  V — Optimum  length  of  cable 
sample 


Freq  in  Me 
0.01 
0.10 
1.0 
100.0 


Length  in  Ft 
25—30 
15—30 
8—25 
( 100  25) 


using  900  11/j.i  in  a series  or  series- 
parallel  substitution  are  shown  in 
Fig.  3(A).  The  limits  for  capaci- 
tance range  in  a parallel  substitu- 
tion measurement  across  a capaci- 
tor having  a range  of  1000  mJ  are 
shown  in  Fig.  3(B).  The  maximum 
limit  for  short-line  calculations  is 
shown  in  Fig.  3(C). 

It  may  be  seen  that  for  ease  in 
computation  a 10-foot  length  of 
sample  is  satisfactory.  If  a longer 
sample,  possibly  more  representa- 
tive of  the  cable  as  a whole,  is 
desired,  and  if  time  for  calculation 
is  not  a deciding  factor,  a 20-ft  to 
30-ft  length  of  sample  may  be  used, 
and  parameters  computed  from  the 
long-line  equations.  Similar  plots 
may  be  drawn  for  other  frequen- 
cies and  types  of  measurement. 

For  direct  attenuation  measure- 
ments it  becomes  necessary,  in 
spite  of  considerations  of  conven- 
ience, to  use  a longer  length.  Too 
short  a length  would  not  yield  in- 
puts and  outputs  sufficiently  differ- 
ent from  each  other  to  give  precise 
computed  values  of  attenuation. 
Table  V shows  test  lengths  which 
have  been  found  convenient  over 
the  frequency  range. 
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Industrial 

Test  Equipment  Design 


Circuit  analyzers  suitable  for  bench  work  frequently  fail  when  subjected  to  necessarily 

irough  treatment  in  the  field  and  in  shops  handling  heavy  work.  This  article  tells  w y 
they  fail,  and  suggests  design  improvements 


This  paper  is  based  upon  notes 
made  during  the  training  and 
supervision  of  a crew  of  repair- 
::  force  men  in  a large  east  coast 
x shipyard.  It  is  slanted  directly  at 
postwar  manufacturers  of  test 
* equipment  and  is  intended  to  bring 
out  the  fact  that  most  circuit 
c analyzers  designed  for  shop  work 
are  inadequate  for  field  duty  since 
£ the  conditions  encountered  are  en- 
tirely different,  especially  where 
| heavy  construction  work  is  in 
progress. 

The  shortcomings  of  the  ordi- 
nary commercial  analyzer  can  be 
s:  summed  up  in  a few  words — inade- 

quate provision  for  mechanical 
and  electrical  damage-protection, 
inadequate  shock-proofing,  and  in- 
sufficient water  and  dust-proofing. 
The  large  damaged  test  equipment 
backlog  in  industrial  plants  doing 
essential  war  work  is  eloquent 
testimony  to  this  fact. 


Mtckaalcal  Damaga-Praoliag 

Out  in  the  field,  tools  may  be 
dropped  upon  the  analyzer,  or  it 
®ay  be  struck  against  ladder 
Rings,  scaffolding,  switchboards, 
etc.  This  common  trouble  points 
out  the  need  for  white-metal,  brass 
or  aluminum  alloy  knobs,  or  at 
very  least  more  rugged  plastic 
knobs.  Welding  and  burner-torch 
sparks  burn  most  plastic  knobs. 

Analyzer  panels  should  be  made 
heavier-gage  metal.  If  such 
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equipment  is  leaned  against  acci- 
dently,  or  a fairly  heavy  weight  is 
rested  on  it,  the  ordinary  light- 
weight panel  warps  or  collapses 
entirely.  Furthermore,  selector 
switches  inside  the  analyzer  case 
may  be  cocked  and  their  wiring 
may  strain  against  them.  This 
often  warps  thin  pancake  switch 
sections  enough  to  cause  the  con- 
tacts to  open  up. 

The  panel  instrument  or  meter 
glass  window  is  probably  the  big- 
gest headache  for  field  service 
technicians.  If  the  palm  of  the 
hand  is  accidently  pressed  against 
the  meter,  or  if  the  meter  is  struck 
against  an  obstruction,  or  if  some- 


TYPICAL  TROUBLES 

Control  kaob*  brook  or  boro 
Ponds  bond  or  collapse 
Motor  glass  oiovos  or  shatters 
Motor  pointers  stick 
Motor  pointers  bond 
Motor  holr-sprlngs  bncklo 
Motor  eases  smash 
Test-foad  Insolation  wears 
Jacks  and  binding-posts  weaken 
Switch  contacts  corrode 
Snb-assomblias  shift 
Wiring  tears  loose 
Insolation  resistance  declines 
Ohmmeters  bnm  oat 


thing  is  dropped  on  the  analyzer,  a 
collapsed  or  smashed  glass  is  the 
usual  result.  If,  instead  of  fitting 
the  meter  window  in  an  inside  re- 
cess, it  could  be  set  in  an  outside 
recess,  it  would  at  least  not  cave 
in  on  the  dial  and  indicator  or 
pointer  at  the  slightest  pretext. 
The  meter  could  be  further  pro- 
tected by  a plate  of  Plexiglass  or 
Lucite  or  some  other  non-brittle 
plastic. 

Meter  cases  are  too  fragile  as  a 
rule.  If  an  analyzer  is  accidentally 
dropped  a few  inches  the  weight  of 
the  meter  parts  often  tears  the  me- 
ter case  apart.  A heavier  case  and 
base,  and  more  anchoring  screws 
between  them,  would  greatly  re- 


:e  trouble. 

Hush-mounted  meters  are  ad- 
able,  since  protruding  meter 
ies  are  struck  against  obstruc- 
ts while  the  analyzer  is  carried 
jut  on  a construction  job.  A pro- 
tive  cover  cannot  be  perpetually 
ened  and  closed  without  wasting 
> much  time  on  rush  jobs. 
Resistor  assemblies  should  not 
secured  to  small  sub-assembly 
nels  which,  in  turn,  are  secured 
meter  terminals.  If  the  analyzer 
accidentally  dropped,  the  weight 
the  resistors  in  conjunction 
ith  the  weight  of  the  meter  parts 
equently  tears  the  plastic  meter 
,se  open  or  tears  the  case  anchor- 
„ out  of  the  meter  base. 
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ters  should  be  at  least  1-watt  units. 
They  must  be  considered  from  the 
mechanical  as  well  as  the  elec- 
trical angle  for  reasonable  wear. 

Jacks  and  binding  posts  should 
be  more  massive.  The  usual  light- 
weight posts  quickly  wear  out  or 
develop  loose  contacts,  and  their 
insulation  often  breaks  apart  and 
falls  through  the  panel.  They 
should  preferably  be  of  a flush- 
panel  design,  to  avoid  breakage. 

More  rugged  test  leads  are 
needed.  Conductors  often  break  at 
the  plug-in  jacks  and  at  the  plastic 
tubing  end  of  the  test  prods. 
Edges,  where  the  test-lead  wire 
enters  prods  and  jacks,  should  be 
chamfered  off  and  cushioned  with 
some  sort  of  a flexible  plastic 
sheath  in  order  to  prevent  flex- 
point  copper  embrittlement  and 
breakage. 

Electrical  Damage-Proofing 

A serious  and  perpetual  head- 
ache is  the  ohmmeter-burn-out-on- 
energized-circuit  problem.  One 
test  crew  is  frequently  unaware  of 
what  another  is  doing  elsewhere 
on  a job,  and  throws  switches.  The 
other  crew,  taking  cold-circuit 
readings,  sees  its  analyzer  meter 
indicator  or  pointer  do  a rhumba, 
sees  smoke  curl  up  from  behind 
the  panel  and  says  goodbye  to  the 
meter  or  multipliers  or  both. 

Low-current  fuse  protection  is 
rarely  adequate  protection  because 
of  the  relatively  high  resistance 
and  time-constant  of  fuses  in  the 
milliampere  ranges.  Some  sort  of 
midget  relay  protection  is  needed. 

A switch  or  pushbutton-con- 
trolled neon  indicator  lamp  would 
be  useful  in  a copper-oxide  meter 
type  analyzer,  to  act  as  a voltage 
indicator.  When  both  lamp  elec- 
trodes glowed,  the  voltage  under 
test  would  be  a-c.  When  only  one 
electrode  glowed,  the  voltage  supply 
would  be  d-c.  This  would  reduce 
damage  to  sensitive  copper-oxide 
rectifiers. 

When  an  analyzer  is  accidentally 
connected  across  the  wrong  ter- 
minals excessive  meter  current 
may  be  drawn  and  the  meter-move- 
ment-coil  restraining  hair-springs 
may  buckle  up  or  cone  up.  This 
spring-buckling  action  necessi- 
tates opening  the  meter  case  and 
flicking  the  buckled  hairsprings 
back  into  shape  again.  Some  sort 
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of  light-weight  disks  or  cross-bars 
might  be  mounted  on  the  coil-shaft 
close  to  the  hair-springs  to  pre- 
vent them  from  buckling  up. 

A common  design  fault  is  the 
use  of  a single  meter-indicator 
stop  near  the  pivot  end.  When 
analyzer  test  prods  are  accidentally 
placed  across  the  wrong  ter- 
minals and  the  meter  indicator 
slams  across  the  dial  it  strikes  the 
single  stop,  bends  around  it  and 
either  breaks  off  or  is  warped  out 
of  shape.  If  two  stops  vyere  used, 
one  near  the  pivot  end  as  usual  and 
one  out  near  the  indicator  end,  the 
indicator  would  not  so  often  be 
damaged.  Stops  should  be  soft- 
spring  cushioned  to  further  reduce 
damage. 


Shock-Proofing 

Meter-pivot  conical  thrust-bear- 
ing points  exert  a pressure  of  from 
one-quarter  to  two  tons  per  square 
inch  upon  their  jewel  bearings.  If 
an  analyzer  is  jarred  sharply,  pivot 
points  are  sometimes  flattened  and 
jewel  bearings  are  gouged  or  frac- 
tured. Meter  action  becomes  sticky 
and  erratic  and  meter  readings  are 
worthless.  For  this  reason,  field- 
duty  analyzers  should  be  shock- 
proofed  by  floating  them  in  sponge 
rubber  or  on  springs.  This  would 
also  reduce  shock-demagnetization 
of  meter  permanent  magnets. 

Small  jewel  bearings  might  be 
spring-cushioned  against  collars, 
so  that  the  springs  would  absorb 
shock.  At  the  same  time,  the  bear- 
ing clearance  might  be  made  ad- 
justable. 

Meter  hair-springs  can  buckle 
up  from  severe  vertical  shock  as 
well  as  from  overload  current.  Not 
only  will  hair-springs  buckle  up 
under  such  a condition  but  they 
may  also  jam  up  in  the  fine  turns 
of  wire  on  the  crossbar  counter- 
weights. Again,  this  points  out  the 
need  for  some  sort  of  light-weight 
disks  or  crossbars  next  to  the 
pivot  hair-springs  to  prevent  buck- 
ling action. 

Analyzer  wiring  should  be 
arranged  and  secured  with  an  eye 
to  shock  and  vibration  conditions. 
Constant  shock-flexing  of  wiring 
will  result  in  crystallization  at 
connection  points,  and  breakage 
and  opens.  Similarly,  if  resistors 
are  allowed  to  hang  loosely,  or 
have  wiring  or  other  components 


3 hanging  from  them,  the  internal! 
t connections  may  work  loose. 

Water  and  Dist-ProoSig 

- Field  service  conditions  often 
require  the  use  of  an  analyzer  un- 
‘ der  rain,  snow,  dust  or  fume  con- 
ditions. Protective  covers  cannot 
; be  kept  closed  while  tests  are  be- 
ing conducted,  especially  on  an 
emergency  job.  For  this  reason,  in- 
dustrial analyzers  should  be  water 
and  dust-proofed. 

The  meter  panel  can  be  recessed 
in  a rubber-gasketed  groove  in  the 
analyzer  case.  Test-lead  jacks  and 
binding  posts,  and  the  meter  itself, 
can  be  set  in  rubber-washer 
mountings.  The  individual  com- 
ponents can  themselves  be  water- 
proofed. 

Analyzer  case  covers  could  be 
rubber  gasketed  and  could  con- 
tain a water-tight  plastic  window, 
so  that  under  severe  conditions  the 
cover  could  be  closed  down  and 
readings  taken  through  the  win- 
dow. 

Wiring  should  employ  one  of  the 
new  synthetic-resin  plastic-insu- 
lated wires  now  available.  Such  in- 
sulation is  practically  moisture, 
chemical,  fungus  and  corrosion- 
proof.  The  40  and  50-pa  meters  are 
highly '.sensitive  and  some  older 
insulations,  tightly  laced,  often  de- 
velop too  much  leakage  error, 
especially  in  the  case  of  outdoor 
field-duty  analyzers. 

Soldered  connections  should  be 
cleaned  off  with  carbon  tetrachlor- 
ide during  analyzer  production, 
since  most  fluxes  are  hygroscopic. 
The  consequent  moisture  absorp- 
tion results  in  chemical  and  elec- 
trolytic corrosion  at  connections. 
It  is  advisable  to  paint  over  sol- 
dered joints  with  Glyptal,  Dolph’s 
Oil  or  asphalt  paint  such  as  Rub- 
beroid.  This  is  especially  im- 
portant where  chemical  fumes  may 
later  be  present.  Corrosion  is 
especially  troublesome  at  selector- 
switch  connections. 

Where  severe  moisture  condi- 
tions are  apt  to  be  encountered,  it 
is  advisable  to  provide  for  an 
easily  and  externally  replaceable 
cartridge  of  silica  gel  or  some  sim- 
ilar hygroscopic  desiccant  chem- 
ical in  order  to  keep  the  analyzer 
interior  dry. 

Water-proofing  the  analyzer 
automatically  keeps  it  dust-proof. 
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This  is  of  great  advantage  where 
testing  must  be  carried  out  on, 
say,  a steel  construction  job. 
Metallic  dust  and  fragments  work 
their  way  into  the  usual  commer- 
cial analyzer  and  into  the  meter 
, coil  or  magnetic  air  gap.  This  re- 
sults in  a sticky  or  jamming  in- 
strument, and  the  trouble  cannot 
usually  be  corrected  by  blowing 
out  or  jarring. 

Ordinary  dust  will  also  cause 
| some  trouble.  It  coats  internal 
i analyzer  wiring  and  circuit  com- 
ponents and  insulation  surfaces, 
moisture  is  absorbed  by  this  dust 
film  and  leakage  paths  and  corro- 
sion are  set  up. 

Design  Suggestions 

Batteries  replaceable  from  the 
outside  of  an  analyzer  through 
water-tight  covers  would  be  a 
time-saving  convenience  and 
would  stop  unnecessary  punish- 
ment of  the  analyzer  wiring  and 
components  during  the  replace- 
ment routine. 

I Wider-scale  meters  are  needed 
in  analyzers.  They  save  eye  and 
nerve-strain,  especially  in  poor- 
visibility  field  conditions. 

Shoulder-straps  are  useful  for 
analyzer  cases  used  out  in  the  field. 
Ladders  and  scaffolding  can  be 
more  easily  and  safely  climbed 
■j  with  the  analyzer  slung  from  a 
shoulder. 

Spring  clips  for  securing  test 
leads  would  be  a convenience 
where  the  open-faced  type  an- 
alyzer is  involved.  This  would  pre- 
vent loss  of  the  test  leads  and 
, w°uld  also  increase  the  portability 
of  the  analyzer. 

Some  sort  of  an  air-gap  shield 
it  might  be  advisable  for  field-type 
analyzer-meters.  It  would  tend  to 
ii!  "keep”  the  permanent  magnet  and 
would  also  discourage  the  migra- 
ir"  t‘0n  of  metallic  dust  into  the  air- 
gap  by  reducing  the  magnet’s  stray 
magnetic  field. 
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Analyzer  Range  Needf 

Many  commercial  analyzers 
eave  a low-range  ohmmeter  scale 
w'th  a center-scale  reading  of  30 
to  ohms,  which  is  too  high  for 
most  practical  work.  The  center- 
scale  reading  should  not  be  more 
man  10  or  15  ohms,  so  that  resist- 


ances  of  one-tenth  or  one-ei 
»hm  could  be  easily  read.  R 
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A typical  (hip  yard.  In  which  tent  equipment  used  during  the  repair  ol  dam- 
aged electronic  and  electrical  gear  is  .ublected  to  necwearily  rough  uwge. 
Test  equipment  used  in  many  Industrial  plants  encounters  similar  conditions 


ance  readings  lower  than  this  are 
not  usually  required.  Terminal- 
lug,  plug,  switch  and  cable-copper 
series-resistance  total  up  to  one 
or  two  ohms  for  frequently  en- 
countered cable  runs.  Where  very 
low  resistances  must  be  read  in 
special  instances,  a Kelvin  bridge 
or  Wheatstone  bridge  should  pref- 
erably be  used. 

The  usual  ohmmeter  doe3  not 
have  a high  enough  ohmmeter 
scale.  It  should  be  readable  to 
about  five  megohms,  since  some 
cable  specifications  call  for  insula- 
tion readings  of  about  five  meg- 
ohms for  normal  cable  lengths  and 
operating  temperatures.  Such  a 
high-range  scale  is  a convenience 
and  a time-saver,  since  sectional 
preliminary  ground  checks  can  be 


e made  before  a final  over-all  Meg- 
. ger  or  electronic  megohmmeter  in- 
r sulation  test  is  made.  The  average 
e battery-powered  high-range  ohm- 
[-  meter  will  usually  read  about  one- 
y third  to  one-fifth  too  high  as  com- 
n pared  to  the  high-voltage  insulation 
e testers  but  will  generally  show  up 
l-  all  low  and  medium-resistance 
grounds  and  leaks. 

it  Most  analyzers  lack  a 500-volt 
,r  range.  There  is  usually  a 750-volt 
o jump  from  the  250  to  the  1,000- 
|e  volt  range.  A great  deal  of  the 
postwar  radio  and  electronic  fol- 
low-up  equipment  will  probably 
d use  amplifier-circuit  voltages  in 
a the  250  to  500-volt  range.  The 
:e  more  common  use  of  a 500-volt 
jl  scale  would  save  many  man-hours 
,e  of  test  work  in  the  field. 
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Crystal-Tuned  f 


Frequency -mod  ulation  broad- 

casting has  been  proposed  as 
a greatly  improved  medium  for  pro- 
viding a high-quality  transmission 
of  programs,  unmarred  by  back- 
ground noise,  static  and  man-made 
electrical  interference.  While  a 
number  of  radio  engineers  take  a 
controversial  point  of  view,  f-m  is 
here  to  stay  and  has  already  re- 
ceived promising  commercial  ac- 
ceptance. 

To  fully  secure  the  benefits  of  f-m 
it  is  necessary,  among  other  things, 
that  accurate  tuning  means  be  pro- 
vided in  the  receiver.  The  heart  of 
receiver  stability  lies  in  the  local 
oscillator  and  i-f  system.  Only  with 
proper  stability  will  the  noise-free 
and  distortionless  capabilities  of 
f-m  reception  be  attained. 

The  purpose  of  this  paper  is  to 
take  up  engineering  and  commer- 
cial considerations  that  will  show 
the  benefits  to  be  derived  from  the 
use  of  quartz  crystals  as  the  means 
of  obtaining  stability  hitherto  un- 
realized, in  a manner  practical  from 
design  and  cost  viewpoints  and  at- 
tractive from  sales  and  advertising 
angles. 

When  the  receiver  to  be  described 
was  designed  and  built  the  final 
f-m  allocations  were  far  from  set- 
tled, consequently  it  was  made  for 
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the  42-50  me  f-m  band.  Some  of  the 
necessary  changes  for  operation  at 
the  new  frequencies  will  be  dis- 
cussed. 

Oscillator  and  l-P  Design 

Desirable  stability  has  been  ex- 
pressed as  ±0.01  percent  of  carrier 
or  ±5  kc  at  50  me.  This  stability, 
neglecting  variations  in  transmit- 
ter carrier  center  frequency,  may 
be  expressed  as  the  permissible  fre- 
quency drift  in  the  local  oscillator 
over  temperature  ranges  from  40 
to  120  F and  over  humidity  condi- 
tions between  5 and  100  percent  for 
relatively  long  periods  of  time. 

The  transmitter  channel  accuracy 
is  held  to  within  0.002  percent 
(±1000  cycles).  The  receiver  de- 
sign engineer  is,  therefore,  faced 
with  a problem  of  maintaining  de- 
sign and  production  tolerances  in 
his  oscillator  and  i-f  system  to 
within  ±4  kc  for  the  lower-fre- 
quency f-m  band.  At  the  new 
higher  frequencies,  holding  the  lo- 
cal oscillator  to  required  stability 
will  be  even  more  difficult.  To  ap- 
proach this,  using  a self -excited  os- 
cillator, the  entire  system  must 


make  use  of  closely  calibrated  ca- 
pacitors and  trimmers  having  neg- 
ative temperature  coefficient,  and  ? 
low-thermal  - expansion  materials  .j, 
for  coil  forms,  switch  wafers,  sock- 
ets, etc.  Low-expansion  metals  (In- 
var  or  similar)  for  powdered  iron  ,.j 
inductance  trimmer  mountings  and/ 
or  variable  capacitor  components  r» 
are  all  considerations  that,  in  addi- 
tion to  posing  major  design  diffi- 
culties, certainly  fall  in  the  cate- 
gory of  expensive. 

The  burden  on  the  design  engi- 
neer will  be  considerably  reduced 
if  he  has  readily  available  an  eco- 
nomical and  simple  means  of  hold-  'k 
ing  one  major  section  within  very 
close  limits.  This  would  apply  - 
either  to  the  local  oscillator  or  the 
i-f  channel.  Whichever  one  is  eas- 
ily held  within  close  tolerances  ob- 
viously allows  more  leeway  in  the  ■; 
other. 

Advantages  of  9«arti  Crystals 

From  the  above  considerations 
and  others  which  will  be  explained 
in  detail,  it  was  decided  to  approach 
the  local  oscillator  problem  by  ap- 
plying quartz  crystals  in  such  a | 
manner  as  to  realize  their  inherent 
frequency  stability. 

Quartz  wafers  may  be  processed 
to  provide  almost  inconceivable  ac- 


lop  and  bottom  vi.w,  o.  chamt.  of  laboratory  model  Halation  erystal-tunod  1-m  receiver.  High.s.quallty  part.  were  us*! 

throughout  sines  production  snginssring  was  not  required 
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Quartz  crystals  in  the  oscillator 
stage  of  a superheterodyne  f-m 
receiver  provide  hitherto  unreal- 
ized stability,  make  tuning  inde- 
pendent of  listener  skill,  and  offer 
other  advantages 


TABLE  I.  FREQUENCY  VALUES  FOR 
NINE-STATION  F-M  RECEIVER 


Station 

Freq. 

in 

me 

Osc. 
Freq. 
in  me 

Crystal 
Freq. 
in  me 

W2XMN 

42.8 

27.8 

5.56 

WNYC-FM 

43.9 

28.9 

5.78 

WGYN 

44.7 

29.7 

5.94 

WEAF-FM 

45.1 

30.1 

6.02 

WQXQ 

45.9 

30.9 

6.18 

WHNF 

46.3 

31.3 

6.26 

WABC-FM 

46.7 

31.7 

6.34 

WBAM 

47.1 

32.1 

6.42 

WABF 

47.5 

32.5 

6.50 

Closeup  of  oscillator  and  mixer  stages,  in  black  metal  boxes. 

The  plug  in  quarts  crystals  are  readily  changed.  Since  two 
trimmers  are  associated  with  each  crystal,  only  two  adjust- 
ments need  be  made  after  a new  crystal  is  inserted 


curacy  of  frequency  control.  On  a 
laboratory  basis,  one  part  in  5 mil- 
lion (0.0002  percent)  is  common. 
On  a production  basis,  economical 
performance  can  be  realized  within 
0-001  percent,  which  is  300  cycles 
at  30  me.  Variations,  due  to  tem- 
perature and  humidity  conditions, 
result  in  an  additional  0.004  per- 
cent—a total  deviation  of  0.005 
percent  or  roughly  1500  cycles.  This 
allows  a margin  of  ±8  kc  overall, 
a readily  obtainable  result  with 
standard  components. 

Other  advantages  to  be  realized 
from  the  use  of  quartz  crystals  in 
the  local  oscillator  of  an  f-m  cir- 
cuits are 

(1)  Most  existing  f-m  receivers 
are  subject  to  wide  drift  which 
during  the  first  half-hour  of  oper- 
ation necessitates  retuning  until 
temperature  stability  has  been  es- 
tablished, and  still  requires  occa- 
sional retuning  thereafter.  The  use 
°f  quartz  control  eliminates  this 


undesirable  condition,  if  design  con- 
siderations outlined  above  are  fol- 
lowed. 

(2)  Crystal  control  circuits  lend 
themselves  to  practical  applications 
of  pushbutton  or  fixed  station  tun- 
ing. This  is  particularly  important 
in  view  of  the  fact  that  conven- 
tional LC  pushbutton  circuits  above 
20  me  are  a major  design  and 
manufacturing  problem.  Further- 
more, manual  tuning  devices  for 
f-m  require  repeated  attention  and 
skill  on  the  part  of  the  user  if  opti- 
mum performance  is  to  be  realized. 
In  fact,  conventional  tuning  is  im- 
practical unless  combined  with,  a 
suitable  (and  expensive)  tuning  in- 
dicator device. 

(3)  From  an  economic  stand- 
point, the  comparative  cost  of  a 
properly  designed  8 or  10-position 
crystal  tuner  is  not  unfavorable 
when  measured  against  the  cost  of 
one  manual  tuner  with  proper  in- 
dicator or  pushbutton  tuner  of  con- 


ventional design,  or  a combination 
of  the  two.  This  is  particularly  true 
if  the  advantages  and  better  per- 
formance of  crystal-controlled  cir- 
cuits are  taken  into  account.  In 
other  words,  it  is  possible  to  justify 
and  even  capitalize  through  sales 
and  advertising  on  the  benefits  of 
crystal  operation. 

(4)  Fixed  crystal  tuning  has 
sales  and  service  advantages  un- 
realized in  conventional  types  of 
fixed  station  tuning. 

(5)  Factory  and  service  align- 
ment is  simplified  by  using  crystals. 

Dailga  Data 

To  illustrate  the  principle  of 
crystal  control,  a model  receiver  op- 
erating in  the  lower-frequency  f-m 
band  (42  to  50  me)  was  designed 
and  built.  For  a tuning  range  of  40 
to  50  me,  the  i-f  band  width  was 
±100  kc,  and  crystal  oscillator  sta- 
bility at  the  5th  harmonic  was  bet- 
ter than  ±1.5  kc.  The  overall  sta- 
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bility  (including  station  drift)  was 
±8  kc.  Audio  response  was  80  to 
15,000  cycles,  as  checked  over  the 
air  in  cooperation  with  an  f-m  sta- 
tion. Overall  sensitivity  was  better 
than  10  microvolts. 

Crystal  Frequency  Considerations 

In  selecting  the  fundamental 
crystal  frequencies,  caution  should 
be  exercised  so  that  none  of  the 
crystal  harmonics  will  equal  the  i-f 
value.  Other  considerations  are 
manufacturing  ease,  temperature 
drift,  and  economy  of  quartz. 

It  was  decided  to  use  crystals 
having  fundamental  frequencies 
between  5 and  8 me  as  they  are  eas- 
ily made  and  are  comparatively 
rugged. 

An  i-f  value  of  15  me  was  chosen, 
for  reasons  to  be  taken  up  later. 
With  this  i-f  value,  the  local  oscil- 
lator frequencies  needed  for  f-m 
stations  currently  occupying  the 
42-50  me  band  in  the  New  York 
area  are  as  indicated  in  Table  I. 

Inspection  of  the  table  will  make 
it  apparent  that  the  fifth  harmonic 
of  the  crystal  is  used  for  the  local 
oscillator  frequency. 

Oscillator  Circuit  Design 

It  was  necessary  to  develop  a 
crystal  oscillator  circuit  that  would 
give  sufficient  output  on  the  fifth 
harmonic  and  suppress  the  adjacent 
harmonics  on  either  side.  This 
means  that  the  plate  circuit  of  the 
oscillator  must  have  high  Q in  or- 
der to  accentuate  the  desired  and 
to  attenuate  the  unwanted  har- 
monics. 


The  complete  schematic  circuit 
diagram  in  Fig.  1 shows  the  oscil- 
lator circuit  used.  An  output  of  15 
to  20  volts  is  obtained  at  the  fifth 
harmonic,  measured  across  the 
plate  tank  of  the  crystal  oscillator 
tube,  depending  on  the  activities  of 
the  crystals.  Crystals  with  activ- 
ities readily  obtainable  in  mass  pro- 
duction were  used  throughout. 

Considerable  time  was  spent  on 
this  particular  circuit  development. 
Screen  grid  and  control  grid  feed- 
back is  used  to  help  maintain  oscil- 
lation. The  circuit  will  oscillate 
when  a crystal  is  plugged  into  one 
of  the  sockets.  Oscillation  is  not 
dependent  on  the  setting  of  the 
plate  LC  load.  The  plate  tuned  cir- 
cuit is  used  only  for  harmonic  ac- 
centuation and  attenuation,  as 
previously  explained. 

Oscillator  voltage  is  injected  into 
the  control  grid  of  the  mixer  tube 
through  a small  capacitor,  the  value 
of  which  has  been  chosen  to  put  an 
optimum  voltage  on  the  mixer  tube 
grid  for  best  conversion.  Other 
means  of  voltage  injection  may  be 
used,  but  the  above  means  was  ex- 
pedient. The  antenna  is  fed  directly 
into  the  mixer  grid  coil  by  induc- 
tive coupling. 

The  crystal  frequency  can  read- 
ily be  determined  from  the  formula 
f = (f0  — fi)/n,  where  f is  the 
crystal  frequency,  f„  is  the  carrier 
frequency,  /,  is  the  intermediate 
frequency,  and  n is  the  harmonic 
order  integer  applicable. 

A three-deck,  eight-position  ro- 
tary switch  is  incorporated  for  se- 
lecting stations.  A rotary  switch  is 


used  in  preference  to  a pushbutton-  -* 
type  switch  for  ease  of  assembly,  ■'* 
attainment  of  shorter  leads  and  :I 
self-wiping  action  obtainable.  * 

■J 

Intahnediata-Fraquancy  Consideration  >t 

Although  the  present  f-m  band  is  3 
only  8 me  wide,  FCC  reports  makes  :® 
it  likely  that  ultimately  an  f-m  hand 
30  me  wide  will  be  in  existence.  The  1 
i-f  value  should  be  at  least  half  of  - 
that  width  (15  me)  in  order  to  a 
eliminate  images  within  the  band,  3 
hence  15  me  was  chosen  for  the  ex-  :: 
perimental  model. 

Another  consideration  is  that  the  1 
higher  the  i-f  value  the  lower  the  -3 
oscillator  frequency,  with  the  oscil-  - 
lator  on  the  low  side  of  the  carrier  - 
frequency.  The  use  of  a 15-mc  i-f  1 
value  also  eliminates  the  need  for 
an  r-f  stage  ahead  of  the  mixer  for 
suppressing  image  response.  The  - 
antenna  and  tuned  input  to  the 
mixer  grid  provide  sufficient  selec- 
tivity. 

Coastructloa  Details 

The  laboratory  model,  multi-sta- 
tion f-m  receiver  using  a crystal- 
controlled  local  oscillator  was  built 
to  study  the  effects  of  crystal  con- 
trol on  reception  of  eight  f-m  sta- 
tions in  the  New  York  area. 

Two  meters  were  placed  on  the 
panel  to  make  the  receiver  self-suf- 
ficient in  that  no  other  test  equip- 
ment is  necessary  for  alignment. 
Operating  parameters  are  easily 
and  quickly  determined  from  the 
meter  readings.  A rotary  selector 
switch  allows  either  or  both  meters- 
to  be  cut  out  of  the  circuit. 


FIG.  I Schematic  circuit  diagram  oi  laboratory  model  crystal-tuned  1-m  receiver  employing  an  8-positlon  station 
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The  crystal  oscillator  and  mixer 
are  built  into  a separate  6x5x4- 
inch  metal  box,  filament  and  plate 
power  being  supplied  through  cera- 
mic feed-through  insulators.  Ca- 
bles and  fittings  are  used  for  an- 
tenna input  and  for  feeding  from 
the  mixer  plate  to  the  i-f  input. 

The  i-f  and  audio  stages  are  on  a 
8 x 17  x 3-inch  chassis,  with  i-f 
stages  built  in  line  along  the  front, 
and  audio  stages  occupying  the  rear 
of  the  chassis.  Power  is  supplied 
from  an  external  source. 

The  i-f  limiter,  discriminator 
and  audio  stages  are  conventional 
and  require  little  explanation. 

The  unusually  large  number  of 
mica  bypass  capacitors  is  due  to 
the  fact  that  the  receiver  was  de- 
signed as  a laboratory  model,  no  ex- 
pense being  spared  in  its  construc- 
tion and  no  production  engineering 
being  done.  However,  if  the  power 
supply  is  combined  on  the  same 
chassis,  the  0.01-/if  filament  and 
power  supply  bypass  capacitors  will 
not  be  needed.  For  i-f  bypass  ca- 
pacitors, paper  may  be  substituted 
for  mica.  However,  if  oscillations 
should  occur  due  to  the  increased 
inductance  of  the  paper  capacitors, 
mica  will  have  to  be  used.  The  use 
of  any  paper  capacitors  in  the  r-f 
unit  is  contraindicated. 

Alignment  Procedure 

During  alignment,  the  0-200 
carrier  level  meter  is  connected  in 
series  with  the  limiter  grid  and  is 
used  for  aligning  the  i-f  amplifier 
and  checking  carrier  levels  of  sta- 
tions. The  50-0-50  /ia  deviation 


meter  is  connected  across  the  dis- 
criminator and  is  used  for  balanc- 
ing the  discriminator  and  for  ob- 
serving crystal  drift.  Alignment 
of  the  i-f  amplifier  is-  effected  by 
sweep  generator  methods. 

Insert  the  complement  of  station 
crystals.  Make  sure  stations  are  on 
the  air,  rotate  the  selector  switch 
to  the  proper  channel,  and  carefully 
adjust  the  oscillator  trimmer  and 
mixer  trimmer  for  maximum  lim- 
iter grid  current  This  is  done  for 
each  station. 

Unless  each  crystal  is  on  the  ex- 
act required  frequency  the  discrim- 
inator meter  will  not  read  zero.  The 
reading  for  each  station  will  vary 
plus  or  minus  from  zero  depending 
on  how  far  off  the  crystal  happens 
to  be.  Movement  of  this  meter  read- 
ing over  a period  of  time  will  show 
crystal  drift;  station  carrier  shift 
will  also  be  indicated,  but  this  may 
be  neglected. 

Condition 

At  the  time  of  this  writing  the 
above  receiver  has  been  in  opera- 
tion every  day  for  over  two  months. 
From  the  time  it  was  initially 
aligned  it  has  not  been  touched. 

The  maximum  drift  observed  has 
been  about  3 kc.  This  drift  is  an  ac- 
cumulation of  several  factors,  such 
as  aging,  heat,  humidity,  line  volt- 
age fluctuations,  and  station  center 
frequency  deviation. 

In  order  to  check  drift  the  read- 
ing of  the  deviation  meter  must  be 
correctly  evaluated. 

From  a serviceman’s  point  of 
view,  alignment  is  swift  and  sure. 


Front  Ttiw  ol  cryltal-tunod  riceiTei. 
Laigi  knob  at  cintir  controls  8-posltlon 
rotary  uloctor  switch  prodding  instant 
choice  oi  eight  preselected  i-m  stations 

Listeners  will  have  a receiver  that 
will  always  give  them  f-m  at  its 
best  without  the  need  of  careful 
tuning,  as  there  is  no  tuning. 
Should  the  listener  move  to  another 
area,  different  crystals  can  be 
plugged  in  to  cover  stations  in  the 
new  locality  and  the  r-f  trimmers 
quickly  realigned. 

Whereas  the  above  analysis  has 
dealt  chiefly  with  the  receiver  de- 
sign for  the  present  f-m  band 
(42-60  me),  the  considerations 
shown  become  of  even  greater  im- 
portance in  the  new  band  (88-106 
me) . 

For  operation  in  the  higher-fre- 
quency band  the  i-f  and  audio  sys- 
tems remain  the  same.  The  r-f  unit 
will  have  to  be  modified.  All  com- 
ponents comprising  the  unit  should 
be  arranged  to  result  in  the  short- 
est possible  leads.  Heavy  wire,  such 
as  No.  6 or  8 or  small  diameter  cop- 
per tubing,  preferably  silver  plated, 
will  make  ideal  inductances.  Un- 
doubtedly, some  of  the  new  high- 
frequency  miniature  tubes  will  give 
superior  performance,  especially  in 
the  mixer  stage. 
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••lector  twitch  that  makes  tuning  independent  ol  listener  skill 
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Summary 

Optimum  f-m  reception  requires 
a high  degree  of  tuning  accuracy 
and  stability.  The  use  of  quartz 
crystals  in  the  local  oscillator  of  an 
f-m  receiver  is  the  most  economical 
means  of  obtaining  the  desired  re- 
sult while  permitting  the  balance 
of  the  receiver  to  follow  conven- 
tional lines  of  design  and  manufac- 
facture.  In  addition,  crystal-tuned 
f-m  receivers  provide  instant,  ex- 
act, and  stable  tuning  that  insures 
optimum  performance  independ- 
ently of  the  user’s  skill.  Finally, 
crystal-tuned  f-m  receivers  will  be 
much  easier  to  service  and  main- 
tain and  will  minimize  the  equip- 
ment and  skill  of  the  serviceman. 
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FIG.  1 — Example  showing 
how  addition  of  first  duos 
principal  components  E0, 
Flf  and  Ea  gives  a reason- 
ably close  approximation 
Er  to  a pure  triangular 
wave 


Simple  procedure  for  determining  equation  of  wave  and  harmonic  amplitudes  up  to  the 
six  by  measuring  ordinates  on  a cathode-ray  oscilloscope  screen  or  elsewhere,  then  sub- 
stituting measured  values  in  6,  8,  or  12-point  schedules  requiring  only  use  of  arithmetic 
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The  determination  of  the  d-c 
and  various  a-c  components  of 
a complex  or  distorted  wave  (such 
as  might  be  seen  on  an  oscilloscope 
screen)  is  frequently  of  consider- 
able importance  and  value  to  both 
the  student  and  the  engineer.  The 
graphical  method  presented  here 
will  yield  this  information  with 
sufficient  detail  and  accuracy  for 
all  ordinary  needs,  is  purely  arith- 
metical, and  requires  no  long  or  in- 
volved calculations. 

PriadplM  of  Method 

Any  sine-wave  voltage  making  a 
specified  angle  with  the  time  base 
can  be  represented  by  a sine-wave 
voltage  (in  phase  with  the  time 
base)  and  a cosine-wave  voltage  (a 
sine  wave  90°  out  of  phase  with  the 
time  base),  each  having  the  proper 
magnitude.  The  reason  for  the 
utilization  of  this  principle  is  that 
often  one  of  the  sine-wave  com- 
ponents of  a complex  wave  is  out  of 
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phase  with  the  time  base  of  the 
complex  wave.  In  the  analysis  to 
follow,  such  a component  will  ap- 
pear as  a sine  and  a cosine  term, 
and  to  obtain  the  magnitude  of  the 
actual  component  (and  its  phase 
angle  if  desired),  these  two  terms 
are  simply  added  vectorially. 

Any  continuous  and  periodic  com- 
plex wave  of  voltage  (or  current) 
can  be  duplicated  by  adding  to- 
gether a number  of  separate  volt- 
ages (or  currents),  each  of  which 
is  a simple  sine  or  cosine  wave  form 
of  proper  magnitude  and  frequency 
plus,  in  some  cases,  a d-c  voltage 
(or  current).  Further,  the  fre- 
quencies of  these  a-c  voltages  will 
be  integral  multiples  (harmonics) 
of  the  frequency  of  the  complex 
wave. 

As  an  example,  consider  the  tri- 
angular wave  shown  in  Fig.  1A 
having  a peak  value  of  1 volt  and 
a period  of  1/10  sec  (frequency  10 
cycles).  The  Fourier  analysis  of 


this  particular  wave  shows  its  prin- 
cipal components  to  be  a d-c  voltage 
of  0.5  volt,  an  a-c  voltage  of  0.405 
volt  at  10  cycles  with  a phase  angle 
of  —90°,  and  an  a-c  voltage  of 
0.046  volt  at  30  cycles  with  a phase 
angle  of  —90°. 

Figure  IB  shows  the  results  of 
adding  together  these  first  three 
principal  components,  which  gives 
a reasonably  good  approximation  of 
the  original  triangular  wave.  Of 
course  the  wave  contains  an  infinite 
number  of  higher-order  components 
other  than  those  named,  but  they 
are  of  rapidly  decreasing  magni- 
tude. (The  next  two,  the  5th  and 
7th,  have  magnitudes  of  0.0162  and 
0.00827  respectively). 

We  may  summarize  these  princi- 
ples by  stating  that  the  equation  of 
the  general  complex  wave  may  be 
written  in  the  form 

Be  — E0  + (eisin2x ft  + Eicos2x/0  + 
(e«n2x2/l  + AcosMft)  + 

(<*sin2x3/i)  + E,coe2x3ft)  + . ■ • + 

(e,sin2xn/f)  -f  £,cos2xn/() 
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where  E,  is  the  d-c  component,  e,  + 
jE,  is  the  fundamental  a-c  compo- 
nent (having  the  same  period  as 
that  of  the  complex  wave) , e,  + jE, 
is  the  second  harmonic  a-c  compo- 
nent (having  a period  one-half  that 
of  the  complex  wave) , etc.  In  a large 
number  of  practical  cases,  we  are 
only  interested  in  the  first  two  or 
three  a-c  components  of  a complex 
wave  because  the  magnitudes  of  the 
higher-order  components  are  small. 


Utilizing  the  above  formula  and 
the  principles  just  discussed,  let  us 
analyze  one  cycle  of  the  general 
complex  wave  of  period  1 ff  sec  (fre- 
quency /),  shown  in  Fig.  2,  for  the 
d-c  and  first  three  a-c  components. 

Analysis  of  General  Complex  Wave 

First,  we  divide  the  period  of  one 
cycle  of  the  complex  wave  (1  //  sec) 
into  six  equal  intervals  of  1/6/  sec 
each.  From  the  graph,  we  measure 


the  instantaneous  values  of  the  com- 
plex wave  at  these  time  intervals, 
noting  the  respective  values  as  F., 
Y„  ys,  etc.,  and  tabulate  as  follows : 

1 2 3 4 5 _1_ 

Time  (seo)  6/  6/  6/  6/  6/  / 

Inst,  values  Y\  Yt  Yi  Yi  Yi  Yt 

Since  the  value  of  the  complex 
wave  at  any  instant  must  be  equal 
to  the  algebraic  sum  of  its  compo- 
nents at  that  instant,  we  may  write 
the  following  equations 


-COMPLEX  WAVE 


W>S£^W 


TIME  IN  SEC 


nG-  J— Complex  wave,  showing  method  o!  measuring  ordinates  for  a sh^int  analysts.  The  dc  c ^ , and  are  not  needed  in 

“®ronents  are  drawn  in  here  only  lor  illustrative  purposes  without  any  attempt  to  show  correct 

the  graphical  analysis  described 
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At.S  “ 1/6/  gee: 

«*  - K.  - 2,  + 

eisjn2g/  X 1/6/  + E,coa2*/  x 1/6/  4 
«isin2x  X 2/  X 1/6/  + 

&cos2t  X 2/X  1/6/  + 

■Sicosar  X 3/  X 1/6/ 

At  t = 2/6/  eec: 

®.  = F.=  E„4- 

ftsm2r/  X 2/6/  + E,coe2ir/  X 2/6/  + 
e*w2*  X 2/  X 2/6/  4 
E,cos2x  X 2/  X 2/6/  + 

Aicoa2ir  X 3/  X 2/6/ 

Att  = 3/6/  sec: 

e»  = r,  = e„  4 

«tsin2x/  X 3/6/  4-  B,cob2x/  X 3/6/  4- 
e*n2»  X 2/  X 3/6/  + S 
£tcos2x  X 2/  X 3/6/  4- 
£]Cos2x  X 3/  X 3/6/ 

At  t = 4/6/  sec: 

E*  = F|  * 2,  4 

«,ain2ir/  X 4/6/  + E,cos2,r/  X 4/6/  + 
«jsin2x  X 2/  X 4/6/  4 
2>cos2t  X 2/  X 4/6/  + 

B,cos2x  X 3/  X 4/6/ 

At’f  = 5/6/  sec: 

2*  = Y,  = E„  + 

ftsn2r/  X 5/6/  + E,coa2*/  X 5/6/  + 
«.sin2ir  X 2/  X 5/6/  + 

E«cos2t  X 2/  X 5/6/  4 
EtcoaZr  X 3/  X 5/6/ 

At  ( = 1//  aec: 

Em  53  Vi  = Eo  4 

e,mn2rf  X 1//  4 2jcos2v/  X 1//  + 
ftsin2r  X 2/  X 1/f  + 

E,cos2t  X 2/  X 1/f  + 

E, cob2t  X 3/  X 1// 

These  six  equations  become,  after 
simplification  and  substitution  of 
trigonometric  values 

Yi  = E,  + (1/2/E,  4 ( V3/2)«,  - 
(l/2)E,4-(V3/2)e,  - 2, 
y,  = E,  - (1/2)2,  4 ( V3/2)e,  - 
(1/2)2,-  (V3/2)e,  + 2« 

= i^e  — i?i  -f*  Et  — Ea 
Y,  =‘2,  - (1/2)2,  - ( V3/2je,  - 
(l/2)2,  + (V3/2)e,+  2, 
y,  =,2.  + (1/2)2,  - ( V3/2)e,  - 
(1/2)2,  - (V3/2)e,  - 2, 
y»  = 2»  4 2,  4 Et  4 2, 

We  now  have  six  linear  simultan- 
eous equations  containing  six  un- 
knowns E„  Elt  e„  E„  e,,  and  E,. 
(The  Y values  are  known,  having 
been  measured  from  the  graph.) 
When  solved,  these  equations  give 
the  values  set  forth  in  Table  I for  a 
six-point  analysis.  Corresponding 
formulas  for  the  eight  and  twelve- 
point  methods,  also  given  in  Table 
I,  are  derived  in  the  same  manner 
and  are  used  when  it  is  necessary  to 
take  a greater  number  of  points  in 
order  to  secure  more  detailed  and 
accurate  results.  The  d-c,  funda- 
mental, and  harmonic  components 
are  obtained  from  these  values  in 
the  manner  indicated  at  the  bottom 
of  the  table. 

The  phase  angles  of  the  various 
a-c  components  with  the  time  base 
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TABLE  I.  SCHEDULES  FOR  GRAPHICAL  ANALY 
COMPLEX  WAVES 


SIX-POINT  SCHEDULE — for  d-c,  1st,  2nd,  and  3rd  hinanw^  ' 

Eo  = (1/6)  (K,  + Y,  + Y,  + Yt  + r.  + y.) 

2,  = (1/6)  (K,  — Yt  - Y,  4-  Yi)  4-  (1/3)  (-  Y,  4 Yi) 
e,  = ( V3/6)  (y,  + V.-V,-  Yi) 
e,  = (i/6)  (-  y,  - y,  - y,  - Yt)  + (i/3)  (Y,  4 y.) 
e,-  (V3/6)  (y,  - y,4-  y,-  y.) 
e,  = (i/6)  (-  y,  + y,  - y,  4-  Yt  - y.  + y«) 

EIGHT-POINT  SCHEDULE  — for  d-c,  1st,  2nd,  3rd,  and  4th  hunwj^ 
E0  =>  (1/8)  (y,  4-  y»  4-  Y,  4-  Yt  4-  ft  4-  Y,  4 ft  4 ft) 

2,  = ( V 2/8)  (y,  - y,  - y,  4-  y7)  + a/4)  (~  ft  + y,) 
e,  = ( V2/8)  (ft  4-  ft  - ft  - ft)  + a/4)  (ft  - ft) 

2,  = d/4)  (-  y,  4-  y,  - y.  4-  y.) 
e,  = d/4)  (y,  - ft  4 ft  - y,) 

Ei  = ( V2/8)  (-  y,  4-  y.  4-  y,  - y?)  4-  (1/4)  (-  y,  + y,) 

ft  = ( V2/8)  (-  Yt+Y,-Ys-  Y,)  4-  d/4)  (-  ft  4 Yi) 

El  = (1/8)  (-  y,  4-  Yi  - Y,  4-  Yi  - Yi  4-  ft  - ft  4 Yi) 

TWELVE-POINT  SCHEDULE— for  d-c,  1st,  2nd,  3rd,  4th,  5th,  udf 
harmonics 

Eo  =(1/12)  (y,  4-  ft  + Y,  + Y,  4-  Y,  4-  Y,  4 ft  4 K«;4*  Y , + Y»i 
4-  Yu) 

2,  = ( V3/12)  (y,  - Yi  - y,  4 yu)  4-  d/i2)  (y,  - y,  - y,  4 r,,)  tf/ 

(1/6)  (—  Yi  4-  Yu) 

e,  = (1/12)  (y,  4 v,  - y,  — y„)  4-  (Vf/12)  (y,  4 y,  - y,  - v,)  d|-: 
(1/6)  (y,  - Y,) 

Ei  = (i/i2)  ( y,  - y,  - r,  4-  y.  4-  y,  - y»  - y,o  4-  yu)  4 a®  (-  \ 
y,  - r,  4-  y«) 

«,  = ( V3/12)  (y,  4-  y,  - Yt  - y,  4-  y,  4 y,  - y„  - y„) 

Ei  = d/6)  (-.y,  4-  y,  - y,  4-  r.  - y,.  4-  y„) 

«,  - (i/6)  (Yt  - y,  + y,  - y7  4-  y.  - y„> 

2,  = (1/12)  (-  y,  - y,  — r,  - y.  - y,  - y»  - y„  - y„)  4 d/6)  (%-:=. 

ye4-y,4-yu) 

*4  = ( V3/12)  (Yt  - y,  4-  Yt  - y,  4-  y,  - y«  4-  y,»  - y„) 

Ei  = ( V3/12)  (-  y,  4-  Yi  + Yt  - Ytt)  4 (1/12)  (Yt  - Y,  - Y,  4 
(i/6) ,(—  y.  4-  yu) 

«,  = (1/12)  (Yt  4-  Yi  - Yt  - yu)  4 ( V3/12)  (-  y.-y,4V,+ 
d/6)  (r,  - Y,) 

Ei  = (i/i2)  (-  y,  4 y,  - y,  4 y,  - y,  4 y.  - y,  4 y,  - v,+j 
- y„  4 y,5) 

SIGNIFICANCE  OF  NOTATIONS 

D-c  component  = Eo  

Fundamental  a-c  component  = ei  4-/2,;  peak  value  = V*,’  4 2,1 
Second  harmonic  a-c  component  = «a  4 /E,;  peak  value  = Vc1  4 ft1 
Third  harmonic  a-c  component  = e»  4- /!?>;  peak  value  = Vt,8  4 2,1 
Fourth  harmonic  a-c  component  = e,  4/2,;  peak  value  = Vt>8  4 
Fifth  harmonic  a-c  component  = ft  4 /E,;  peak  value  = V«,’  4 ft1 
Sixth  harmonic  a-c  component  = 2,  (peak  value) 


of  the  complex  wave  are  generally 
of  no  interest,  but  may  be  obtained 
from  the  complex  notations  if  de- 
sired. 

Example  1 

To  illustrate  the  application  of 
the  formulas  just  developed  for  a 
six-point  analysis,  let  us  analyze 
the  complex  wave  of  Fig.  3,  whose 


period  is  1/10  sec  (frequeqj  " 
cycles).  , 

First,  divide  the  time  perio  ^ 
one  cycle  into  six  equal  inter 
and  measure  the  instantaneous 
ues  of  the  complex  wave  at  I 
times,  tabulating  as  follows:  , 
Point*  Vi  v,  V.  ft  « 

Vnlurn  2 4 1 ' 

Substituting-  these  values  in 

'•*5 

Octobtr  WJ-8£CTK>8< 
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point  formulas  in  Table  I,  we  obtain 

ft-  (1/6)  (2  + 4 + 1-  1-2  + 1)  - 
0.833 

ft.  (1/6)  (2- 4 + 1-2)  + 

(1/3)  (-  1 + 1)  - - 0 6 

* -(V3/6)(2  + 4 + X + ® -2.6 
, ft- h/65  (-2 -4  + 1 + 2)  + 

(1/8)  (1  + 1)  - 0.167 

! * = (V3/6)  (2  - 4 - 1 + 2)  0f89 

I ft  . (1/6)  (— 2 + 4 — 1 — 1 + 2+1)  ■» 
0.5 

The  results  of  the  analysis  are 

D-c  component  — ft  — 0.833  volt 
I Fundamental  are  component  (10  eyclee)  — 

2.6  — j 0.6  — 2.66  volte  (peak) 
i Seoond  harmonic  a-c  component 
1 (20  cycles)  - - 0.289  + j 0.167  - 

0333  volt  (peak) 

Third  harmonic  a-c  component  (80  oyclee) 
- ft  - 03  volt  (peak) 


Example  2 

As  a further  illustration  of  the 
1 method,  let  us  apply  the  twelve- 
point  analysis  to  the  output  wave- 
form of  a 60-cycle  half-wave  recti- 
fier output  having  a peak  value  of 
100  volts.  The  graph  of  this  wave 
form  is  shown  in  Fig.  4. 

Note  that  the  period  of  a com- 
plete cycle  of  this  particular  wave 
extends  along  the  time  base  from 
t = 0 to  t = 1/60  sec.  Divide  this 
, time  of  one  complete  cycle  into 
twelve  equal  intervals  (1/720  sec), 
measure  the  instantaneous  values 
of  the  wave  at  these  times,  and  tab- 
ulate as  follows  (in  this  case  the 
values  may  be  calculated  inasmuch 
as  the  wave  is  exactly  half  a sine 
I wave  whose  equation  is  known) 

Pome  Kt  r«  7t  r,  Pi  TrTa 

Vihus  CO  go.o  100  86.0  SO  0 

Substituting  these  values  into 
the.  twelve-point  formulas  of  Table 
l gives 

*.-(1/12)  (50  + 86.6+  100  + 

86.6  + 60)  — 31.1 
*i  - (V3/12)  (50  - 60)  + 

(1/12)  X (86.6  - 86.6)  - 0 


e,  -(1/12)  (50  + 50)  + 

(V3/12)X  (86.0  + 86.6)  + 

(1/6)  (100)  - 60.0 

ft  - (1/12)  (50  - 86.6  - 86.6  + 50)  + 
(1/6)  (-  100)  - - 22.8 
e,  — ( V3/12)  (80  + 86.6  — 

86.6  - 60)  - O 

ft  - (1/6)  (-  86.6  + 86.6)  - 0 
e.  - (1/6)  (60  - 100  + 50)  = 0 
ft  - (1/12)  (-  60  - 88.6  - 86.6  - 60)+ 
(1/6)  (100)  - - 6.09 
e,  =.  (V3/12)  (60  - 86.6  + 

86.6  - 50)  - 0 

ft  = (V3/12)  (-  60  + 60)  +(1/12)  X 

(86.6  - 86.6)  - 0 

* - (1/12)  (50  + 50)  + (V3/12)  X 
(-86.6  - 86.6)  + (1/6)  (100)  - 0 
ft  - (1/12)  (-60  + 86.6  - 100  + 

86.6  - 60)  - - 2.23 

As  in  the  previous  example,  these 
results  simplify  to 

Dhj  component  — ft  — 31.1  volte 
Fundamental  a-c  oomponent  — 60.0  volte 

^ Second  harmonic  oomponent  =*  22.8  volte 
Third  harmonic  oomponent  — 0 
Fourth  harmonic  oomponent  a 6.1  volte 
Kfth  harmonic  oomponent  — 0 
Sixth  harmonic  oomponent  — 2.23  volte 

The  Fourier  analysis  for  this 
same  wave  shows  the  respective 
values  of  the  components  to  be  81.8, 
60.0,  21.2,  4.24  and  1.82  volts.  A 
comparison  with  the  values  ob- 
tained with  the  graphical  method 
above  shows  good  correlation.  It 
should  be  noted  here  that  the  Four- 
ier analysis  can  only  be  applied 
when  the  equation  of  the  wave  is 
known  or  can  be  pieced  together, 
while  the  graphical  method  may  be 
applied  in  all  cases. 

The  following  rules  and  sugges- 
tions will  prove  of  value  in  apply- 
ing the  graphical  analysis. 

1.  Be  certain  to  take  a full  cycle 
of  the  complex  wave  to  apply  the 
analysis.  The  choice  of  the  starting 
and  end  points  is  not  important  so 
long  as  they  cover  the  interval  of 
an  entire  cycle. 


2.  All  values  of  a-c  components 
in  the  analysis  are  peak  values. 

3.  In  certain  cases,  where  a sort 
of  symmetry  exists  in  the  wave,  the 
d-c  and/or  certain  of  the  a-c  com- 
ponents may  be  zero. 

4.  Frequently,  we  are  not  inter- 
ested in  absolute  values  of  the  com- 
ponents, but  relative  ones  with  re- 
spect to  the  complex  wave.  In  these 
cases,  any  arbitrary  scale  of  values 
may  be  assigned  to  the  complex 
wave  and  the  values  of  the  compo- 
nents expressed  as  percentages. 

6.  The  values  of  the  components 
of  a given  wave  obtained  by  the  6, 
8 or  12-point  method  may  differ 
somewhat,  becoming  more  accurate 
as  a greater  number  of  points  are 
taken.  In  a sense,  we  may  look  on 
the  Fourier  analysis  as  one  taking 
an  infinite  number  of  points. 

6.  Should  the  phase  angle  of  any 
of  the  a-c  components  be  desired,  it 
will  be  given  as  arctan  e/E.  Fur- 
ther, it  should  be  noted  that  one 
cycle  of  the  complex  wave  repre- 
sents 360°  at  the  fundamental  fre- 
quency, 720°  at  the  second  har- 
monic, etc. 

7.  The  usual  care  in  the  observa- 
tion of  algebraic  signs  should  be 
taken  When  measuring  the  Y values 
and  substituting  them  into  the  for- 
mulas. 


Bibliography 

(1)  Hutcheson,  1.  A.,  GraphUml  Harmonic 
AnalVBifl  ELECTRONICS,  Jan.,  1930,  p.  10. 
Description  of  method  applicable  to  waves 
of  thePtype  where  there  are  sine 
of  odd  harmonics  and  cosine  components  of 
even  harmonics,  as  in  amplifiers  or  modu- 

‘*‘(2?  Denman,  R.  P.  G.,  88  and  72  Ordinate 

sasssssS' 

ot  complex  wares.  The  schedules, 

“loos  for  checking  results,  are  applicable  to 
use  with  odd  and  even  harmonics. 


wmm 

nSH Hi 

Ml 

if 

m 

WM 

kW 

■ 

MH 

■ 

| 

. 

w 

m 

M 

■ 

l! 

■ 

■ 

1 

■ 

■S 

■ 

■ 

n 

IS 

« 

B 

SB 

■ | 

mi 

■SI 

m 

v 

if 

m 

■I 

mm 

i 

fM 

■ ■ 

MBS 

■MS 

Ip 

— 

11  I1I1  HHMffl 

710.  S— Complex  warn  analyzed  In  Exampla  1 by  moans  of 
the  sfaepolnt  schedule  in  Table  1 


1 electronics — October  194s 


Digitized  by 


Google 


145 


Reactor  Measurements 


Current  feedback  creates  high-impedance  source  from  which  resonant  circuit  containing  > 
saturable  core  inductor  can  be  fed  both  a-c  and  d-c  for  measurement  of  inductor’s  elec- 
trical parameters.  Circuit  provides  coupling  for  test  oscillator  and  vacuum-tube  voltmeter  L 


An  inductance  used  in  a 
vacuum-tube  circuit  is  often 
required  to  carry  a direct  current. 
If  the  magnetic  circuit  includes 
iron,  permalloy,  or  any  of  the  other 
saturable  core  materials,  the  pres- 
ence of  the  direct  current  may  pro- 
foundly modify  the  L and  Q of  the 
coil  to  the  superimposed  a-c  signal. 
These  properties  are  also  functions 
of  signal  level  and  frequency,  and 
are  adequately  described  only  when 
their  dependence  on  all  three  of 
these  variables  has  been  investi- 
gated. 

Feasible  Mmanwri  Methods 

Measurement  of  the  properties 
of  the  inductance  under  such  con- 
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ditions  can  sometimes  be  made  by 
paralleling  the  coil  with  a capacitor, 
feeding  the  direct  current  and  the 
a-c  signal  to  the  parallel  circuit 
through  a series  resistor,  and  in- 
vestigating the  shape  of  the  parallel 
impedance  curve  as  a function  of 
either  frequency  or  parallel  capaci- 
tance. However,  if  the  shape  of 
the  curve  is  not  to  be  seriously 
affected  by  the  driving  circuit,  the 
resistance  must  be  large  compared 
to  the  parallel  circuit  impedance  at 
resonance;  and  if  the  L and  Q of 
the  coil  are  even  moderately  high 
by  present  standards,  the  voltage 
and  power  consumed  by  the  series 
resistor  may  be  prohibitive. 

A method  applicable  in  some 


cases  is  to  supply  the  signal  and  ., 
saturating  current  through  the 
plate  of  a pentode,  but  even  the  - 
relatively  high  pentode  plate  im- 
pedance  is  often  inadequate  for  the  . 
purpose.  A simple  triode  may  be 
given  a high  apparent  output  im-  , 
pedance  by  inserting  an  unby- 
passed resistor  in  its  cathode  cir- 
cuit, but  the  usefulness  of  this 
method  is  similarly  limited. 

Feedback  ClrcaK 

A vacuum  tube  circuit  which  is 
well  suited  for  nearly  all  measure- 
ments of  this  type  in  the  frequency  | 
range  20 — 100,000  cps  is  shown  in 
Fig.  1.  This  circuit  provides  a 
direct  coil  current  which  is  contin- 
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FIG.  1— Circuit  for  supplying  a-c  and  d-c  to  reactor*  for  measurement  of  their  characteristic! 
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Teat  mi  for  reactor  measurement!  consists 
ol  an  oscillator  Injector,  a high-impedance 
output  stage,  and  a stem  buffer 
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uously  adjustable  from  0.8  ma  to 
50  ma,  with  an  a-c  output  im- 
pedance between  2.5  megohms  and 
90  megohms,  depending  on  the 
selected  current  range.  High  a-c 
output  impedance  is  achieved  by 
application  of  a large  amount  of 
current  feedback,  with  dissipation 
of  only  a small  fraction  of  the 
power  and  voltage  that  would  be 
required  to  obtain  similar  results 
by  any  of  the  means  mentioned 
above. 

The  output  stage  V„  through 
which  both  saturating  current  and 
test  signal  are  applied  to  the  in- 
ductance, is  a triode-connected 
6V6-GT.  The  direct  current  is  con- 
trolled by  a range  selector  switch, 
which  inserts  various  fixed  resistors 
in  series  with  the  cathode,  and  a 
potentiometer,  which  permits  the 
d-c  voltage  between  the  grid  and 
B-  to  be  varied  continuously  from 
0 to  150  volts.  A milliammeter  is 
provided  in  the  cathode  circuit  of 
V,  to  indicate  the  direct  current. 

If  a signal  were  applied  directly 
to  the  grid  of  the  output  stage,  the 
apparent  output  impedance  R. 
would  be  the  sum  of  plate  resist- 
ance r,  and  the  a-c  cathode  circuit 
resistance  ft.,  plus  a current  feed- 
back component  equal  to  /ift„  the 
latter  being  by  far  the  largest  part 
of  the  total.  In  this  circuit,  how- 
ever, and  signal  developed  across 
K,  is  amplified  by  the  gain  N of 
V,  and  applied  in  opposite  phase 
to  the  grid  of  the  output  tube.  This 
effectively  increases  the  current 
feedback  component  of  the  output 
impedance  by  a factor  (A!  — i) . 
Thus  the  output  impedance  R.  = 
r<  + R.  + - l)R.  = mNR. 

approximately. 


lajectloa  aid  heifer  Stages 

The  test  signal  is  injected  into 
Bie  circuit  through  the  cathode  of 
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V„  which  is  coupled  directly  to,  and 
driven  by,  the  cathode  of  V,.  This 
system  reduces  the  gain  of  V,  by 
a factor  of  two,  but  is  superior  to 
other  possible  methods  from  the 
standpoints  of  simplicity  and  sta- 
bility. To  the  extent  that  the  gain 
between  the  grid  of  V,  and  the 
cathode  of  V,  is  large,  the  voltage 
across  R.  is  constrained  to  follow 
the  oscillator  voltage,  and  V,  acts 
as  a constant-current  source,  giv- 
ing a signal  current  i.  = ®oee  /R. 
approximately. 

The  effect  of  the  impedance  of 
the  parallel  circuit  under  test  is  to 
diminish  this  gain,  and  hence  to 
reduce  i.;  which  is  simply  another 
way  of  stating  that  the  output  of 
V,  may  be  taken  as  a constant  cur- 
rent source  only  when  R.  is  large 
compared  to  the  impedance  of  the 
circuit  under  test.  In  any  case,  the 
equivalent  circuit  of  Fig.  2(A)  ap- 
plies. The  above  expression  for  *. 
is  not  entirely  accurate,  since  e... 
suffers  a slight  loss  between  the 
grid  of  V,  and  the  cathode  of  Vs. 
Values  of  i.  which  take  this  loss 
into  account  are  listed  in  Table  I. 
They  were  checked  experimentally 


no.  2 — (A)  Equivalent  circuit  of  driver 
and  Wit  circuit,  and  (B)  thi  significant 
Jh^slana  of  the  rosonanco  euros 
bom  which  Inductance,  resistance  and 
quality  of  the  Inductor  ean  bo  computed 


and  found  to  be  within  five  percent 
of  the  measured  values.  They  are 
of  occasional  use  for  direct  calcu- 
lation of  resonant  circuit  im- 
pedances. 

It  may  be  pointed  out  that  a 
double  triode  might  be  substituted 
for  V,  and  V,  with  appropriate  cir- 
cuit redesign  but  only  at  a sacrifice 
in  output  impedance  or  high-fre- 
quency response,  or  both. 

The  buffer  stage  is  simply  a cath- 
ode follower  which  prevents  the  in- 
put impedance  of  the  external  vac- 
uum-tube voltmeter  or  oscilloscope 
used  in  tracing  the  parallel-circuit 
impedance  curve  from  loading  the 
parallel  circuit,  and  hence  affect- 
ing the  results  of  the  measurement. 
The  total  stray  capacitance  from 
the  plate  of  V,  to  ground  is  limited 
to  about  16  wit  by  this  means,  and 
the  added  shunt  resistance  is  about 
500  megohms. 

The  grounding  of  B+  rather 
than  B—  provides  some  protection 
against  shock  while  manipulating 
the  coil  under  test.  As  an  addi- 
tional safeguard,  a switch  is  pro- 
vided which  breaks  B — , and  also 
operates  a pilot  light  to  indicate  its 
position  at  all  times.  Whenever  the 
d-c  coil  circuit  is  to  be  broken,  this 
switch  is  first  operated  to  protect 
the  operator  from  the  negative  sup- 
ply voltage. 

Method  of  Meoseremeet 

Characteristics  of  the  inductance 
are  most  conveniently  determined 
by  studying  the  impedance  curve 
of  the  inductance  under  test  in 
parallel  with  a known  capacitance, 
either  as  a function  of  variable 
frequency  or  of  variable  capaci- 
tance as  indicated  in  Fig.  2(B). 
Inductance  is  readily  calculated 
from  L = 1/(2* frYC,. 

The  value  of  Q may  be  evaluated 
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FIG.  3 — Variation  of  inductor  paramo- 
ton  with  d-c  magnetisation  can  bo 
readily  measured 


from  the  width  of  the  im- 
pedance curve  between  the  points 
of  70.7  percent  of  the  peak  im- 
pedance. For  frequency  detuning, 
Q4,  = /,/A/;  for  capacitance  de- 
tuning, Qa.  = 2C,/AC. 

The  resonant  impedance  r of  the 
parallel  circuit  can  be  calculated  di- 
rectly from  e./i.  evaluated  at  reso- 
nance, where  e.  is  measured  by  the 
external  vtvm,  and  t.  is  found  from 
e„„  and  the  value  of  i./e„„  given  in 
Table  I. 

The  error  which  can  result  from 
the  shunting  effect  of  R.  on  the 
parallel  circuit  is  readily  evaluated 
as  follows.  The  value  of  Q for  the 
parallel  circuit  is  defined  as  Q,  — 
r/X  where  X = 2 s/,L  = l/(2is/,)C. 
The  value  actually  measured  by 
either  of  the  above  procedures  is 
Q = [rfl./(r  + R.)  ]/X.  Combining 
these  two  equations  gives  Q,  = 
Q/(l  — QX/R,).  Normally,  this 
circuit  provides  a value  of  R. 
sufficiently  high  as  compared  with 
the  parallel  circuit  resonant  im- 
pedance QX  to  make  the  correction 
negligible. 

The  above  discussion  assumes 
that  the  losses  in  the  capacitor  are 
small  compared  to  those  in  the  coil, 
and  care  must  be  taken  to  insure 
that  this  is  the  case;  that  is,  the 
capacitance  power  factor  must  be 
small  as  compared  to  1 /Q. 

I.  diet  or  MtaurtaHh 

Examples  of  data  obtainable 
from  the  circuit  and  calculations 
outlined  above  are  presented 
graphically  in  Fig.  3,  4,  and  5.  The 
independent  variables  for  these 
curves  are  respectively  the  direct 
coil  current  the  resonance  fre- 
quency /,  of  the  parallel  circuit, 


FIG.  4 — Iron-cored  inductor  characteris- 
tics rary  greatly  with  frequency  the 
Q haring  a maximum 


and  the  rms  signal  voltage  e.  de- 
veloped across  the  coil.  The  test 
specimen  for  these  curves  was  an 
audio-frequency  choke  having  a 
core  of  closely  interleaved  lamina- 
tions of  a high-permeability  nickel- 
iron  alloy. 

The  saturating  effect  of  a direct 
coil  current  is  shown  by  Fig.  3 to  be 
roughly  equivalent  to  the  introduc- 
tion of  an  air-gap  in  the  magnetic 
circuit.  As  the  direct  current  in- 
creases, the  value  of  the  inductance 
decreases.  Increasing  saturation 
also  reduces  the  core  losses,  in  this 
case  at  such  a rate  relative  to  the 
drop  in  inductance  that  the  value  of 
Q has  a peak  in  the  region  of  = 
3 ma.  The  resonant  circuit  imped- 
ance also  has  a peak  value,  but  at 
a lower  value  of  direct  current. 

The  curves  representing  Q in 
Fig.  3 are  derived  from  the  rela- 
tions Q,  = r/2ttf,L,  and  Q&,  = 
/,/A/.  That  slight  discrepancies 
exist  between  corresponding  points 
on  the  two  curves  is  not  surprising 
because  the  equivalent  circuit  of 
Fig.  2(A)  is  only  a simplifying  ap- 
proximation, even  though  it  yields 
results  which  are  sufficiently  ac- 
curate for  most  purposes.  More- 
over, both  r and  L are  variable  with 
changes  in  frequency  and  in  signal 


TABLE  1 — 

Ralativa  valuas  of 

f„  taking  1 

into  account  tast  circuit  lossas  j 

D-C  rang* 

ft.  In 

in  ma 

megohms 

‘n  ma/v 

1 

90 

0.010 

2 

50 

0.017 

5 

23 

0.038 

10 

12 

0.075 

20 

6 

0.14 

50 

2.5 

0.35 

reactor  parameter. 


level;  and  the  frequency-increment  | 
measurement  of  Q,  which  involves 
changes  of  both  kinds,  cannot  be 
expected  to  agree  exactly  with  the 
definitive  relation  Q = r/2*/4#. 
Sharpness  of  the  resonance  curve 
with  respect  to  frequency  is  usually 
of  primary  interest,  however,  and 
the  results  of  the  frequency-incre- 
ment determination  therefore  pro- 
vide the  best  description  of  per- 
formance. 

The  value  of  Q also  has  a maxi- 
mum with  respect  to  frequency,  as 
shown  in  Fig.  4.  At  low  frequen- 
cies, losses  are  relatively  large  be- 
cause of  the  flow  of  a , heavy  mag- 
netizing current  through  the  coil 
resistance;  at  high  frequencies,  the 
losses  again  become  large  because 
of  the  rapid  increase  of  core  losses. 
The  gradual  reduction  in  l 
throughout  the  represented  range 
of  frequencies  is  attributable  to  an 
effective  reduction  in  the  cross-sec- 
tional area  of  the  core  by  the  eddy 
currents.  The  resonance  impedance 
r rises  throughout  this  frequency 
range,  but  might  be  expected  to 
drop  at  frequencies  for  which  the 
charging  currents  required  by  the 
distributed  coil  capacitance  again 
causes  the  copper  loss  to  predom- 
inate. 

The  increase  in  inductance  with 
signal  level  shown  in  Fig.  5,  which 
is  typical  of  ferromagnetic  core 
materials,  results  from  the  initial 
upward  curvature  of  the  B-H  char- 
acteristic. The  application  of  » 
sufficiently  high  signal  voltage  to 
work  the  core  above  the  saturation 
knee  of  the  magnetization  curve 
will,  of  course,  reverse  this  trend 
and  cause  the  inductance  to  drop 
sharply. 
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Transmission  Lines  as  - 

ii 


TUNING  ELEMENTS 


Graph  for  designing  tuning  element  consisting  of  a section  of  transmission  line  shunted  j 
by  a capacitor.  Values  of  one  or  two  unknown  circuit  parameters  may  be  found  when  p 

values  of  two  or  three  others  are  known  i 


Segments  of  transmission  lines 
used  as  circuit  elements  in 
present  day  high  frequency  work 
have  made  desirable  a simple,  rapid 
method  for  solving  the  equation 
1/«C  - Z,  tan  2kI/\,  1 3 X /4  (1) 

The  equation  gives  the  wave  length 
X of  the  resonant  frequency  n>/2*  of 
a parallel  combination  of  a capaci- 
tance C and  a short  circuited  length 
l of  transmission  line  of  character- 
istic impedance  Z.,  shown  in  Fig.  1. 

The  graph  on  the  next  page  shows 
two  sets  of  contours,  the  plots  of 
which  are  superimposed  upon  each 
other  in  such  a manner  as  to  afford 
a convenient  means  for  solving  Eq. 
1 graphically.  The  discussion  be- 
low contains  a brief  outline  of  the 
construction  of  the  graph,  followed 
by  its  application  to  the  solution 
of  two  typical  problems. 


Contraction  of  tk«  Graph 

Rewrite  Eq.  1,  by  using  the  rela- 
tions u>  = 2* / and  X = vjf,  where 
f is  frequency  in  cycles  per  second, 
and  v„  = 3 x 10*  meters  per  second, 
the  propagation  constant. 

1/ZoC  = 2 rf  tan  (2r/i/»o)  (2) 

Equation  2 may  be  applied  to  the 
circuit  of  Fig.  1 by  expressing  Z,  in 
ohms,  C in  farads,  / in  cycles  per 
second,  and  l in  meters. 

But  if  Za  is  in  ohms,  C in  jyif,  / 
in  me,  and  l in  cm,  Eq.  2 becomes 


• 2rl0*/  tan 


™'(m) 


Z.X  10-“C  3 X 10* 


ZoC, 


10*  *“  3 X 10* 


(3) 
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FIG.  1 — Short-circuited  transmission  line 
of  length  1.  and  characteristic  impe- 
dance Z,  tuned  by  shunt  capacitance 


FIG.  2 — Graphical  solution  lor  Eq.  1. 
where  two  quantities  are  unknown 

or 

f,  (z.,  o - y,  (f,/) 

where 

F,  (i,/)  = (2x//10*)  tan  (2x/l/3  X 10*) 
and 

Ft  (Z.,  O = 10*/Z,  C 
On  logarithmic  graph  paper,  plot 
F,  (1,  /)  against  l for  the  various 
values  of  /.  Upon  these  contours 


superimpose  those  of  F,  (ZK  C) 
plotted  versus  C with  Z,  as  a para- 
meter, so  that  the  F,  and  F,  scales 
coincide.  The  C and  I scales  coin-  I 

cide  as  do  the  F,  and  F«  scales.  This,  I 

however,  is  not  necessary,  and  in 
this  case  is  due  merely  to  the  choice  i 
of  range  for  the  values  of  C.  It  is 
essential  that  the  F , and  F , scales 
be  identical. 

Us#  of  «M  Chart 

The  construction  of  the  chart 
makes  evident  the  general  princi- 
ples involved  in  its  use.  A solution 
is  obtained  for  Eq.  3,  by  making 
F,  (l,  f)  = F,  (Z„  C).  Suppose  that 
a 10  cm  line  of  50  ohms  characteris- 
tic impedance  is  to  be  tuned  to 
resonance  at  400  me  by  shunting  a 
lumped  capacitance  C across  the  in- 
put and  short  circuiting  the  other 
end. 

To  find  C,  the  solution  is  as  fol- 
lows : from  the  10  cm  point  on  the 
l scale  of  the  graph  move  vertically 
to  the  F,(l,  /)  contour  marked  400 
me.  Then  move  horizontally  to  the 
F,(Z„,C ) contour  labelled  50  ohms. 
From  this  point  move  vertically 
again  to  the  C scale  and  read  off 
the  capacitance,  7.3  fi/xf. 

If  any  three  of  the  quantities  U 
Z„  C,  fin  Eq.  3 be  given,  the  fourth 
is  obtanied  by  a procedure  similar 
to  that  used  above.  If  two  of  quan- 
tities be  given,  the  remaining  two 
can  assume  infinitely  many  pairs  of 
values  satisfying  Eq.  8. 

Consider  now  the  problem  of  » 
shorted  open  wire  line  to  be  used  as 
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a circuit  element  in  a high  fre-  other  of  solutions  of  Eq.  4b,  alone.  Iem,  the  contours  of  the  graph  may 

quency  amplifier.  A variable  ca-  l Z,  Z,  be  used  over  the  entire  ranges  of  f 

pacitance,  ranging  from  5 p/if  to  in  cm  in  ohms  in  ohms  and  Z.  for  the  solution  of  Eq.  8,  but 
10  p-iii,  is  shunted  across  the  open  from  Eq.  4a  from  Eq.  4b  the  application  of  such  solutions  to 

end  of  the  line  and  used  for  tuning.  10  326  360  actual  physical  circuits  is  of  doubt- 

If  the  frequency  range  to  be  tuned  16  207  220  ful  validity  in  the  upper  ranges  of 

is  from  160  me  to  200  me,  what  20  147  143  frequency  and  impedance.  At  high 

should  the  physical  length  and  char-  26  108  94  frequencies  a shorting  bar  on  a 

acteristic  impedance  of  the  line  be?  Draw  the  curves  corresponding  very  high  impedance  line  of  less 
Mathematically  this  problem  is  to  both  tables  on  the  same  graph,  than  a quarter  wave  length  must 
that  of  solving  simultaneously  two  using  identical  scales  for  both  as  in  itself  form  a considerable  part  of 
equations  in  two  unknowns  Fig.  2.  The  intersection  of  the  two  the  line.  Moreover,  the  assumption 

Fi  ft  iso  me)  - F,  (Z,.  io  ii/J.)  (4a)  curves  gives  the  solution ; in  the  that  the  total  capacitance  involved 

Ft  ft  200  me)  ~ Ft  (Z«,  6 md.)  (4b)  present  case:  Z,  = 164  ohms,  l = can  be  lumped  into  a single  element 

Using  the  graph,  make  a table  of  18.4  cm.  is  undoubtedly  invalid  under  these 

solutions  of  Eq.  4a,  alone,  and  an-  As  a purely  mathematical  prob-  conditions. 
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C.T.C.  /tet-Set  TERMINAL  BOARDS 

No  more  time-wasting  board  cutting,  drilling  and  lug 
mounting  when  you  have  C.T.C.  All-Set  Terminal  Boards 
on  hand.  They’re  furnished  completely  assembled  with 
any  size  C.T.C.  Turret  Terminal  Lug  in  four  widths, 
y2";  2"  ( lug  row  spacing  !«">;  2^"  (*«  rmv  sPacinS 
2");  5"  ( lug  row  spacing  2lA")  to  fit  all  standard  resistors 
and  condensers.  Select  proper  width  board  and  go  to 

work.  ci" 

C T.C.  All-Set  Terminal  Boards  are  made  of  3/32  , 

1/8"  and  3/16"  linen  bakelite  only  and  come  in  five- 
section  boards  which  can  be  broken  into  fifths  by  bend- 
ing on  a scribed  line.  They  may  be  ordered  in  sets  of  the 
four  widths,  or  in  lots  of  six  or  multiples  of  six  in  any 
single  width.  Extra  lugs  and  stand-offs  are  supplie  . 

For  complete  information  on  these  new,  money-saving  All- 
Set  Terminal  Boards,  write  for  C.T.C.  Catalog  Number  100. 

CAMBRIDGE  THERMIONIC  CORP®R^'®“ 

439  CONCORD  AVENUE  • CAMBRIDGE  38,  MASSACHUSETTS 
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Radar  Navigator  for  Commercial  Shipping 


First  reported  sale  of  radar  equip- 
ment for  peacetime  industry  has 
been  made  by  General  Electric  Com- 
pany who  will  supply  five  radar 
units  ordered  by  the  U.  S.  Maritime 
Commission  for  installation  in  mer- 
chants ships  now  being  built.  For 
navigation  through  fog  and  dark- 
ness, it  enables  the  navigator  to 


respect  to  the  course  and  position 
of  the  ship. 

A control  console  in  the  wheel- 
house  contains  a cathode-ray  tube 
indicator  of  the  PPI  type.  Con- 
centric rings  indicate  the  range 
with  the  ship’s  position  being  in 
the  center  of  the  scope.  A range 
switch  permits  changing  the  scale 


In  th«  whMlhouM  oi  tho  American  Mariner,  Captain  loeeph  Masse  studios  the  screen 
oi  the  cathode-ray  tube  in  the  General  Electric  radar  navigator  ior  commercial 
shipping.  On  the  Great  Lakes  alone,  more  than  4,000.000  gross  tons  oi  cargo  space 
were  lost  In  1943  because  oi  the  hasards  oi  navigation  through  log 


locate  shore  lines,  land  masses, 
other  ships,  buoys  and  other  ob- 
stacles from  200  yards  away  up  to 
30  miles  distant. 

One  installation  of  the  electronic 
navigator  has  been  operating  on  the 
U.  S.  Maritime  Service  training 
ship  American  Mariner  and  used 
in  navigating  the  waters  of  Long 
Island  Sound.  A few  minutes  of  in- 
struction have  been  found  sufficient 
for  beginners  to  grasp  the  funda- 
mentals of  operation  and  with  a few 
hours  of  practice  they  learn  safe 
recognition  of  various  types  of  ob- 
jects as  well  as  their  bearing  with 


View  of  the  radar  screen,  showing 
other  ships,  islands,  and  other  ob- 
stacles to  navigation 


of  the  field  to  cover  a 2,6,  or  30- 
mile  radius.  This  permits  the  navi- 
gator to  use  the  30-mile  range  until 
the  ship  approaches  to  within  six 
miles  of  the  obstacle,  then  switch- 
ing to  the  chart  whose  radius  is  six  | 
miles.  Further  localizing  can  be 
made  with  the  2-mile  range  and  ob- 
jects can  be  observed  down  to  about 
200  yards  on  this  scale.  High  shore 
lines  are  discernible  at  30  miles  dis- 
tance, low  shore  lines  at  10  to  15 
miles,  ships  at  3 to  8 miles,  and 
buoys  at  1 to  3 miles. 

A parabolic  antenna  is  located  on 
the  top  deck  of  the  ship  to  transmit 
and  receive  the  radar  pulses.  This 
rotates  at  a speed  of  110  rpm  and 
weighs  260  pounds.  As  in  military 
radar,  reflected  waves  from  ob- 
stacles in  the  surrounding  waters 
return  to  the  rotating  antenna  dur- 
ing the  time  intervals  between  the 
outgoing  pulses. 

Balancing  Operation 
Speeded  by  Motor  Control 

Reduction  of  time  in  balancing 
submarine  electric  motor  arma- 
tures from  twenty  man-hours  to 
five  man-hours  is  accomplished  by 
use  of  General  Electric  Thy-mo-trol 
in  controlling  the  speed  of  a bal- 
ancing machine  at  Mare  Island, 
Cal. 

The  illustration  on  the  next  page 
shows  the  control  cabinet  which 
contains  two  electronic  rectifiers 
that  supply  voltage  to  the  field  and 
armature  of  the  balancing  machine 
drive  motor.  The  control  tubes  in 
the  cabinet  regulate  the  output  of 
thyratrons  and  permit  throttling 
down  to  almost  zero  speed  or  snu^th 
adjustment  up  to  maximum  speed. 

Preselection  of  speeds  is  made  by 
means  of  a potentiometer  which  is 
manually  set  Through  electronic 
circuits,  it  causes  the  thyratron 
tubes  to  increase  or  decrease  their 
voltage  output  to  the  drive  motor 
armature  or  field. 

The  cycle  time  is  that  elapsed 
from  the  time  the  stop  button  is 
pushed,  weights  adjusted,  and  the 
motor  started  again  to  the  poui 
where  critical  speed  is  attaint. 
The  Thy-mo-trol  cycle  is  only  thirty- 
seven  seconds,  compared  to  the  two 
to  four  minutes  required  for  a free- 
wheeling stop. 

Such  electronic  control  equip- 
ment is  today  practically  a package 
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With  a war  record  of  more  than  one  hundred  and  fifty 
million  successful  "missions”  to  their  credit,  IRC’s 

BTS  INSULATED  METALLIZED  RESISTORS 

have  given  unquestioned  evidence  of  their  complete 
dependability. 

The  exact  counterparts  of  these  efficient  and  precision- 
engineered  "veterans"  are  now  available  in  quantities 
for  your  own  essential  requirements. 

Their  construction  features,  resistance-temperature 
characteristics  and  specifications  are  described  fully 
and  charted  graphically  in  Bulletin  #3  which  will  be 
sent  to  you  upon  request  directed  to  Dept.  1 -J . 


EDM  Cg] 
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1 0(r**,*tooce  units,  in  more  s^apn,  for  more  applications  than  any  other  manufacturer  in  tl 
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while  a lower  tone  is  produced  by 
an  undersize  part  Either  of  these 
tones  causes  the  operator  to  reject 
the  unit. 

Oscillator  Circuit 

The  three  audio  frequencies  are 
produced  by  the  circuit  shown  in 
Fig.  1.  This  electronic  oscillator 
is  controlled  by  relays  connected 


CompUte  setup  of  equipment  for  balancing  submarine  electric  motor  armatures.  Free 
to  revolve  in  the  frame,  the  armature  is  rotated  by  the  drive  motor  on  the  floor. 
Controlled  acceleration  and  deceleration  is  accomplished  by  a General  Electric 
Thy-mo-trol  unit  in  the  cabinet  at  the  right 

unit.  It  includes  the  d-c  motor,  the  other  machinery  applications  such 
control  panel,  control  station  and  as,  lathes,  drill  presses,  millers,  and 
the  transformer.  It  is  easy  to  in-  similar  equipment,  and  in  the  op- 
stall  and  has  been  applied  to  many  eration  of  many  testing  machines. 


Precision  Gaging 

Thousands  of  blind  persons  who 
seek  jobs  in  industry  were  given 
new  hope  by  a recent  demonstra- 
tion of  a precision  production  gage 
in  the  Canton  factory  of  Timken 
Boiler  Bearing  Company.  A blind 
operator  using  the  instrument 
checked  the  outer  races  of  bear- 
ings in  an  outside  diameter  gage 
at  a rate  that  compares  favorably 
with  that  of  an  operator  having 
normal  sight.  Indication  of  over- 
size, undersize,  and  normal  read- 
ings are  provided  by  an  a-f  oscil- 
lator that  produces  three  different 
tones  from  a loudspeaker  mounted 
on  the  back  of  the  workman’s  chair. 

The  diameters  of  the  compo- 
nents of  Timken  bearings  are 
ground  within  very  close  limits  of 
their  specified  sizes  and  checked 
on  precision  gages  with  electrical 
or  mechanical  dial-type  indicators. 
These  show  amplified  readings  of 
variations  in  the  diameter  of  the 
work  piece  under  test. 

For  blind  operators,  the  a-f  oscil- 
- lator  provides  audible  signals.  An 
article  that  is  within  the  size  limit 
produces  a tone  of  one  frequency 
and  the  article  is  passed  as  meeting 


by  Blind  Workers 

the  standard.  If  the  speaker  pro- 
duces a tone  of  a higher  frequency, 
the  article  under  test  is  oversize, 


%,  Oscillator  Electronic 

' gage  7 


Fig.  1 — Circuit  of  the  audio  oscillator 
used  by  Timken  to  provide  audible 
gage  indication*  to  blind  worker! 

to  the  three  indicator  lights  of  an 
electronic  gaging  system.  The  red, 
green  and  orange  panel  lamps  cor- 
respond  to  the  three  frequencies 
of  the  oscillator.  The  red  lamp 


The  outside  diameter  of  roller  bearing  cups  are  gaged  by  Sylvester  Pfendler,  blp1^ 
Timken  employee.  Audible  Indication  of  over,  under,  and  normal  sixe  l*  provided 
by  an  a-f  oscillator  that  feeds  the  loudspeaker.  Manufacturing  details  of  the  de 
will  be  released  without  charge  to  any  interested  manufacturer 
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& 3 CORES  OF  FLUX  provide  just  the  correct  propor- 
tion of  flux  to  solder.  NO  extra  flux  is  required.  The 
flux  does  not  tend  to  run  out  of  the  cores : so  there  is 
always  a supply  available  for  the  next  joint.  The  utmost 
economy  of  flux  and  solder  is  achieved. 


Five  standard  antimony  free  alloys  are  available. 
Ersin  Multicore  Solder  Is  suppled  In  bulk  quantities 
In  any  other  tin* lead  alloy  to  special  order. 
Recently  45  tin  and  55  lead  alloy  has  been  in 
most  demand  for  electronic  equipment.  Colour 
coding  of  reels  and  packages  makes  different 
alloys  instantly  recognisable. 


ALLOYS — Table  of  Melting  Points. 


Multicorc 
Colojr  C.,di 

Red 

Crimson  Buff 
Green 
White 
Purple 


183  C I 276  C 


10  SWG  22  SWG 

Double  Actual  Size. 


GAUGES 

Ersin  Multicore  Solder  is  made  in  a wide  range  of  gauges.  Standard 
gauges  supplied  are  from  10  S.W.G.  - 22  S.W.G.  (.128*  - .028') 
(3.251  - .7l09m/ms).  13  S.W.G.  (.092',  2.336m/ms)  and  16  S.W.G.  (.064', 
l.625m/ms)  are  the  most  widely  used  sizes  for  the  production  of 
electronic  equipment. 


ERSIN— THE  ACTIVE  NON-CORROSIVE  FLUX. 

Ersin  which  is  contained  in  the  3 cores  of  Multicore  Solder  is  a pure  high 
grade  rosin  which  has  been  subjected  to  a complex  chemical  process  to 
Increase  its  fluxing  action  to  the  highest  possible  degree  without  impairing 
In  any  way  the  well-known  non-corrosive  and  protective  properties  of  the 
original  rosin.  In  effect,  rosin  as  a flux  suffices  only  as  an  agent  to  avoid 
oxidation  during  soldering,  whereas  Ersin  will  not  only  remove  surface 
oxides,  but  also  prevent  their  formation  during  the  soldering  operation. 


ER 


ERSIN 

ACTIVE 

NON-CORROSIVE 

FLUX 
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SOLDER  WIRE  CONTAINING 
5] OF  NON-CORROSIVE  ERSIN  FLUX 


MULTICORE  SOLDERS  LTD. 

SUITE  5,  COMMONWEALTH  HOUSE,  NEW  OXFORD  STREET,  LONDON,  W.C.I,  ENGLAND 

Telephone:  CHANCERY  S 171/2.  Cables:  DUSTICKON,  WESTCENT.  LONDON. 


GAGING  BY  BLIND 


(continued) 


Water  Proof,  Moisture  Proof 
and  Steam  Proof  METERS 


VOLTMETERS . . . AMMETERS . . . MILLIAMMETERS . . . 
MICROAMMETERS... WATTMETERS... BOTH  AC  AND  DC 


Now,  you  can  get  H1CKOK  precision  and  dependability 
in  a new  line  of  hermetically  sealed  meters.  Available 
in  2^2%  334'  end  4)4"  round  styles.  Dimensions  of 
American  War  Standards  Assn.  Drawings  C39.2-1  and 
Uy.W.  The  434  size  is  built  especially  for  use  in  radio 
service  equipment  where  several  scale  arcs  are  required. 

All  instruments  are  hermetically  sealed  and  both 
vacuum  and  pressure  tested  under  water.  Case  fabri- 
cated of  pressed  steel  and  made  corrosion  resistant  to 
meet  specifications.  Terminals  are  a special  glass 
soldered-in  type. 

All  meters  are  fully  shielded,  permitting  use  on 
either  magnetic  or  non-magnetic  panels.  Operation 
is  accurate  and  dependable  even  up  to  85°  centigrade. 
Internal  pivot  construction  in  D.C.  types  assures 
longer  life  and  greater  resistance  to  shock  and  vibra- 
tion. Write  for  further  information  today. 


THE  HICKOK  ELECTRICAL  INSTRUMENT  CO. 

10527  DUPONT  AVENUE  . CLEVELAND  8,  OHIO 


PRECISION  CALIBRATED 


. LASTING  ACCURACY 


indicates  high,  the  green  low, 
the  orange  middle. 

The  lamps  give  the  setup  tech- 
nician a quick  visual  check  on  the 
efficiency  of  the  gage.  When 
originally  set,  the  gage  is  adjusted 
to  a master  gage  and  gives  both 
a visual  and  audible  indication  as 
close  as  0.0000002  inch  over  or 
under  a specified  diameter  toler- 
ance. 

In  developing  the  present  model, 
almost  two  years  of  experimental 
work  with  various  gages  was  spent 
before  Timken  engineers  were 
satisfied.  They  first  developed  a 
Braille  gage  in  which  the  article 
to  be  gaged  was  pushed  between  j 
two  points  (representing  the  I 
proper  diameter)  in  a horiiontal 
plane  electrically  connected  to  a 


MICROSWITCH 


WORK  PIECE  IN 
GAGING  POSITION 


GAGING  HEAD 


Fig.  2— Mechanical  diagram  oi  lh« 
work  table  and  gage  head  on  wMd 
bearing  races  and  other  parte  are 
gaged  by  blind  worker* 


Radio  Range  Signale 


able, 


and 


finger  block.  The  contact  of  the 
article  raised  the  first,  second,  or 
third  of  three  points  on  a vertical 
plane.  This  was  considered  too 
cumbersome  for  wide  application. 


An  electronic  gage  was  sug- 
gested by  a Timken  official  whose 
flying  experience  had  made  him 
familiar  with  the  A and  N on- 
course  signals.  An  earphone  re- 
produced the  letter  A if  the  artic  e 
was  too  small  and  if  too  large,  t e 
letter  N.  If  the  article  was  accept- 
the  signals  joined  to  produce 
continuous  tone.  Minute  h'? 
low  spots  in  the  surface  of  the 
article  interfered  with  the  tran®- 
mission  of  the  signals  and  this 
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Vortex  Varnished  Cloth  and  Tapes 
— Varslot  Combination  Slot  Insu- 
lation—Varnished  Silk  and  Paper 
— Fiberglas  Electrical  Insulation — 
Manning  Insulating  Papers  and 
Press  Boards — Dow  Corning  Sill- 
cones — Pedigree  Varnishes  — 
Dieflex  Varnished  Tubings  and 
Saturated  Sleevings  of  Cotton  and 
Fiberglas— National  Hard  Fibre 
and  Fishpaper  — Phenolite  Bake- 
lite  — Adhesive  Tapes  — Asbestos 
Woven  Tapes  and  Sleevings — Cot- 
ton Tapes,  Webbings,  and  Sleev- 
ings, and  other  insulating  materials. 


mm 


FLEXIBLE  VARNISHED  TUBING 
PRODUCTS  INCLUDING  FIBERGLAS 


Ease  of  handling  in  the  shop  and  permanence  in  the  finished  assembly 
are  features  of  Dieflex  varnished  tubings  and  sleevings  which  designers 
and  production  men  appreciate. 

Dieflex  Products  are  a decided  aid  in  manufacturing -the  smooth  in- 
side  treated  bore  is  easy  to  thread-prevents  snagging— facilitates  telescop- 
ing. The  roundness  and  non-flattening  qualities -extreme  flexibility  and 
non-fraying  qualities,  give  maximum  workability  and  protection.  The 
Fiberglas  grades  give  permanence.  Its  complete  varnish  impregnation  gives 
excellent  protection  against  moisture,  oils,  and  chemicals  and  provides 
maximum  electrical  insulating  qualities. 

Obtain  the  finest  varnished  tubing  products  by  specifying  Dieflex. 
They  meet  or  surpass  V.  T.  A.  and  A.  S.T.  M.  standards. 


WHEN  IN  NEED  CALL  FOR  THE  IMC  ENGINEER 


insulation  manufacturers  corporation  I 


^ CHICAGO  6 • 565  West  Washington  BWd. 
^CLEVELAND  14*  1005  Leader  Building 


( MILWAUKEE  i 312  lost  Wisconsin  Avonoo 
) DETROIT « 11341  Woodward  Avonoo 
Roprosoofatfvos  h < MINNEAPOLIS:  316  Fourth  Avo„  South 
f PEORIA:  101  Holn*  Court 
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Tift/s  flfeiv  Bulletin 
tells  you  what  you 
want  to  know  about 

ACCURATE  FIXED 
WIRE  WOUND 
RESISTORS 


WRITE  FOR  YOUR 
COPY  TODAY! 


Akra-Ohm 

Resistors 


Accurate  Fixed 
Wire  Wound 
Types 


DIMENSIONAL  SPECIFICATIONS  • MOUNT- 
ING AND  TERMINAL  DESIGNS  • POWER 
DISSIPATION  • TEMPERATURE  COEFFI- 
CIENT OF  RESISTANCE  • MAXIMUM 
RESISTANCE  CHARTS  • RESISTANCE 
ALLOYS  • MOISTURE  AND  FUNGUS 
PROOFING  • HERMETIC  SEALING 

Shallcross  Types  Designed  to 
Meet  JAN-R  93  Specifications 
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indicating  gage  was  »Hfr 

Another  electronic  raitwr; 
that  produced  a high,  kn,  i 
normal  audio  tone  intheearjiu 
To  overcome  fatigue  doe  tin 
constant  sound,  a photic 
unit  was  installed.  Thisir 
beam  of  light  across  the  gagehu 
so  that  when  no  work  wash: 
gage  the  sound  ceased.  Tar. 
discarded  after  the  go 
objected  because  the  eaiptei 
prived  him  of  any  outside  ■ 
making  him  feel  closed-in  ilk 
less. 

This  led  to  the  use  o(  ib 
speaker  Hied  on  the  hack  di 
operator’s  chair.  Then  it 
man,  who  sets  up  the  gage  c 
master  and  checks  it  to  a® 
objected  to  the  new  model  hes 
it  required  two  masters  to  ** 
and  check,  one  for  the** 

and  one  for  the  low  W 


Simplify  <& 

A visual  gage  was  then*; 

the  sound  one,  elimiuWt 
for  two  masters.  Since 

was  becoming  comply 

phototube  was  , 

jng  a switch  to 

the  gage  to  shut  off  tie  t® 

This  final  model^fcir 
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THE  know-how  gained  in  engineering  transformers  to  war’s  exacting 
specifications  is  now  available  to  solve  your  peacetime  transformer 
needs.  Stancor  engineers  are  ready  to  study  and  master  the  toughest  prob- 
lems you  can  set  them.  Production  men  trained  to  exacting  standards, 
with  modern  equipment  and  precision  winding  machinery,  assure  that 
highest  specifications  will  be  met  in  the  finished  product. 


When  you  have  a transformer  problem,  think  first  of  Stancor.  Competent  sales 
engineers  are  ready  to  satisfy  your  most  exacting  transformer  requirements. 


HEAT  MEASUREMENT 


(continu'd) 


mounted  in  a block  of  graphite  at 
the  end  of  a 12-foot  insulated  pipe. 

As  shown  in  the  drawing,  the  im- 
mersion head  is  manipulated 
through  the  furnace  door  and 
dipped  into  the  steel  bath.  The  ex- 
posed tip  of  the  silica  tube,  contain- 
ing platinum  thermocouple  wires,  is 
immersed  in  the  steel  itself.  A 


Arrangement  of  thermocouple  OT<1 
Brown  electronic  recorder  for  measuring 
temperature  of  steel  in  furnace 


graphite  block  protects  the  sensi- 
tive silica  tube  against  deteriora- 
tion by  slag  or  mechanical  shock. 

Temperature  is  recorded  auto- 
matically on  a Brown  ElectroniK 
recorder  designed  expressly  for  this 
application.  The  chart  rotates  at 
the  rate  of  one  revolution  in  four 
minutes  and  only  during  reading. 

Patent  rights  to  the  platinum 
thermocouple  have  been  acquired 
by  Brown  Instrument  Company 
from  Rustless  Iron  and  Steel  Cor- 
poration, whose  engineers  devel- 
oped the  unit. 


A Phototube  Amplifier 

By  Lt.  John  F.  Scuu-y 

Point  Lookout,  Uno  York 

An  amplifier  is  often  de811^ 
which,  when  used  with  a phototube, 
can  be  used  as  a switch  to  control » 
variety  of  industrial  equipment 
number  of  such  devices  have  been 
described  in  the  literature,  some  o 
them  more  complex  than  might 
desirable. 

The  amplifier  to  be  described  con- 
tains no  coupling  capacitors 
tween  stages  and  therefore  on'^! 
inertia  of  the  relay  limits  the  speeu 
of  operation.  In  addition,  it  is  P08* 
tive  in  its  action,  being  unaffec 
by  normal  power  supply  changes 
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TYPICAL !—These  three  units 

comprising  mixer  and  master  In  addition  to  its  complete,  well-known 
output  switching  assemblies  lines  of  Air  Inductor  Coils  and  Heavy 

typical""'^*  WPfac?lit?es  for  Du*J'  Y ariable  Condensers,  B & W offers 

handling  custom-built  engi-  a wealth  of  specialized  facilities  for  the 
neering  and  production.™-  engineering,  design  and  production  of 
signments.  custom-built  electronic  equipment. 

Among  units  recently  produced  are  spe- 
cial transmitters,  test  equipment,  tuning 
units,  high — and  ultra-high  frequency  as- 
semblies, high-voltage  equipment  and 
many  more.  What  do  you  need —designed 
and  constructed  throughout  to  match 
your  application  exactly? 


BARKER  & WILLIAMSON 


AIR  INDUCTORS  . VARIABLE  CONDENSERS  . ELECTRONIC  EQUIPMENT  ASSEMBLIES 


Export:  LINDETEVES,  INC.,  10  Rockefeller  Plaza,  New  York,  N.  Y.,  U.  S.  A. 
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PHOTOTUBE  AMPLIFIER 

and  parameter  changes  over  a wide 
range.  The  circuit,  shown  in  the 
diagram,  contains  a 927  phototube 
for  the  input  excitation,  a 6SN7  as 
a cathode  follower  working  into  a f 
control  amplifier,  and  a 6V6  power  ' 
amplifier  feeding  the  relay.  •;> 

Circuit  Operation 

The  unit  operates  as  follows: 
First,  assume  the'  phototube  to  be  ,, 
removed  from  the  circuit.  Under 
this  condition,  the  grid  of  the  first  ■■ 
6SN7  section  (the  cathode  fol-  S 
lower)  is  at  ground  potential.  Plate  , 
current  of  both  sections  of  the 
6SN7  flows  through  the  2200-ohm 
cathode  resistor,  so  that  the  cathode 
follower  is  biased  almost  to  cutoff.  < 

The  second  section  (control  am-  • 


Circuit  oi  noral  phototube  ampllilai 
which  .liminatM  th.  ttano  mutant  ol 
coupling  capacitor*  by  driving  th* 
screen  rather  than  the  control  grid  » 
the  output  tub* 

plifier)  of  the  6SN7  has  a positive 
9 volts  on  the  control  grid,  so  that 
it  conducts  sufficiently  for  the  piste 
voltage  to  drop  to  about  50  volts. 
The  combined  plate  currents  fur- 
nish a positive  voltage  of  about 
volts  on  the  two  cathodes.  The  pis  ® 
of  the  control  amplifier  is  connecte 
to  the  power-amplifier  screen  whic 
then  has  a potential  of  50  volts.  T e 
grid  of  the  6V6  is  grounded,  and 
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and  parameter  change  Wlt 
range.  The  circuit,  ski  j; 
diagram,  contains  a 927  pfeg 
for  the  input  excitation,  a E 
a cathode  follower  worbiga 
control  amplifier,  and  a (tip 
amplifier  feeding  the  rdag. 


Circuit  Opcrtlin 


The  unit  operata  as  1 
First,  assume  the  phototnhei) 
removed  from  the  circuit  i 
this  condition,  the  grid  of  fie 
6SN7  section  (the  oik! 
lower)  is  at  ground  potatatli 
current  of  both  sections  S! 
6SN7  flows  through  the 
cathode  resistor,  so  thatthea 
follower  is  biased  almost  ti 
The  second  section  («®a* 


Now  There  Are  Six  . . . 


The  SICKLES’  Air  Dielectric  ^ 
Trimmer  Condenser  Family 


From  one  Condenser,  The  Sickles’  Air  Dielectric 
Trimmer  Condenser  Family  has  grown  until  today 
there  are  six.  All  of  them  have  the  Sickles  Family 
Characteristics  of  quality  production  backed  by  top 
engineering  skill. 

— aVA*"1'”  First  on  the  list  of  the  Trimmer  Condenser  Family 

is  Type  ARL  which,  equipped  with  a slightly  larger 
plate  than  the  others  and  with  a close  spacing,  has  a 
wide  effective  capacity  range.  This  Condenser  has 
no  fixed  capacity  plates. 

Type  ATF  is  particularly  suited  for  I.F.  Trans- 


former Tuning.  Fixed  plates  in  parall 
produce  a high  minimum,  low  range,  st 
It  is  available,  also,  without  fixed  se 
standard  version  smaller  than  the  . 
known  as  Type  ATR. 

Type  ATM  is  the  baby  of  the  fami 
smallest  condensers  made,  it  has  a 
applications;  as,  for  instance,  in  ; 
transformer  with  a 1 Y%  square  shield. 

The  complete  story  on  any  of  these 
products  is  available  on  request. 


THE  F.  W.  SICKLES  COMPANY,  CHICOPEE,  MASSACHUSETTS 


SICKLES 

#<u&,  w tew  tyec&U&ei  7 

Google 
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(continued] 


OF  VARIABLE  RESISTORS 
AND  BAND  SWITCHES 


TYPE  WT 


SPEED— SECURITY— SAVINGS! 

Type  WT  PALNUTS  greatly  simplify 
and  speed  up  the  mounting  of  variable 
resistors  and  band  switches  to  the 
chassis.  These  one-piece,  self-locking 
nuts  replace  a regular  nut  and  lock- 
washer.  Assembly  is  much  faster  be- 
cause one  part  is  handled  instead  of 
two  and  assembly  can  be  made  with 
power  tools. 

Type  WT  PALNUTS  are  single  thread 
nuts  made  of  resilient,  tempered  spring 
steel,  accurately  formed  to  fit  32- 


PALNUTS 

thread  bushings.  They  run  onto  work 
easily,  without  damage  to  parts. 
Smooth,  flat  base  fits  snugly  against 
chassis.  Double  locking  spring  action 
holds  tight  under  vibration.  Costs  less 
than  regular  nut  and  lockwasher — re- 
quires no  more  space. 


TO  MANUFACTURERS  OF  VARIARLE 
RESISTORS  AND  RAND  SWITCHES 

Type  WT  Palnuts  are  ideal  for  replace- 
ment part.  Include  them  in  shipments  to 
service  trade. 


WRITE  on  business  stationery  for 
samples  of  Type  WT  PALNUTS  and 
engineering  data. 

The  Palnut  Company 

77  Cordlcr  St.  Irvligton  11,  N.  J. 


. Self-Locking  PALNUTS 
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bias  for  the  stage  is  furnished  by 
the  voltage  divider  consisting  of  ft 
and  fl»,  plus  whatever  voltage  is 
developed  across  i2„  by  plate  cur- 
rent. With  60  volts  on  the  screen 
grid,  250  on  the  plate,  and  about  10 
volts  on  the  cathode,  the  tube  is 
very  nearly  cut  off,  and  the  relay  in 
the  plate  circuit  remains  unener- 
gized. 

Conditions  With  Phototube 

When  the  phototube  is  inserted 
in  the  circuit  and  illuminated  by  an 
outside  source,  current  through  the 
phototube  makes  the  grid  of  the 
cathode  follower  more  positive.  The 
increase  of  cathode-follower  cur- 
rent results  in  a higher  cathode 
voltage  of  22  volts  for  the  stage. 
This  rise  also  is  applied  to  the  cath- 
ode of  the  control  amplifier.  Since 
the  grid  voltage  of  the  control  am- 
plifier is  held  constant  by  divider 
R.  and  R,  at  9 volts,  the  result  is 
that  close  to  cutoff  bias  is  applied  to 
this  section.  Actually,  the  tube 
would  be  cut  off  with  the  exact  val- 
ues given.  However,  the  meter  used 
in  making  the  measurements  was 
not  sensitive,  hence  the  voltages 
given  are  not  exactly  those  which 
would  be  read  with  a vacuum-tube 
voltmeter. 


Screen  Control 

The  result  of  the  drop  in  plate 
current  is  to  raise  the  plate  voltage, 
and  hence  the  screen  voltage  of  the 
power  amplifier,  to  170  volts.  This 
increased  screen  voltage  permits 
the  6V6  to  conduct  heavily  enough 
to  close  the  relay  in  the  plate  cir- 
cuit. This  relay  then  serves  to  con- 
trol whatever  device  may  be  used 
with  the  amplifier. 

The  actual  voltages  for  the  non- 
operative condition  are  between 
those  given  in  the  two  cases  above, 
since  under  normal  conditions  the 
phototube  conducts  to  some  extent, 
although  not  enough  to  operate  the 
relay.  , 

If  desired,  the  device  can  be  kept 
normally  energized  by  a lte 
source  on  the  phototube,  in  whi 
case  any  interruption  of  the  beam 
would  deenergize  the  relay  and  op- 
erate the  controlled  device. 

Resistors  R,  and  R,  are  the  coarse 
and  fine  sensitivity  controls,  re- 
spectively. One  control  may 
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Invisible  to  the  Naked  f ye - 

bet  yoe’ll  want  these*  in  your  Plastit  Parts 


Whethbr  you’re  interested  in  food 
fflachine  housings  or  any  other  larger 
parts,  the  same  thing  applies — these 
hidden  qualities  add  value  to  your 
I product; 


• T 

•I 


II  Minimized  internal  stress 

2.  Uniform  density 

3.  Most  thorough  cure  possible 

4.  Better  finish 

5.  No  "weld”  lines 
fi>  Generally  improved 
properties 

7,  Lest  or  no  washing  of 
inserts  (fewer  rejects) 
fhese  ate  seven  of  the  by-products  of 
incorporating  Heatronics  (radio  fre- 


quency pre-heating)  into  standard 
molding  techniques.  And  they’re 
qualities  you’ll  probably  want  in  your 
next  molding  job. 

We’ve  been  developing  Heatronic 
molding  standards  since  one  of  the 
first  units  in  the  industry  was  de- 
livered to  our  plant — today  we  can 
show  you  a large  and  still-growing 
Heatronic  installation,  as  well  as 
many  outstanding  molding  jobs  ac- 
complished through  its  use.  We  do 
the  whole  job,  of  course— designing, 
mold-making,  molding  and  finishing 
— and  we  can  talk  business. 


If  you’re  interested  in  these  plus- 
values  in  plastics,  ask  for  a Kune 
Kasch  engineer. 

“A  Businessman’s  Guide 
to  the  Molding  of  Plastics’* 

Send  for  your  free 
copy  of  this  illus- 
trated  brochure. 

Just  write  to  Dept. 

7 on  your  letter- 
head  and  we'll 
send  it  with  our 
compliments. 

THf  wait  BONDS  YOU  Kite 
AM  TNI  BONDS  THAT  COUNT 


Kurz-Kasch 


„ F or  over  28  years  Planners  and  Molders  in  Piastres 

| „ .......  ^ « Ohio.  Branch  Solas  OMIcosi  New 

f Kvro-KaM 
Mtanapi 
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tor  over  do  years  r tanner*  «»•*  . 

Kwa-Kasdi,  Inc.  1425  Sooth  Broadway,  Dayton  OMIcos.  •»  hood  Straw,  Now  York  City 

Indianapolis  • Loo  Angolas  o Dallas  o St.  Uule  • Toronto.  Canaoa.  « 
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NOTE:  Amalgamated 
Engineer*  will  gladly  con- 
sult with  you  on  the  de- 
sign and  development  0/ 

Plugs  and  Jacks  for  spe- 
cial applications— present 

or  postwar. 


PLUG.  STYLE  "A" 

SrtrtrwrC'K 

MUfl  I"  ■Aigirf  cord*. 


PLUG.  STYLE  ”D" 

Two-Conductor.  mc\U  WM 
■lua  for  um  with 
!r  Bun*  S oioldod  cordi. 
Soino  ipoclflootlono  M PL-M. 


PLUG  PL-204 

hlLT.tT.2.U!SF.!l 

PL- 55  sod  PL-M. 


PLUG  PL-54.  PL-540. 
PL-354. 

H.A.P.  21 5285-2 

as  ;lrr-.otwi0w?m"ir 

lame  sp*elfloatUi»«  at 
PL-55. 
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GURKHAS  HANDIE-TALKIE 


Maintain  moderate  tension  on  the 
relay  spring,  with  as  small  a travel 
distance  as  necessary  to  prevent 
sparking  being  maintained  when 
the  contacts  are  opened.  A suppres- 
sor capacitor  should  be  used  across 
the  relay  contacts.  Adjust  R,  to 
the  maximum  sensitivity  position  J 
(all  6,000  ohms  in  the  circuit).  Ad- 
just R,  to  the  maximum  sensitivity 
position.  If  the  relay  is  properly 
adjusted,  it  will  now  operate  re- 
gardless of  the  light  on  the  photo- 
tube. If  it  does  not,  change  the 
spring  adjustment  or  the  contact 
gap. 

With  the  phototube  under  ex- 
citation from  the  light  source  with 
which  it  will  be  used,  back  off  ft 
until  the  relay  is  deenergized.  Ro- 
tate  R,  about  one-eighth  of  a turn 
in  the  reverse  direction.  The  relay 
will  again  be  energized.  Rotate  ft 
until  the  relay  is  deenergized,  and 
reverse  the  adjustment  just  past  the 
point  at  which  the  relay  energizes 
again.  This  last  step  completes  the 
adjustment.  Cutting  off  the  light 


PLUGS  - JACKS 


for  every  I* n turn  application  ! 


Built  in  accordance  with  latest  Signal  Corps  and  Navy  speci- 
fications, Amalgamated  Plugs  and  Jacks  are  tropicalized  to 
make  them  fungus  resistant,  waterproof  and  moistureproof 
when  called  for.  Insulators  of  these  components  are  designed 
to  withstand  extremes  of  temperatures  for  — 67°F  to  + 167°F, 
at  humidities  up  to  100°'o.  We  also  specialize  in  producing 
Plugs  which  will  bear  up  under  the  high  heat  met  in  rubber 
molding  cord  sets. 


AMALGAMATED  RADIO  TELEVISION  CORP. 


476  BROADWAY  • NEW  YORK  13.  N.  Y. 
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used,  but  if  both  are  used  adjust- 
ment of  the  amplifier  is  simplified. 
If  the  plate  of  the  phototube  is  con- 
nected to  the  arm  of  R,  and  R,  » 
not  used,  R,  should  be  replaced  by  i 
750,000-ohm  resistor. 


Adjustments 


Gurkhas  of  an  Indian  division  in  R 7 
used  British  radio  equipment.  Abor_ 
Havildar  Birbahadur  Limbu.  G««n» 
wireless  operator  on  patrol  **  cla 
white  to  blend  with  the  snow.  GaxM® 
were  members  of  an  Indian  dw 
that  held  a section  of  the  Italian 
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used,  but  if  both 
ment  of  the  amplifier  is  a> 
If  the  plate  of  the  photihiesi 
nected  to  the  amofkal 
not  used,  ft  should  betqhat 
750,000-ohm  resistor, 

AijutMUi 

Maintain  moderate taa:i 
relay  spring,  with  assnaii] 
distance  as  necessary  up 
sparking  being  maiiahdi 
the  contacts  are  opened  1b 
sor  capacitor  should  bene 
the  relay  contacts.  Adj«. 
the  maximum  sensitiritj* 
(all  5,000  ohms  in  the  dra 
just  ft  to  the  maxima* 
position.  If  the  relay  is  w 
adjusted,  it  will  now  «*' 


gardless  of  the  light  «*< 
tube.  If  it  does  not, 
spring  adjustment  or  tie « 
gap. 

With  the  phototube  *\ 

citation  from  the  light*; 

which  it  will  be  used.  I*1 
until  the  relay  is  deeneig®; 

tate  ft  about  one-eighth  o(> 
in  the  reverse  direction. » 
will  again  be  eneflW 
until  the  relay  is  d«»“^ 
reverse  the  adjustment!*^ 
point  at  which  the  i*  , 
again. 

adjustment  fttW 


Th*  55-passenger  Lockheed  Constellal 
trans-continental  record  o(  6 hours,  58  i 
powered  by  four  Breeze-Shielded  Wright 


Four  Breezo-Shioided  Wright  Cyclone  18's  rated  at 
2200  HP  power  the  Boeing  B-29  Superfortress  in  its 
smashing  attacks  against  the  Japanese  homeland. 


GURKHA 


eiEcmoNic  APPitci 


■SSreette  ^Ptrtinrii  • SHIELDING  FOR  AIRCRAFT 
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source  will  deenergize  the  relay, 
applying  it  will  give  positive  clos- 
ing of  the  relay. 

Precaution! 

It  is  recommended  that  the  leads 
to  the  phototube  be  shielded,  as  the 
cathode  follower  acts  as  a rectifier 
in  the  presence  of  60-cycle  pickup, 
changing  the  voltage  levels  in  the 
amplifier.  With  proper  placement 
of  the  leads,  however,  this  causes  no 
trouble  even  without  the  shielding. 

No  bypass  capacitor  can  be  used 
at  the  input  grid  because  the  10- 
megohm  resistor  in  conjunction 
with  a sufficiently  large  capacitor 
to  bypass  60  cycles  would  cause  in- 
tolerable delay  in  circuit  reaction 
time. 

. . ..  H* 


•id 

>'aa 


This  is  the  Waugh  Metal  Analyzer  (above 
and  below).  It  gives  an  instantaneous  in- 
dication of  the  hardness,  grain  structure 
and  other  properties  of  ferrous  materials 
on  which  it  is  used  It  performs  this 
scientific  feat  by  means  of  magnetic 
analysis  and  employs1  many  precise  elec- 
tric circuits  in  its  hook-up.  These  cir- 
cuits are  connected  and  test  units  are 
plugged  in  through  various  Cannon 
Connectors— indicated  in  the  rear  view 
of  the  open  cabinet.  Both  plug  and  re- 
ceptacle types  are  shown. 

Wherever  you  need  a quick,  positive 
and  secure  connection  in  the  electric 


circuits  of  the  instruments  you  use  or 
the  products  you  manufacture,  use  Can- 
non Connectors.  There  are  thousands 
of  stock  styles  and  sizes  to  choose  from 
and  a staff  of  experienced  engineers  to 
develop  special  Cannon  Connectors  for 
your  use  if  need  be. 

fA  Type  "K”  Cannon  Con- 
nector with  integral  clamp 
is  pictured  at  left.  Write  for 
a Type  rrK”  Cannon  Catalog 
to  get  a general  introduction 
to  this  Cannon  line.  Address 
Department  A-12O,  Cannon 
Electric  Development  Co., 
3209  Humboldt  St.,  Los  Angeles  3 1,  Calif. 


Timing  Action  of  the 
Blocking  Oscillator 

By  Emanuel  Last 

Development  Engineer  ^ 

Mansion  Mfg.  and  Service  Co.  ,T 

Timing  and  teigob  circuits  are  be-  j;J 
coming  increasingly  important  with  5 
each  new  application  of  electronic  a 
circuits  in  industry,  television,  and 
allied  radio  fields.  All  types  of  mul- 
tivibrators, start-stop  circuits,  and 
relaxation  oscillators  have  made 
their  appearance  as  timing  devices.  : i 
One  of  the  lesser  known  but  very  h 
useful  timing  methods  is  the  block-  1 
ing  oscillator. 


Operation  of  Circuit 

A typical  blocking  oscillator  cir- 
cuit is  shown  in  Fig.  1.  The  trans- 
former shown  has  a one-to-one 
turns  ratio.  Since  there  is  no  ex- 
ternal or  fixed  biasing  arrangement 
in  this  circuit,  the  tube  will  conduct 


CANNON  ELECTRIC 


Canaan  Electric  Development  Ce.,  Los  Aegetes  31,  Calif. 


Canadian  Factory  and  Engineering  Office; 
Cannon  Electric  Company,  Limited,  Toronto 


FIG.  1— Circuit  of  typical  blocking  os- 
cillator and  polarities  established  when 
switch  is  first  dosed 
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"HEATRONIC  MOLDING 


THESE  HEAVY-DUTY  electrical  connect- 
ing plugs,  molded  from  Bakelite 
plastics,  are  used  on  every  type  of  U.  S. 
combat  vessel.  They  are  unusual  be- 
cause of  their  exceptional  wall  thick- 
nesses and  density-conclusive 
evidence  that  pre-war  limitations  on 
the  size,  shape,  and  design  of  Bakelite 
plastic  insulating  parts  no  longer 
exist.  They  were  produced  by  Heatron- 
ic  molding  — announced  by  Bakelite 
Corporation  in  1943— which  has  vastly 
increased  the  moldability  of  all  types 
of  phenolic  molding  plastic,  including 
those  with  a high  bulk  factor. 

In  Heatronic  molding,  the  heat  is 
uniformly  generated  within  the  mold- 
ing material  charge  by  high-frequency 
current.  By  the  addition  of  high-fre- 
quency preheating  units  to  standard 
compression-  and  transfer-molding 
equipment,  parts  are  now  readily 
molded  that  formerly  involved  long  and 
expensive  molding  cycles.  Heatronic 
molding  shortens  curing  time  by  one- 
tenth  to  one-half,  often  reduces  mold- 
ing pressures  by  30  to  40  per  cent,  and 
permits  larger  moldings  on  present 
presses.  It  also  causes  less  wear  on 
molds,  minimizes  shearing  and  dis- 
placement of  inserts,  and  permits 
greater  production  per  mold  cavity. 

The  extremely  valuable  Heatronic 
molding  experience  gained  during  the 
s'ar  is  now  available  to  engineers  and 
^signers  through  the  facilities  of  the 
Bakelite  Engineering  Staff.  Write  De- 
partment 67  for  detailed  information 
about  the  advantages  of  this  outstand- 
ing development.  Also,  write  for 
Booklet  G-8,  “A  Simplified  Guide  to 
Bakelite  and  Vinylite  Plastics.” 

/B\ 

TRADE  MARK 

bakelite  corporation 

. . Unit  of 

num  Carbide  and  Carbon  Corporation 

i0  East  42nd  St.,  New  York  17,  N.Y. 


MADE  THIS  JOB 


PRACTICAL 


BAKELITE 


MOLDING 

PLASTICS 
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Draw  a picture  here. ..rough  or  detailed. ..of 
the  type  of  rectifier  you  have  in  mind...* 


* We’ll  build  it . . . Rectifier  engineering 
is  our  business 

® 

W.  GREEN  ELECTRIC  COMPANY,  INC. 

HERN  EXCHANCE  BUILDING  . 130  CEDAR  ST.,  NEW  YORK  6.  N.  T, 
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•LOCKING  OSCILLATOt 


with  the  dosing  of  fe  K i 
When  the  tube  current  hpl 
build  up  through  tht  plata®  I 
the  transformer,  there  ilhl 
back  emf  across  thecoihofpdcf 
as  shown  iuFig.l.ihiirstd 
a dropping  of  plate  voltaga  | 
The  changing  primary  r.-c| 


will  induce  a voltage  into  the-l 
ondary  or  grid  coil  of  ire  :-J 
larity  to  the  voltage  inthejiai  -J 
This  induced  voltage  will  os  J 
electron  flow  in  the  pd  df 
producing  a voltage  amaiwl 
R of  such  polarity  as  to  adarl 
grid  positive  with  respect  are 
cathode.  At  the  same  lire -■! 
grid  current  will  be  chargingsa-l 
itor  C through  resistor  He: 
grid  goes  positive,  when  the  2:- 


THE  NEW  ROLLER-SMI 

PORTABLE  PYROME1 


For  Use  In  Tool  Rooms,  Foundries,  I 
Working  Plants,  Chemical  Plants,  Me 
Futtoaces,  Heat  Treating  Furnaces,  Bn 
Furnaces,  Annealing  Furnaces,  Salt  B 
Process  Cookers.  Pouring  Ladles 


ing  current  will  flow  mainly  is 

the  tube  from  cathode  to  pit  - 

charging  path  being  fa# 
cathode-to-grid  resistance,  whs 


s than  J 


• Where  you  have  the  problem  of  measuring  elevated 
peratures,  the  new  Roller-Smith  Portable  Pyrometer  pro 
a convenient  economical  answer.  Originally  designs 
Navy  use  on  aircraft  carriers,  it  combines  ruggedness 
portability  and  accuracy. 

The  portable  pyrometer  can  be  used  where  perman 
installed  temperature  measuring  equipment  is  not  jus 
It  can  be  used  to  advantage  on  jobs  where  temperate 
estimated  or  guessed  in  heat  treatment  or  metal-wo 
processes. 

Temperature  ranges  of  the  Portable  Pyrometer  can  be  desi 
to  suit  the  application.  For  help  in  measuring  tempera 
write  us  the  details.  Address  Department  E. 


Kitchener,  Ontario 

I AFT  INSTRUHtMTS  * 5"'1 

RELAYS  • P»ICSIOH  •< 
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A complete, 
24  page 
Illustrated 
Manual 


This  unusual  Arnold  manual  on  permanent  magnets  is  the  product  of 
many  months  of  careful  research  and  planning. 

It  is  devoted  entirely  to  the  consideration  of  the  factors  affecting 
the  design,  fabrication  and  application  of  Alnico  permanent  magnets. 
Written  entirely  by  Arnold  engineers,  its  purpose  is  to  help  engineers 
in  industry  to  better  utilize  the  magnetic  and  physical  characteristics 
of  the  Alnico  alloys  in  arriving  at  efficient  design. 

Write  today,  on  your  letterhead,  for  your  free  copy. 


WRITE  TODAY, 

on  your  letterhead, 
for  your  free  copy. 
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HOCKING  OSCIlUTOt 


duced  voltage  doe  to  tie  ^ 
rate  of  increase  of  pta® 
will  result  in  the  voltipia 
capacitor  being  slightlybipj 
the  induced  voltage.  Tuts 
reversal  of  current  to  i*| 
circuit  gives  us  a digits? 
voltage  on  the  grid  (voitagta 
the  capacitor  less  the  itiai 
age  as  shown  in  Fig.  2A). 

Condition /«  Mil 


The  grid  voltage  goiig^ 
legative  would  tend  ti  s 
ube  draw  less  current  i® 
s a coil  in  the  plate  cirai;* 
vill  build  up  a counter  eel’* 
lose  this  change  in  ws 
rrid  coil  will  have  a volage* 
nto  it  180  degrees  raid) 
vith  the  plate-coil 
he  voltage  across  tie  r1 
he  induced  voltage  are^ 
ausing  a current  flow  tW 
jrge  voltage  across  resist 
’ig.  2B.)  This  voltage  s® 
-rid  negative  with  ; 
athode  by  a more  to  *» 
im0uiit  to  cut  off  the  tobi 
The  cutting  off »'  I"  _ 

vill  cause  the  piste  vdtT' 

0 B + and  then  n* 

•alue  due  to  the  bad 

,late  coil  resulting 


usia  • del 

jacedvoWJ*' 

iU  be  DegiiP* 


to 


eon  the  1^1 
, the  <0*. 


\TOW  ^ 

jd  voltage  con 


idTOIW 

jofthetuba* 

ts*e"*j 
*■£. 
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by  the  Leader  in  Insula l 


IRVINGTON  PRODUCTS  include: 

Cure  Plate,  Finishing  and  Sticking 
Vurnishe*  . Varnished  Canvas  and 
Duck  » Varnished  Nylon,  Rayon  and 
Silk  • Varnished  Papers  • Insulating 
Cachings  • Fibron  Plastic  Tapes 
• Cordolite  Compounds 


Motor  manufacturers  have  come  to  the  realization  that  t 
cation  "Completely  Insulated  by  Irvington"  means  Ion 
life  with  less  chances  of  electrical  failures.  Basic  to  this 
that  every  Irvington  insulation  has  been  formulated  t- 
definite  and  outstanding  characteristics  - resistances  to 
of  motor  destruction  - heat,  corrosive  fumes,  excessive 
etc.  Insulations  have  been  designed  for  regular  and  unu 
needs  — matched  to  work  with  each  other  for  blende 
acting  motor  performance  — to  produce  long-lasting  an 
able  motors.  From  this  one  source,  Irvington,  you  c 
insulations  not  only  for  motors  but  for  all  other  electri 
ment  as  well.  Each  and  every  product  is  kept  to  Irving 
standards  by  strict  laboratory  and  production  control, 
our  cooperation  and  invite  your  inquiries.  Write  Depa 


IRVINGT 

VARNISH  & INSULATOR  C( 
Irvington  11,  New  Jersey,  U.  S 
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OUR  23RD  YEAR  OF  DEEENDAILE  SERVICE  TO  AMERICAN  INDUSTRIES 


OUR  metallurgical  and  chemical  experts,  working  in 
close  collaboration  with  Electronic  Engineers,  have 
proven  an  important  factor  in  the  solution  of  many  difficult 
soldering  problems. 

The  achievements  of  the  Glaser  Staff  in  bringing  soldering 
. media  under  advanced  scientific  control  constitute  a noteworthy 
contribution  to  the  Electronic  Industry. 

Glaser  Solders  form  a permanent  bond  be- 
cause, first  and  foremost,  they  are  made  of 
Grade  A virgin  metals.  Perfect  performance 
is  further  assured  by  the  correct  proportion- 
ing of  the  flux  core  to  meet  specific  uses. 

Glaser  Plastic  Rosin  Core  Solders  are  widely 
used  in  the  manufacture  of  fine  electronic 
and  radio  equipment  for  the  Signal  Corps  and 
other  branches  of  the  military  service.  Glaser 
Plastic  Rosin  Flux  is  non-conducting,  non-cor- 
rosive and  non-hygroscopic. 

Glaser  Solders  are  your  guarantee  of  con- 
tinuous satisfactory  performance  under  the 
most  exacting  service  conditions.  And  re- 
member, Glaser  Solders  go  further,  enabling 
you  to  cut  soldering  costs.  Furnished  in  every 
gauge  and  alloy.  b resorfaciag  or 


OTHER 

GLASER 

PRODUCTS 

Silver  Srazfog 


Glow  2-l>-l  Hot 
Tinning  Compound. 


Glow  Cold 


damaged  galvanised 
_ _ serf  aces 

Glaser  Rosin  Coro  Solders 

•xcoed  govorameit  sped-  L*"1*  °* 

ficatioes  I.  parity,  and  .«nr  dosorlptl... 

are  guaranteed  to  meet  Load  Llolog  of 

A.S.T.M.  Class  A sped*-  ~'d  « 

cations  for  solder. 

Contult  our  Engineering  Department  on  your  soldering 
and  flax  problem*,  without  obligation. 

GLASER  LEAD  CO.,  INC. 

31  Wyckoff  A venae,  Rrooklyn  27,  N.  Y. 
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action 


charge  of  the  capacitor  in  the  grid 
circuit  from  its  charged  voltage  to 
the  cut-off  voltage.  This  time  will 
depend  on  three  items;  first,  the 
voltage  to  which  the  capacitor  is 
charged ; second,  the  cut-off  value 
of  the  tube;  and  third,  the  RC  of 
the  discharge  circuit.  The  first  two  1 
items  will  be  determined  by  the 
applied  voltage,  the  tube,  and  the 
transformer.  Once  these  factors 
have  been  determined,  the  RC  will 
be  the  main  frequency  controlling 
factor.  Thus  by  varying  the  resis- 
tor and  capacitor,  we  can  consider-  | 
ably  vary  the  frequency  of  the  out-  | 
put  pulses. 

Shape  of  Pulse 

In  addition  to  controlling  the 
frequency  of  the  output  voltage,  we 
may  also  be  interested  in  the  output 
waveshape.  The  output  waveshape 
can  be  considered  under  two  as- 
pects ; first,  the  sharpness  and  time 
duration  of  the  negative  pulses; 
and  second,  the  oscillation  foil"" 
ing  the  negative  pulse. 

The  sharpness  and  time  duration 
of  the  pulses  will  depend  largely  on 
the  transformer  used.  For  a sharp, 
short-duration  pulse,  we  must  ave 
a transformer  that  will  pass  1 
pulse.  This  involves  the  trans- 
former’s ability  to  pass  some  air 
high  frequencies  of  which  the  pu 
is  composed.  With  an  ’r<®"c!> 
transformer,  this  is  practically  im- 
possible due  to  eddy  curren 
hysteresis  losses  at  high  aW* 
cies.  However,  with  the  adven 
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There's  no  substitute  for 

ACCURACY 


B.R.C.  instruments  are  designed  and  manufac- 
tured to  give  accurate  and  precise  direct  read- 
ing measurements  with  simplicity  of  operation. 


Q meter 


TYPE  160- A 


A Standard  for  "Q”  Measurements  with  a repu- 
tation for  accurate  and  dependable  service.  Has  a 
Frequency  Range  of  50  kc  to  75  me  winch  may  be 
extended  with  external  oscillator  down  to  1 kc. 


F.M. 

SIGNAL 

GENERATOR 

TYPE  150  series 


Type  150  A — Frequency  41-50  inc.  and  1-10  me. 
Type  151  A — Frequency  30-40  me.  and  1-9  me. 
Type  152  A — Frequency  20-28  me.  and  0.05-5  me. 
Type  154  A— Frequency  27-39  me.  and  1-7  me. 
Developed  specifically  for  use  in  design  of  F.M. 
equipment.  Frequency  and  Amplitude  Modula- 
tion available  separately  or  simultaneously. 


BOONTOSTRADIO 

BOONTON,  H.  J.  V 


DC  SIGNERS  ANO  MANUFACTURERS  OF  THE  "O"  METER 
GENERATOR  • BEAT  FREQUENCY  GENERATOR 


OX-CHECKER  . . FREQUENCY  MODULATED  SIGNAL 
AND  OTHER  DIRECT  READING  TEST  INSTRUMENTS 
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EASTERN  AIR  DEVICES  INE 

proud  of  the  pari  their  products  have  played 
in  brinyiny  about  TOTAL  VICTORY 
pledye  themselves  to  continue 
the  same  kujk  decree  of 

ENGINEERING  & MANUFACTURING 
INTEGRITY 

in  products  for  PEACE 


Specialists  in  the  development  and  manufacture  of 
fractional  HP  I Tachometers, 


and  miniature  motors, 
generators 
and  blowers. 


Tachometers, 
solenoids, 
control  apparatus 
and  special  devices. 


QYe  sollcLi  emfLneerincj  and  production  problems 

★ 

EASTERN  AIR  DEVICES  INC- 

585  DEAN  ST.  • BROOKLYN  17,  N.Y. 
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Versatile  Plastic 


rProbably  no  otbtr  field  uses  more  plastics 
Uwn  electrical  manufacturing.  The  myriad 
fl  electrical  products  on  the  market  today 
M for  thousands  of  versatile-propertied  plas- 
‘ ports.  The  majority  of  these  parts  are 
tided  from  phenolic  compounds  because  the 
tolicsare  the  most  versatile  of  all  plastics. 

Since  its  inception  the  plastics  industry 
4pas  been  prone  to  stress  volume  when 
It  comes  to  molded  plastics  applica- 
tions. At  times,  applications  where 
plastics  fit  the  job  better  than  any 
fdier  material  have  been  passed  up 
jiecause  *^e  number  of  parts  required 
I Was  so  limited.  However,  there  are 
many  instances  where  the  inherent 
physical  properties  of  plastics  so  far 
outweigh  higher  costs  due  to  small 
volume  diat  the  end  result  warrants 
* use  these  materials.  Such  was 
f e “so  with  Budd  Induction  Heating, 
nc  ’ who  “e  the  heavy  molded  Durez 
^ts  illustrated  in  their  induction 
ating  machines,  and  who  found  that 
e molding  of  plastics  was  more  prac- 
nca  lm*  ec<>nomical  than  machining. 


Electrical  Resistance  Required 

Induction  heating  machines  employ 
high-power,  high-frequency  currents 
and  naturally  require  a plastic  material 
with  excellent  electrical  properties  for 
many  of  their  vital  parts.  In  addition, 
they  require  a material  of  high  impact 
strength.  In  short — and  like  so  many 
instances  in  electrical  manufacturing 
— they  require  a material  that  is  ver- 
satile. Therefore,  the  choice  of  a Durez 
phenolic  compound  for  this  purpose 
was  a most  logical  one. 

Molding  Inganwity 

As  molders  of  the  large,  heavy  plastic 
terminal  assembly  illustrated,  Michigan 
Molded  Plastics,  Inc.,  in  collaboration 
with  engineers  of  Budd  Induction  Heat- 
ing, Inc.,  accomplished  a feat  which 
typifies  the  ingenuity  of  America’s 
custom  molders.  They  took  a versatile, 
high-impact  Durez  phenolic  molding 
compound  with  unusually  excellent 
electrical  properties  and  molded  a 3- 
piece  terminal  assembly  for  an  induc- 


tion heating  machine  which  not  only 
replaced  an  original  assembly  consist- 
ing of  five  pieces  but  did  it  with  tre- 
mendous savings  in  time  and  costly 
machining. 

Vartatlla  Phenolic* 

Too  much  can’t  be  said  about  the 
versatility  of  phenolic  plastics.  Such 
properties  as  dielectric  strength,  di- 
versity of  finishes,  excellent  mold- 
ability,  impact  strength  and  highest 
dimensional  stability  at  temperature 
extremes,  as  well  as  resistance  to 
moisture,  heat,  mild  acids  and  alkalies, 
are  inherent  characteristics  in  all  of 
the  more  than  300  Durez  phenolic 
molding  compounds. 

Perhaps  you  are  looking  for  the  plastic 
that  fits  your  job.  If  so,  you  should 
make  Durez  your  starting  point.  The 
services  of  experienced  Durez  tech- 
nicians are  available  at  all  times  for 
your  benefit.  Durez  Plastics  & Chem- 
icals, Inc.,  3210  Walck  Road,  North 
Tonawanda,  New  York. 
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BLOCKING  OSCILLATOR  (cmtlniiid) 

is  acceptable  and  where  too  large  a 
voltage  is  not  required.  This  method 
is  to  insert  an  unbypassed  cathode 
resistor  and  take  the  output  across 
the  cathode  resistor.  Using  this 
method  we  obtain  positive  pulses 
which  have  no  oscillating  compo- 
nent. (See  Fig.  4C.)  A fourth  pos- 
sibility would  be  to  take  the  original 
output  and  feed  it  into  a limiter  cir- 
cuit that  would  respond  only  to  the 
negative  pulse. 

• a • 

Improved  Socket- 


Punch  Wrenches 

By  Ronald  L.  Ives 

Dugxoay  Proving  Ground 
Tooele,  Utah 

In  modifying  finished  chassis 
units  of  complicated  electronic 
equipment,  new  socket  holes  were 
required.  The  requirement  that  the 
instruments  be  out  of  service  for  a 
ipinimum  length  of  time  imposed  a 
nufliber  of  tooling  problems  that 
are  not  ordinarily  encountered. 

Greenlee  screw-type  socket  hole 
punches  were  chosen  for  the  job 
and  it  was  found  that  the  tradi- 


I 


tional  method  of  tightening  the 
pressure  screw  on  these  punches 
was  with  a pair  of  pliers.  This  led 


— « 

Or— rr 

< 

Fig.  I— Tool  A consists  ol  a T bandl* 
and  a socks!  sntsnsloo 
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DATA  FOLDER 

This  handy  folder  gives 
u seful  data  and  in  forma- 
tion on  EICOR  Dyna- 
motors,  D C.  Motors, 
and  other  Rotary  Elec- 
trical Equipment  Write 
for  it! 


'P'UHK  THE  SMALLEST  IN  Sli 
7*  THE  LARGEST  IN  OUTPUT 


Engineered  and  built  by  specialists,  EICOR 
DYNAMOTORS  have  earned  their  fine 
reputation  through  years  of  exacting  serv- 
ice. These  dependable  units  furnish  the 
necessary  high  voltage  power  for  commu- 
nications, direction  finding,  radio  compass 
and  other  controls. 

Our  complete  line  of  frame  sizes  makes 
possible  the  widest  available  range  of  dy- 
namotor  output  ratings  in  the  most  com- 
pact sizes  and  weights.  This  assures  the 
most  economical  size  and  weight  for  every 
need! 

The  experience  and  skill  of  Eicor  Engi- 
neers are  instantly  available  to  help  you 
on  any  problem  involving  Dynamotors, 
Motors,  or  Inverters. 


SCRIES  NO. 

MAX.  OUTPUT 
WATTS 

DIAMETER 

LENGTH 

WEIGHT 

2300 

10 

25/a  in. 

AVt  in. 

2/t  lbs. 

2700 

15 

23/a  in. 

4 3/a  in. 

2%  lbs. 

3400 

125 

3^6  in. 

5Vb  to  8'j4a  in. 

4'/2  to  7Vt  lbs. 

4100 

200 

4^6  in. 

6V2  to  73/l b in. 

6%  to  9 lbs. 

4500 

250 

4’/2  in. 

6Vi  to  8 in. 

11  Vi  to  1314  lbs. 

5100 

350 

5Vs  in. 

&V2  to  1 0 in. 

1 7 to  2 1 Vi  lbs. 

6100 

500 

6^6  in. 

9s/b  to  12  in. 

28  to  36  lbs. 

IEH<S®in9DKl<S.  1501  W.  Congress  St.,  Chicago,  U.S.A. 
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to  short  tool  life,  considerable  dam- 
age to  adjacent  equipment  due  to 
the  pliers  slipping  off  the  screw 
head,  and  numerous  hand  injuries 
to  personnel. 

Use  of  a wrench  greatly  increase 
the  life  of  the  socket-punch  screw 
head,  but  did  not  greatly  decrease 
damage  to  equipment  and  han  s 
due  to  wrench  slippage. 

New  Tools 

Use  of  a 4-in.  square  ratchet  box 
wrench,  in  locations  where  there 
was  adequate  hand  clearance,  e 
to  a satisfactory  reduction  in 
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Now  You  Can  Use  MYKROY  For: 


• Large  Terminal  Boards 

• Switch  Board  Panels 

• Large  Inductance  Bars 
and  Strain  Insulators  up 
to  29  inches  long 

• Switch  Connecting  Rods 


• Transformer  Covers 

• Large  Meter  Panels 

• Bases  for  Radio  Frequency 
and  Electrical  Equipment 
assembliesrequiring  large 
one-piece  sheets 


HERETOFORE  the  largest  sheet  of  glass-bonded  mica  insula- 
**  tion  available  measured  14%7/  x 19%".  By  doubling  the 
size,  Electronic  Mechanics,  exclusive  manufacturers  of  Mykroy, 
low  afford  Design  and  Production  Engineers  many  important, 
new  application  and  fabricating  advantages. 


Lower  Cost  per  square  inch  affects  savings  as  high  as  33% 
depending  upon  work  piece  size,  greatly  reducing  the  cost  per 
fabricated  part.  Better  Cutting  efficiency  lowers 
cost  still  further  extending  the  use  of  Mykroy  to  a 
longer  list  of  electronic  applications  where  for- 
merly cost  prohibited  its  use. 

Get  the  full  facts  about  this  versatile  dielectric 
now.  Ask  for  a copy  of  the  new  MYKROY  BUL- 
LETIN 102  which  describes  the  new,  larger 
W'  x 29%"  sheets. 


MAO!  EXCLUSIVELY  BY 


70  CLIFTON  BLVD  CLIFTON  N J 

CHICAGO  47:  1917  N.  Springfield  Avr  Tel.  Albany  4310 
EXPORT  OFFICE  89  Broad  Street.  New  York  4,  New  York 


IS  SUPPLIED  IN  SHEETS  AND  RODS  - MACHINED  OR  MOLDED  TO  SPECIFICATIONS 
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(continued) 


2 0 0 • 5 0 0 K.  C. 

XTREHELT  STABLE  CRYSTALS 
OR  HIGH  OUTPUT  AND  KEYING 

lamped  low  frequency  plated  crystal 
s with  permanent  frequency  precision, 
1%  from  — 30  °C  to  +60 °C!  None  of 
instability  typical  of  old-style  spaced 
s.  A crystal  that  can  take  it,  designed 
use  in  such  places  as  the  30-ton  Coast 
3rd  buoy  transmitter,  lighthouse  trans- 
ers,  aircraft  landing,  etc.  Each  unit  sub- 
ed  to  rigid  Government  specification 
ing  tests.  Mounted  in  aluminum  her- 
ically-sealed  holder. 

3 point  edge  suspension.  Top  2 points  are  spring 
adjusted,  tamper-proof  sealed  for  permanent 
frequency  stability. 

Electrical  contacts  soldered  to  silver  plate  at 
nodal  points  — no  mechanical  strain. 
Hermetically  sealed  holder  accomplished  by  spin- 
ning aluminum  can  over  gasket  under  high  pres- 
sure. 

Another  Cryslalob-engineered  development. 

Write  Dept.  E.L.  for  comprehensive 
catalogue  " Selectronic  Crystals'  and 
facilities  booklet  " Cryslalab  Solves 
a Problem", 


RCH  LABORATORIES 

P O H A 7 t O 

? J AllYN  STRlir.  HARTFORD  ].  CONN 
N t ■ York  10.  N T fhtit  M H S MS? 


The  illustration  shows  the 
use  of  the  metallurgical  mi- 
croscope, with  filar  microm- 
eter attachment,  which  gives 
the  greatest  known  accuracy 
in  measuring  the  diameter 
of  fabricated  mica  holes. 
(This  is  typical  of  the  Quality 
Control  of  production  of 
Ford  Mi  ca). 

FOR  EVERY  ELECTRICAL,  RADIO 
AND  ELECTRONIC  USE 


SOCKET-PUNCH  WRENCHES 

number  of  tool  replacements,  break- 
ages, and  injuries. 

Where  the  location  of  the  new 
socket  hole  was  in  the  center  of  a 
chassis  so  that  adequate  hand  clear- 
ance was  not  provided,  the  punch 
was  first  turned  with  a i-in.  square 
socket  extension  fitted  with  a tap 
wrench.  From  this,  tool  A (Fig.  1) 
was  developed.  This  tool  consists 
of  a i-in.  square  socket  extension 
brazed  into  a hole  in  a T handle. 

By  turning  the  square  extension 
with  a i-in.  square  ratchet  box 


Fig.  2 — Tool  B.  a ratchet  wrench  that 
fits  a locket  punch 


wrench,  a ratchet  wrench  for  tight- 
ening punch  screws  in  difficult  lo- 
cations developed.  The  final  form 
of  this  is  tool  B (Fig.  2),  consist- 
ing of  a square  extension  fitted 
and  brazed  into  a ratchet  handle. 


I 


Speed  Tool 

On  the  basis  of  experience  with 
the  two  tools  described,  tool  C (Fig. 
3),  consisting  of  a square  exten- 


Fig.  3— Tool  C uses  a carpenter  s brad 
lor  rapid  production  work 
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that  Truarc  Retaining 
Rings  hold  .moving 
parts  together  better! 


WALDES 

TRUARC 


retaining  ring 
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BEFORE  TRUARC 

The  American  Separator 
Company  found  no  solution 
to  the  problem  of 
excessive  noise  and 
vibration  set  up  by  the 
spur  gear  train  action  of 
this  separator  bowl 
revolving  at  8500. 


AFTER  TRUARC 


Truarc  Retaining  Rings 
eliminated  vibration  and 
noise  while  actually 
simplifying  the  assembly, 
achieving  a rigid  bearing  of 
greater  strength  with 
no  loss  of  speed! 


If  your  problem  is  holding  together  or  positioning  moving 
parts,  you  should  know  Truarc  Retaining  Rings.  They 
offer  important  advantages  over  nuts,  shoulders,  collars 
and  pins.  They  save  space.  They  make  assembly  and 
disassembly  easier,  simpler,  quicker.  They  keep  their 
bulldog  grip,  hold  their  true  circularity  indefinitely  under 
severe  working  conditions.  Test  Waldes  Truarc  in 
your  products,  in  the  machines  that  make  them.  Write 
for  samples  and  complete  data.  Dept.  H-10. 


SOCKET-PUNCH  WRENCHES 


(continued) 


The  urgent  demand,  in  peacetime  days,  by  the  aircraft 

and  radio  industries  for  a compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip, 
ment  for  the  aimed  services.' 

Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality.proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for,  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


DYNAMOTORS  • CONVERTERS 
GENERATORS 

POWER  PLANTS  • GEN-E-MOTORS 


PIDNEER  GEN-E-MDTOR 

CORPORATION 

5841-49  DICKENS  AVENUE  CHICAGO  39,  ILLINOIS 


Export  Office,  25  Warren  Street,  New  York  7,  U.S.A. 
Cable  Address:  Simontrice,  N.  Y. 
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sion  fitted  and  brazed  to  the  chuck 
core  of  a ratchet  carpenter’s  brace, 
was  developed.  This  was  found 
quite  satisfactory  for  rapid  produc- 
tion work. 

By  coupling  various  i-in.  square 
fittings  to  any  of  these  tools,  a 
socket  hole  can  be  made  in  almost 
any  location  where  it  is  possible  to 
drill  a pilot  hole  for  the  punch 
screw. 

Use  of  these  tools  led  to  an  esti- 
mated 25-percent  increase  in  pro- 
duction, with  an  accompanying  de- 
crease of  equipment  damage,  and  a 
virtual  elimination  of  hand  in- 
juries. 

New  Photocell  for  Ultraviolet 

The  British  company  Cinema-Tele- 
vision Ltd  has  produced  a new  pho- 
tocell for  ultraviolet  light  which  is 
an  improvement  on  the  older  so- 
dium cell,  with  a quartz  window. 

The  envelope  of  the  new  tube  is 
made  entirely  of  fused  quartz  since 
the  cathode  is  antimony  caesium 
and  there  does  not  seem  to  be  any 
cement  known  which  can  be  used  to 
make  a vacuum-tight  quartz  win- 
dow in  a glass  cell  and  yet  which 
does  not  combine  chemically  with 
the  caesium  vapor  used  during  the 
sensitising  process. 

The  antimony-caesium  cathode 
responds  to  wavelengths  between 
6,500  and  2,000  Angstroms  with  a 
peak  between  4,000  and  4,600.  In 
the  ultraviolet  region,  the  new  cell 
is  far  superior  to  the  older  sodium 
type  and  produces  from  100  to  600 
times  the  output,  size  for  size  and 
operating  in  a vacuum. 

What  is  equally  or  more  impor- 
tant, is  the  fact  that  the  antimony-  i 
caesium  cathode  has  good  response 
in  the  visible  region,  where  the 
sodium  cell  is  bad.  This  last  defect 
often  required  two  cells  (of  differ- 
ing color  response)  when  continu- 
ous measurements  had  to  be  made 
from  the  ultra  violet  to  the  red  end 
of  the  spectrum. 

Radio  Relay  Services.  The  latest 
figure  for  radio  relay  service  sub- 
scribers in  England  is  661,703 
and  it  is  interesting  to  note  tha 
during  the  last  three  months  o 
1944,  when  we  had  flying  bombs,  i 
rockets,  and  what  you  will,  the  total 
increased  by  24,000. 
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Power  Measurements  at  Very  High  Frequencies 


By  William  Mason 

Senior  Radio  Engineer 
North  American  Philipe  Co. 
Dobbe  Ferry,  New  York 


This  paper  describes  a means  for 
measuring  r-f  power  between  20 
and  40  watts  at  100  megacycles. 

Figure  1 shows  a single-ended 
class  C amplifier  stage,  using  long 
lines.  The  antenna  coupling  cir- 
cuit, consisting  of  L,  and  C,  is  de- 
signed to  match  a 70-ohm  coaxial 
line  to  feed  the  antenna.  The  load 
should,  therefore,  be  in  the  vicinity 
of  about  70  ohms.  A 60-watt,  110- 
volt  lamp  operated  below  full  watt- 


age has  a resistance  of  about  70 
ohms;  any  slight  discrepancy  is 
compensated  by  the  point  of  attach- 
ment to  the  coupling  circuit. 

If  a photoelectric  cell  PE  is  placed 
in  the  path  of  light  from  the  lamp, 
a direct  current  will  be  generated 
by  the  photocell  which  can  be  meas- 
ured by  a microammeter.  The 
amount  of  current  given  by  PE  is 
dependent  on  the  quantity  of  light 
produced  by  the  lamp,  which  in 
turn  is  a function  of  the  magni- 
tude of  r-f  flowing  through  it  By 
calibrating  the  microammeter  it  is 

216 


possible  to  find  the  amount  of  r-f 
power  produced  by  the  amplifier. 

Construction  Details 

As  some  photoelectric  cells  are 
damaged  if  subject  to  temperatures 
above  120  F,  it  is  advisable  to  sep- 
arate the  cell  from  the  lamp  by  at 
least  twelve  inches.  This  is  partic- 
ularly important  if  measurements 
are  to  be  made  over  an  extended 
length  of  time. 


A piece  of  Bakelite  tubing  with 
an  inside  diameter  sufficient  to  ac- 
commodate the  lamp  is  cut  to 
proper  length.  A series  of  small 
holes  is  drilled  in  the  tubing  to 
provide  ventilation.  A hood  over 
the  holes  prevents  entrance  of  ex- 
traneous light  The  photocell  is 
mounted  at  the  other  end  of  the 
tubing  and  bypassed  for  r-f  as 
shown  in  Fig.  1.  The  length  of 
leads  going  to  the  microammeter  is 
of  no  relative  importance;  the  leads, 
preferably,  should  be  shielded.  By- 
passing the  meter  is  also  desirable 


to  prevent  burn-out  due  to  stray  r-i 
current  The  meter  shunt  R may  or  A 
may  not  be  necessary,  although  it  n 
is  a precaution  to  include  it.  I 
The  bulb  is  debased  to  cut  down  I 
capacitance  and  the  cement  and  in-  I 
sulation  removed  between  the  cen-  I 
ter  contact  and  outside  contact  I 

Calibration  I 

Figure  2 illustrates  a calibration  1 
circuit  for  lighting  the  lamp  from  • ' 
the  a-c  line.  The  meters  are  used 
for  computing  the  power  input  to  : 
the  bulb ; a wattmeter  may  be  used  | 
if  available.  j 

To  calibrate,  remove  one  leg  of  I ' 
the  bulb  from  L,  and,  without  dis-  I < 


Fig.  2 — Circuit  for  calibrating  the  lamp  ^ 
from  an  a-c  lino.  If  the  lamp  is  re- 
placed, recalibration  is  necessary 


turbing  the  position  of  it  in  regard  | 
to  the  photocell,  connect  the  low-  ' 
frequency  a-c.  Adjust  the  voltage 
with  the  autotransformer  and  read 
the  microammeter.  Plot  the  wattage 
input  to  the  lamp  versus  meter 
reading.  Should  the  pointer  go  off 


Fig.  3 — A 100-mc  transmitter  with  photo- 
electric equipment  built  In  lor  measur- 
ing the  power  output 
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Fig.  1-Photoelectric  method  oi  measuring  r-f  power  at  100  megacycles 
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If  your  application  require*  a specially  designed  relay 
Guardian  engineers  can  be  of  great  help  to  you.  But,  as 
a result  of  their  wide  experience  in  designing  "specials  they 
have  evolved  a standard  design  so  flexible  that  it  is  now  speci- 
fied in  numerous  applications  that  would  ordinarily  require  a 
specially  designed  unit.  Perhaps  you  can  use  it  in  your  specml 
application . . . with  a saving  in  money  and  delivery  time.  This 
unusually  flexible  relay  is  the  SERIES  345.  Its  chief  features  are 
the  large  coil  winding  area,  numerous  contact  combinations,  the 
non-binding  pin  type  armature  hinge  pin,  its  resistance  to  shock 
and  vibration,  and  an  ability  to  operate  in  extremes  of  temper- 
ature. h is  now  being  used  in  aircraft,  radio,  and  other  exact- 


ing applications  to  insure  dependable  performance. 
STANDARD  SERIES  345— The  ample  coil  winding  area  of 
the  SERIES  345  gives  you  a wide  range  of  windings  for  various 
voltages  and  currents.  Coil  winding  area  is  approximately  .75 
cubic  inches.  Average  power  required  is  3.56  watts  with  three 
pole,  double  throw  contocts  of  12'/i  amp.  capacity.  Coils  are 
available  for  either  A.C.  or  D.C  operation. 

The  maximum  switch  capacity  of  the  Standard  Series  345  is 
three  pole,  double  throw.  Contacts  are  rated  at  12'/s  amperes 
at  110  volts,  60  cycles,  non-inductive  A.C.  Moving  contacts  are 
attached  to  but  insulated  from  the  armature  by  a bakelite 
plate.  Terminals  are  solder  lugs.  Weight  is  6'/z  ounces. 


VARIATIONS  OF  THE  SERIES  345  RELAY 


TMC-MLAV 


WINDING— Multi-wound  coils  are  avail- 
able for  operation  on  two  or  more  circuits. 
Or  coil  may  be  wound  to  operate  on  the 
discharge  of  a 3 mfd.  condenser. 

CONTACTS— Normal  switch  capacity  is 
three  pole,  double  throw;  maximum  switch 
capacity  may  be  up  to  six  pole  double 
throw  with  12  % amp.  contacts,  or  any  vari- 
ation of  contact  combinations  within  this  range, 
induding  the  operation  of  contacts  in  sequence. 

The  flexibility  of  the  contact  springs  may  be 
increased  through  the  use  of  coil  spring  rivets. 

TtMI  DELAY— On  D.C.  coils  a time  delay  of 
0.25  seconds  on  release  or  0.06  second  on 
attract  may  be  achieved  through  the  use  of 
copper  slugs  which  require  these  time  intervals 
for  saturation  or  de-energizing  depending  on 
whether  they  are  used  on  the  heel  or  head  of 
the  coil. 

DUST  COVER— For  applications  where  this  relay  may  be 
subject  to  injury  or  in  atmosphere  where  dust  may  be  pr8**"' 
In  suffident  quantity  to  impede  operation,  the  SERIES  345  may 
be  equipped  with  a metal  dustproof  cover. 

SCREW  TERMINALS— Screw  type  terminals  are  optional 
for  applications  where  terminals  must  be  disconnected  occa- 


MISTCOVn 


sionally  or  where  solder  lug  terminals  are 
not  otherwise  practical. 

INTERLOCKING:  Here  the  series  340  a-c 
relay  is  coupled  with  the  d-c  coil  of  a 
series  405  short  telephone  type  relay  in  an 
overload  application.  Under  normal  condi- 
tions the  series  340  contacts  are  mechan- 
ically held  in  a closed  position.  Normal 

current  flows  through  the  series  405  coil  and 
then  through  the  series  340  contacts  to  the 
circuit  for  which  overload  protection  is  de- 
sired. Excessive  current,  however,  energizes  the 
series  405  coil,  releasing  the  locking  arrange- 
ment and  breaking  the  series  340  contact. 
Push  button  control  resets  to  normal  but  ,s 
ineffective  if  current  is  still  excessive. 


INTERLOCKINQ  UNIT 


SERIES  345  RELAY  DATA 


Normal 
Volts 
6 ' 
12 
24 
32 
115 


Minimum 

Coil 

M.A. 

M.A. 

Resist. 

Wattage 

600 

480 

10 

3.56 

300 

245 

40 

3.56 

148 

111 

162 

3.56 

112 

89 

287 

3 56 

31 

25 

3720 

3.56 

Minimum  operating  wattage. 
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TO  YOUR  SPECIFICATION 


Insulineis  equipped  to  make  anything  from 
a lug  to  a huge  transmitting  cabinet  accord- 
ing to  your  specifications.  All  materials  — 
steel,  aluminum,  brass,  copper,  etc.,  — are 
on  hand;  and  the  following  facilities  for 
producing  the  complete  job,  from  begin- 
ning to  end,  are  available : 

A complete  tool  and  die  shop;  automatic 
and  hand-screw  machines;  engraving,  coil- 

D winding,  milling,  and  grinding  machines; 
power  shears;  power  brakes;  punch  presses; 
automatic  welding  machines;  spray 
booths;  baking  ovens;  plating  tanks,  etc., 
plus  an  entire  floor  devoted  to  machine 
£§H  and  hand  assembly. 

addition,  our  competent  engineering 
staff  and  a modern  experimental  labora- 
>,j  tory  are  always  available  to  help  you  with 
your  production  problems. 


msuline 

CORPORATION  OF  AMERICA 

INSIHINE  BUILDING  • LONG  ISLAND  CITY,  N Y 


R-F  MEASUREMENTS 
scale  before  the 

maxima 

; range  is  reached,  then  Ri 
I to  keep  the  meter  on  a 
The  calibration  obtaii 
only  for  each  individual 
distance  between  the  lam 
photocell.  Any  change  r 
calibration  necessary.  Fij 
a typical  calibration  chart 
with  the  unit  in  the  tn 
illustrated  in  Fig.  8. 

After  calibration  has  b 
pleted,  reconnect  the  Ian 
The  transmitter  is  turnet 
L,  coupled  to  h so  as  to  i 


A A 3 00 


<0  o O o 2 r 

S X 2 S t » ■ 

d < A I 

c c,  c*  r>  n i 

WATTS 


Fig.  A — Typical  calibration  cbo 
lained  by  use  of  the  circuil  SCO 
Fig.  2 

! tube  draw  normal  plate  ci) 
The  plate  tank  is  repeated 
tuned  for  minimum  plate  ct 
while  C is  being  adjusted  for 
mum  plate  current.  The  co 
tions  from  the  lamp  to  L.  shot 
I tried  in  several  places  for  cc 
| impedance  match.  The  proper 
is  where  the  meter  indicates  i 
mum  for  the  required  input  t< 
tube. 

Once  the  proper  connection 
the  lamp  to  L,  and  the  correct  i 
tionship  between  L,  and  L,  has 
established.  L . should  be  foe* 
position.  To  determine  the 
power,  observe  the  meter  rea 
and  refer  to  the  calibration  ch 


Recorded  Sound  ^a'e? 
i Locate  Bonib  Hits 

I A SONIC  METHOD  of  scoring  prad 
bomb  hits  has  been  used  at 
Army  Air  Field  in  Texas,  the  M 
central  school  for  bombing- J- 
system  involves  recording  * 
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SHEAR  TYPE 


“goaded  TZMvi 

mountings 


Originators  of  Shear  Type  Bonded  Rubber  Mountings 


bration  Control  increases  effective  power 
oved  transmission;  it  prolongs  the  life  of 
uxiliary  equipment.  It  safeguards  delicate 
ipon  whose  functioning  safety  depends, 
he  comfort  and  efficiency  of  operators. 
l and  enjoyment  of  passengers. 

,e  a Lord  Mounting  to  solve  your  vibra-j 
, or  we’ll  make  one.  Lord  engineers  are  at 
Keep  up  to  date  on  vibration  control;  let. 
tame  to  our  mailing  list. 


•Hie  science  of  vibration  control  has  not  been  behind 
(other  sciences  in  the  advances  it  has  made  under  the 
spur  of  urgency  to  win  the  war.  Lord  Bonded  Rubber 
Mountings  solved  vibration  problems  on  practically 
every  vehicle  of  war  that  sailed  the  skies,  traveled  on 
‘*ud  or  water,  or  bored  the  dark  caves  of  the  ocean. 

All  that  Lord  has  learned  in  a generation  of 
pioneering  the  field  of  vibration  control,  through  peace 
."'•r,  is  at  the  disposal  of  manufacturers,  design 
ougineers,  and  operation  managers,  in  this  new  age  of 
uler.  transport  in  a travel-minded  world. 

Lord  Mountings  for  Fatter-Smoother-Quieter  Travel 


LORD  MANUFACTURING  COMPANY 

ERIE,  PENNSYLVANIA 
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DC  RELAYS 


MANUAL  AND  MAGNETIC  ELECTRIC  CONTROLS  — TOR 
AUTOMOTIVE.  INDUSTRIAL.  COMMUNICATION  ANO  ELECTRONIC  USE 


SONIC  LOCATOR 


waves  picked  up  by  mi 
the  target  area. 

Four  low-frequency 
are  placed  about  the 
square  pattern,  each  fi 
the  target  center.  Eacl 
is  connected  to  a reflect 
meter  in  an  oscillogra; 
unit  1600  feet  away.  H 
explodes,  the  time  of  a 
sound  wave  is  measu 
corded  on  a photograph; 
as  four  individual  hi 
oscillograph.  The  lo 
microphones  pick  up  oi 
noise  and  are  not  actual 
noise  or  other  extraneoi) 

Geophones  are  used' 
the  recorder  when  it  i 
receive  the  sound  wavi 
a ground  tremor  travels 
a sound  wave  through  | 
phone  can  signal  the 
fraction  of  a second  bet 
nal  from  the  microphon 


COMPACT  DESIGN 


FRONT  OR  REAR  MOUNTING 


SCREW  OR  SOLDER  TERMINALS 


^ R-B-M  announces  a new  and  improved  design  of  magnetic  relays 
rated  10  amperes  at  24  volts  D.  C.  and  110  volts  A.  C.  and  5 amperes  at 
220  A.  C.  Relays  rated  at  one  horse  power  single  phase  110  and  220 
volts  A.C.  Silver  to  silver  contacts.  Self-aligning  armature.  All  wiring 
terminals  accessible  from  front.  Contact  arrangement — single  and  double 
pole ; normally  open,  normally  closed  and  double  throw.  Steel  mount- 
ing with  A.  C.  and  D.  C.  relay  mounting  dimensions  interchangeable. 
Available  in  open  type  or  with  sheet  steel  general  purpose  enclosure. 
Bulletin  510  on  D.  C.  relays  and  Bulletin  560  on  A.  C.  relays  available 
upon  request  Write  Department  A- 10 ... 

R-B-M  Manufacturing  Company 

' 'Division  of 

Essex  Wire  Corporation 

Logansport,  Indiana 


nal  from  the  geophone 
eorder  so  that  it  can  op< 
to  one  and  a half  secor 
shut  itself  off  by  mean 
tronic  control.  Eight  g' 
used;  one  between  each 
and  one  adjacent  to 


Figure  1 shows  a 
target  as  seen  by  the 
The  puff  of  black  smok 
a bomb  planted  in  th 
quadrant  of  the  targe 
ure  2 shows  the  soun 
tered  on  the  sonic  * 
The  top  trace  in  tn< 


FIRS! 


1.  lead—  I Vi"  2.  Ceramic  Body 

3.  Silvered  Surface  /*.  Soldered  Connection 
5.  Insulated  Protective  Covering 


PATENT  APPLIED  FOR 


II-VOITAGE  TELEVISION 

SUPER  KILOVOLT 

iPACITOR  J5, 

MADf  ONLY  BY  JEFFERS 


WHERE  SPACE  IS  A PROBLEM 

THE  SMALLEST 
INSULATED  CERAMIC 

CAPACITOR  £5, 

MADE  ONLY  BY  JEFFERS 


.Jeffers  leads  the  field  with  its 
action  of  the  Super  Kilovolt  Ca- 
jr.  Developed  in  cooperation  with 
I the  nation's  leading  television 
lecturers,  the  Jeffers  Super  Kilo- 
ipocitor  provides  a dependable 
In  to  the  need  for  compact,  ce- 
Bopacitors  for  installation  in  tele- 
fercuits.  The  Jeffers  Super  Kilovolt 
feor  is  tested  at  16,000  volts  DC 
designed  to  operate  up  to  8000 
DC.  Available  in  capacities  from 
1 1500  mmf.  Contacts  secured  by 
I to  ceramic  bond,  insulated  with 
oc.  Write  today  on  your  company 
outlining  your  problems  or 
nts.  A Jeffers  representative 
i o discuss  them  with  you. 

I The  standard  line  of  Jeffers  . 

I Hpocitofs,  resistors  and  chokes  M A 
1 “"sown  in  the  center  "J"  panel.  ’ 


-flQOOmmf: 


Another  and  interesting  Jeffers  innova- 
tion is  the  ceramic  capacitor  Type  JC1- 
Al.  This  is  the  smallest  insulated  capac- 
itor unit  to  be  found  in  the  entire 
industry  and  provides  a dependable 
answer  where  space  limitations  are  a 
problem.  The  Jeffers  ceramic  JC1-A1  is 
made  in  a range  of  capacities  from  1 
to  25  mmf  when  our  material  N750  te 
utilized  and  up  to  400  mmf  where  high 
dielectric  constant  material  is  employ- 
ed. Like  all  units  in  the  Jeffers  line,  it  is 
produced  to  high  accuracy  standards. 
Write  on  your  letterhead  today  stating 
your  problems  or  requirements  and  a 
Jeffers  representative  will  call  to  discuss 


70/3Q 


Send  for  FREE  Jeffers  catalog  covering 
the  full  line  of  capacitors,  resistors  and 
chokes  and  including  information  on 
special  windings  for  resistor  units. 


JEFFERS 


DU  BOIS,  PENNSYLVANIA 
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THE  INSL-X  COMPANY  INC 

857  MEEKER  A VC..  BROOKLYN ' k„irHIA 


AMCtLtS 


ptTPOlT 

CtEVClAMD 


CHICAGO 


---  I 

that  coincided  vertically  o# 
Individual  bomb  hits  a 
i fied  by  a clock  face  which 
matically  photographed 
time  of  recording.  This  is  e 
to  the  bombardier’s  recon 
time  of  bomb  impact  to  tb» 
second  to  distinguish  his 
from  that  of  other  bond 
The  circular  area  accur* 
corded  has  a radius  of  abi 
feet.  Bombs  are  seldom1) 
outside  that  area. 

At  Midland,  the  system  i 


JCrlectrical  manufacturers  with  an  eye 
to  sales  leadership  know  the  value  of 
proper  insulation.  That's  why  on  post- 
war products  most  likely  to  succeed, 
specifications  call  for  INSL-X  coatings. 
INSL-X  Research  Leadership  is  your 
guarantee  of  Quality,  Service  and 
Dependability. 


VETS  BUILD  RAD® 


Informative  Literature  Upon  Request 
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RADIO  TRANSMITTER  PW-981-A 


This  compact  2500  watt,  remote -control,  air-cooled,  radio  transmitter  is 
engineered  to  the  same  precision  standards  that  characterize  all  Press  Wireless 
communication  equipment.  Operating  frequencies  from  2.5  to  23  mega- 
cycles are  available  for  radio-telegraph,  radio -teleprinter,  radio -photos 
and  facsimile. 

Amplitude  ON-OFF  keying  speeds  to  150  w.p.m.  may  be  employed.  A Fre- 
quency Shift  Unit  built  into  the  transmitter  permits  the  important  advantages 
of  high-speed  frequency  shift  keying. 

Radio  transmitter  PW-981-A  combines  simplicity  of  operation  with  care- 
luliy  integrated  design  to  occupy  a floor  space  less  than  one  square  yard. 
The  unit  operates  from  a 3-phase,  220/230  volt,  50/60  cycle,  8 -kilowatt 
power  source. 


Write  for  free  engineering  bulletin. 


' PRESS  WIRELESS, Inc. 

" :-”ve  and  Soles  Ollice.  1475  BROADWAY,  NEW  YORK  18 

' Awarded  to  Our  Hitktvrll* 

; £ \ * { l 1 plont  for  outstanding 

''■**  |UVy\  a<hi*vpm*nt  in  war  pro- 

duction 

| 'tNOS  AIRES  - RIQ  OE  JANIERO  • MONTEVIDEO  MANILA  ■ BERNE  SANTIAGO  OE  CHILE  • 

NEW  YORK  • CHICAGO  • LOS  ANGELES  LONDON  HAVANA 

-October  194S 
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THE  COMCO  LINE 

Engineered  for  Long  ^ea 

of  Dependable  Performance 


SMSQURNCV  OCVIATIOW  *C 

50  » o » »o  'p-g 
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/MODEL  I32M 

/overall  -fH 

SELECTIVITY! 
120  Me.  TT 


Painstakingly  deign- 
ed and  built  by  sea- 
soned engineers  and 
skilled  craftsmen  in 
limited  volufflti 
COMCO  Electronic 
Equipment,  in  every 
way,  measures  up  to 
highest  custom  stand- 
ards. Easy  to  service, 
COMCO  guarantees 
you  long  years  of  de- 
pendable performance 
under  all  climatic  and 
working  conditions. 


COMCO  TRANSMITTER  Model  170 

Reliable  VHF,  50  wans  output.  Frequency 
range  100  to  165  Me.  Cabinet  size:  Width 
23';  depth  18";  height  48';  COMCO  Model 
127AA  Transmitter  also  available  for  oper- 
ation on  a frequency  range  of  200  to  550  kc. 


! 


COMCO  RECEIVER  Model  132 

Compact  VHF  crystal  controlled,  fixed  fre- 
quency, superheterodyne.  Single  channel  re- 
ception; 5 Vi-inch  relay  rack  panel  mounting. 
12  tubes.  Frequency  range  100  to  165  Me 
Medium  and  low  frequency  receivers  also 
available. 


WRITE  I Just  a note  on  yomr  company  letterhead  outlining yoar  exact  requirements.  We  llgioe 
yon  the  benefit  of  oar  specialized  experience.  We  can  supply  a wide  variety  of  enstometea 
equipment  on  priority  NOW.  We  are  accepting  non-priority  orders  for  post-war  delivery. 


MANUFACTURERS  OF  RADIO 


IFCTRONIC  EQUIP 


COMMUNICATIONS  COMPANY.  Inc. 

CORAL  GABLES  34,  FLORIDA 


I Stabilized  Pulse  Cir« 

I A SIMPLE  AND  USEFUL  pull 
which  it  is  claimed  produi 
output  pulses  that  are  ind 
of  tube  or  anode  voltage  cl 
shown  in  the  diagram. 

Tube  VT-2  is  made  to 
by  pulses  applied  between 
and  B and  generates  its 
pulse  across  the  impedance 
cathode  resistor  Rt  introdu 
ative  feedback  and  stabil; 
anode  current  of  tube  VT-2 
applied  grid  voltage,  rendei 
amplitude  of  the  output  pul 
sensitive  to  changes  of  I 


Margin  for  Error  in  PORTER  operations 

h * 


When  you  require  sheet  metal  work  — in  any 
metal  — and  PRECISION  to  close  tolerances  is 
a must . . . Porter  has  the  experience  and  equip- 
ment to  meet  your  needs  to  your  complete 
satisfaction. 

The  skilled  technicians  and  engineers  of  our 
thoroughly  modern  factory  stand  ready  to  help 
you  work  out  money-saving  and  time-saving 
changes  in  design.  Also,  our  large  stock  of  avail- 
able dies  often  helps  speed  up  production  while 
reducing  manufacturing  costs. 

METAL  BOXES  * CASES  * CABINETS  * 
CHASSIS  * ODD-SHAPED  FLAT  PIECES 
* STRIPS  * PANELS  * HOUSINGS  * ETC. 


METAL 

PRODUCTS 

COMPANY 


RICHARDSON  COMPANY 
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resistant 


• This  isn’t  an  unusual  statement  at 
all— not  when  you’re  talking  about 
punched  parts  made  of  Laminated 
INSUROK!  For  in  the  electrical  in- 
sulation field  Richardson  precision 
plastics  have  long  been  favorite 
materials  . . . used  by  the  millions 
in  all  shapes,  sizes  and  thicknesses. 

This  outstanding  preference  is 
easy  to  understand,  for  Laminated 
INSUROK  is  an  easy-to-handle 
product  whose  physical  character- 
istics remai n commercially  uniform. 

It  can  be  drilled,  punched,  sawed, 
turned,  planed  or  milled  in  your 
own  shop— without  special  tools— 
or  Richardson  Plasticians  will  do 
it  for  you.  Write  today  for  the  full 
story  about  INSUROK  . . . lami- 
tated  and  molded. 


Digitized  by 


If  your  product  reguires 
electrical  wiring  — 
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and 

compactness 

with  ACRO  Switches 


* Mechanism  of  the  patented  Aero  Rolling 
Spring  switch  lends  itself  to  adaptation 
in  various  shapes  to  fit  the  design  of  your 
units.  Multiple  mountings — flat  or  vertical 
— end  to  end,  or  side  by  side.  Small  case 
shapes — rectangular  or  curved.  Various 
types  of  brackets  for  flexibility  of  mounting. 
Actuation  pressure  as  low  as  two  grams 
(using  leaf  bracket)  or  as  high  as  1 'A  lbs. 
Surely  one  of  the  many  ACRO  Model  “M" 
designs  should  fit  your  needs.  Send  your 
design  details  showing  space  dimensions 
and  operating  features  for  quicker  reply. 

ACRO  ELECTRIC  COMPANY 

1316  Superior  Avenue  Cleveland  14,  Ohio 
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ft  a tnaximu®  Profi 
quality  of  reproducti 
q Miniature  compon 
see  as  particularly  0 
dbary  domestic  sets 
car  or  lightweight  | 
may  have  something 
but  the  irrational  era: 
in  miniature  has  al 
human  beings  and  ra 
must  be  on  their  gua 
The  Lord’s  Prayer  hi 
ten  on  a grain  of  rice 
nique  has  little  to  cc 
^everyday  life  and  any 
Bedford  of  Cossors  hai 
the  greatest  obstacle  i 
miniature  components 
body  has  yet  invented 
watt. 


Narrow-Band  Relay 

simple  but  useful  ide 
limited-frequency-respc 
mitters  for  the  relayi 
quality  broadcast  pi 
brought  forward  in  th( 
issue  of  Wireless  Wc 
Stockman,  editor  of  Pot 
Stockholm. 

He  proposes  to  recoi 
gram  on  disks  or  tape 
this  canned  version,  runi 

normal  speed,  to  modulat 

mitter.  The 
would  deer 
as  the  speed 
same  relative  ( 

Since 
would  be 
have  limited 
it  could  be 
tio  as  the  sp 
noise  level 
would  also  be  i 
tive  fading. 

At  the  teem 
gram  wouldj 
then  rtP* 

Since 
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TRANSMITTERS  in  ASSEMBLY 


ORDER  NOW! 


VL'*%0  _:*iers  can  now  be  ordered  . . . to 

■mg  tran0®“*Jfts/  Entirely  new  . . . with  import^ 
■t  W°aA??CC  reqU£®  Armstrong  Modulator  . . . 
i P^^ients  ^ofe  efficient  performance  than  ever  before!  9 
:dr,le  . . • even  Cat.  No. 

‘ power  QUIP*  54g  ^DL 

250  watt  518  ADL 

1000  watt  5ig  ADL 

3000  watt 

rEL  advertisements  wiU  give  you  information  regarding 
fitters  of  higher  power.  Watch  for  them! 

today  f°r  technical  data,  prices  and  delivery  . . . or  better 
^ as  other  broadcasters  have  already  done-send  your  order, 
later  confirmation,  thus  assuring  early  delivery. 
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SALES  REPRESENTATIVES 

Midwest 

REL  Equipment  Sales,  Inc. 
412  N.  Michigan  Blvd. 
Chicago,  III. 


Michigan 

„ M.  N.  Duffy  & Co.,  Inc. 
2040  Grand  River  Ave.,  W 
Detroit,  Mich. 

PIONEER  MANUFACTURERS 


Pacific  Coast 

Norman  B.  Neely  Enterprises 
7422  Melrose  Avenue 
Hollywood  46,  Cal. 

OF  FM  TRANSMITTERS  EMPLOYING  ARMSTRONG  PHASE-SHIFT  MODULATION 
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ELECTRONIC 


Logarithmic 


with 


MODEL  300 
ELECTRONIC 
VOLTMETER 


ACCESSORIES 

MODEL  220  DECADE  AMPLIFIER 
MODEL  402  MULTIPLIER 


Since  its  development  in  1935  the  Ballantine 
Electronic  AC  Voltmeter  is  the  only  instrument  of 
its  kind  icith  a Simplified  Logarithmic  Scale. 

The  important  feature  of  logarithmic  scale  in- 
dication in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1 as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi- 
range instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  29c  specified  tolerance  over 
the  complete  range  of  operation. 
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neers  say  that 
system  should  be  i 
and  equally  good  en 
we  should  go  up  to 
100  Me  carrier  fr 
how  are  we  going  t 
programs  from  c 
j Wave  guides— u-h-i 
cables;  nobody  seer 
compelling  ideas  on 
On  the  other  sid 
| sits  the  man  who  is 
set  and  install  it  at  1 
has  been  told  a lot  al 
tronics  has  done  di 
and  if  something  re 
not  be  produced  ; 
after  hostilities  ceas 
sit  back  and  say,  “I'll 
years  until  sets  get  i 
results  are  worth  se< 
j a lot  are  saying  that ; 
anything  is  going  to 
stone-dead  it  is  that  ki 

Sensory  Electronics, 
who  could  well  bene 
more  intensive  reseal 
tronicists  are  the  d 
blind.  Deaf  aids  ce; 
but  it  is  high  time  thi 
taken  to  redesign  thei 
duce  the  exorbitant  I 
are  charged.  Similar 

do  much  more  to  make  t 

accessible  to  the  blind 
Library  of  the  i at 
for  the  Blind  m Great 
only  464  books  record^ 
age  number  of  d 

is  10.  TheyaredW 
with  200  grooves 
playing  at  24  rp 

ifltravioh 

ssts-'**: 
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A new  and  effective  sales  feature 


what  is  the  Belden 
CONNECT- A -CORD? 


CONNECTOR 


CONOUCTO*  i PLUG 


Appliance  users 
want  this  new  advantage 

The  Belden  Connect-A-corD  is  a 
new  idea  but  already  surveys  show 
that  considerable  percentages  of 
electrical  appliance  users  want  its  ad- 
vantages. No  mere  postwar  dream, 
the  Belden  Connect-A-corD  is  al- 
ready engineered.  It  is  offered  now 
only  after  a thorough  check  estab- 
lishing a customer  demand  for  it  on 
better  electrical  equipment. 


your  newly  designed  appliances 


Detachable  at  both  appliance  end  and  plug 
end,  Belden  Connect-A-corDs  are  something 
new  in  electrical  cords.  They  greatly  sim- 
plify line  assembly,  packing,  and  product 
display,  and  they  add  still  another  effective 
sales  feature  to  your  newly  designed  electri- 
cal appliances.  Available  in  matching  colors 
and  in  almost  any  length,  Connect-A-corDs 
are  completely  interchangeable — ending  the 
of  too-short-to-reach  cords  and 
tangled  coils  of  extra  lengths. 

Connect-A-corDs  eliminate  dealer  cord 
repair  service  and,  like  all  other  Belden  elec- 
trical cords,  offer  complete  freedom  from 
Corditis.  Also,  consistent  national  advertis- 
ing pre-sells  Connect-A-corDs  to  your  cus- 
tomers. Write  for  information  today. 

Belden  Manufacturing  Company 
4625  W.  Van  Buren  St.,  Chicago  44,  111. 


Belden 
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Tru  Tolerance"  RESISTORS 

ore  "Tops"  with  Manufacturers  of 
Instruments,  Radio,  Electronic  Equipment 


J/tetfrc  Trip/e /mprwet// 
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ACETATE  label 

Tougher,  dtonir,  more  duroble 
timing.  PioUtii  »indjng  frgffl 
mithooitol  Undim,. 

'**'  l,om  plwtiog  label.  *(. 

, f’  fungus  protection  It 
finding. 


ADDED  INTERNAL 

insulation 

triii  em  wires  are  Insulate d 
uim  rtrt  at  minding  eftb  nctlati 
cloth.  An  t«l„|„  Mt(,t0 
'«•  (potent  pending). 


double  seal 
impregnation 

fr.v.nt,k ,..kd..„I0„d  ,borr. 

ond  Silt  spray  tests  better  I, 
'»»0ut  ft)!  stont.  15 


"rssr.srt  «—■ 

gf**  fob 

Alfay  wg,. 

tost*.  ^ to  ®eot  moot  rigid 

f«ra  Terminal  PrafacHon- 

Lug  type  winding  l»1Tt|i  and  t * 
and  molded  intooneZ^r"9..6”^^ 
‘“‘nirely  anchored  Lead  wure  type 

’““a  protected  10  WlUl  w“ding 

breaking  in  handling.  preyent  Poeaible 
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Sever#  Breakdown  Test 

Careful  Calibration 

fe^edl&^^^well 
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MADISON  CUCTRICAl 
PRODUCTS  CORPORATION 

madison,  new  jersey 
Precision  Reslitert  . Thermocouple, 

V<Jfm«f«r  Multipliers 
electronic  Specialties 


Is  °pa,3ue  to  ultraviolet  U 

-r-  t0  visible  J 

The  problem  arose  in  co, 
Wlth  mstruments  on  tie 

Panels  of  aircraft,  where, 

is  sometimes  used  to  rend 

markings  clearly  vinibie  to| 

A snag  arose,  however  t 
tam  equipment  involved'  th 
ence  of  a cathode-ray  tubs 
Panel,  since  u-v  light  caui 
whole  of  the  phosphor  to  gi 
so  the  trace  was  effective!? 
ated. 

Research  showed  that  th 
tion  lay  in  spraying  the  em 
of  the  c-r  tube  with  a « 
nitro-cellulose  laquer  contai 
little  picric  acid.  This  effe 
blocked  the  u-v  but  did  notdt 
the  visibility  of  the  tube  tn 

Shipyard  Strain  Gages.  I 
in  Shipbuilding  that  resi 
strain  gages  have  been  in 
marine  boiler  investigations, 
j in.  in  diameter  was  ww 
a flat  form  and  bonded  in  the 
manner  with  resin-impref 
paper.  A particular  researt 
volved  the  strains  on  boiler  j 
the  experimental  method  bet 
work  on  a test  box  having  [ 
representative  of  those  in  the 
bustion  chamber  of  a boiler. 

Random  Radiations.  'The  p 
which  has  to  be  measured  (i 
talk  between  carrier  channels) 
be  less  than  a hundredth  of  s 
Month  of  a microwatt  As  heat 
ergy,  this  is  roughly  equal  to 
from  a 60  watt  lamp  falling  o 
collector  one  foot  square  at  a 
tance  of  4000  miles.”— W.  G.  B 
ley.  (G.P.O.  Research  Station). 

Radioplanets  To  Order.  An  o 
cial  of  the  British  Interplanet; 
Society  has  brought  forward  an 
teresting,  and  apparently  qu 
sound  proposal  based  on  the  ti 
mendous  speed  of  the  Nasi  V 
weapon.  He  points  out  that  if 
rocket  could  be  given  a velocity 1 
about  8 kilometers  per  ^ 
(about  3 times  that  of  V-2)  itcoul 
be  sent  up  to  the  stratosphere  an 
would  circle  the  earth  forever,  a 
an  artificial  satellite. 

The  value  of  the  device  would  In 
in  the  fact  that  it  could  carry  mete 
orological  instruments  and  radii 
the  readings  back  to  earth  at  regu- 

Ochbf  WJ_  ELECTRONICS 
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reflect 


characte: 


:ristically  advanced 


include  extremely  high 


-rn*  noW  ready- 

a,tlpli6elngiIieering‘  r refinements 

‘UlT.b*  safety  factors  through  to  us.  of 

* *°  nents  throughout. 

componc  superb  5,000  watt  transmitter,  with 


fidelity- 


oversee  ,g 

The  Colims  rat{on  at  1,000  watts  also  available. 

reduced  within  db,  from  30  to 

Its  response  cui 

10,000  cycles. 

The  Collins  20T  is  a 1,000  watt  transmitter,  of  similar 
characteristics,  equipped  for  reduced  power  operation 
at  500  watts  if  desired. 

The  Collins  300G  is  a 250  watter  of  equal  fidelity,  with 
reduced  power  operation  at  100  watts  available. 

The  Collins  12Y  one  channel  remote  amplifier  is  light, 
handy,  simple  and  efficient.  It  is  for  unattended  operation 
from  a 115  volt  a.c.  power  source. 

The  Collins  12Z  four  channel  remote  amplifier  is  a.c.-d.c. 
powered,  the  d.c.  source  being  self-contained  batteries 
which  take  the  load  automatically  in  case  of  a.c.  line  failure. 

A complete  line  of  Collins  high-quality  studio 
equipment  is  available  for  either  AM  or  FM  application. 

An  outstanding  broadcasting  station  begins  with 
outstanding  equipment.  We  will  be  glad  to  know  about 
your  plans  and  submit  complete  recommendations.  For 
additional  detailed  information,  write  the  Collins  Radio 
Company,  Cedar  Rapids,  Iowa;  11  West  42nd  Street, 

New  York  18,  N.  Y.  Collins  equipment  is  sold  in 
Canada  by  Collins-Fisher,  Ltd.,  Montreal. 
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OPEN  YOUR  EYES 

Look  at  the  time  you  waste  making 
smudges  and  trying  to  unmake  them 
. . • on  tracing  paper.  Look  at  the  foggy 
reproduction.  Then  look  at  Arkwright 
Tracing  Cloths. 


4 CHOICE  THAT'S  WISE 

Arkwright  Tracing  Cloths 
nave  the  surface  for 
clean  erasing  and  easy, 
clear  re-inking  . . . and 
me  transparency  to  give 
sharp  reproduction. 


A WAY  TO  ECONOMISE 


It  s what  you  get  for  what  you 
pay  that  determines  cost.  In 
Arkwright  Tracing  Cloths  you 
get  time  saving,  quality  saving 
and  a plus  . . . durable  trans- 
parency Prove  it  by  writing 
today  for  free  samples 
Arkwright  Finishing  Company, 
Providence,  Rhode  Island. 
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lar  intervals.  Revolving 
h0urs  ^ would  be  wJJ 
range  of  half  the  earth 

and  three  receiving  rtatij 

grees  apart  would  be  SD| 
receiving  the  data  Batteri 
of  course,  only  have , li, 
but  it  is  suggested  that  | 
and  thermo-couples  could  b 
switch  off  the  electrical 
much  of  the  time  and  to 
the  period  over  which  we  i 
results. 


Photo-Mechanical  Osdllal 
medical  and  other  biolq 
search,  it  is  sometimes  rtq 
produce  oscillations  at  a fi 
below  10  cps  and  two  ini 
pieces  of  equipment  for  pi 
these  were  described  in  fi 
Engineering  recently. 
The  first  was  simply  a 

disk  revolving  in  front  of  a 
aperture  through  which 
passed  on  to  a photocell. 
1-watt  bulb  and  a rectd 
cell  the  output  was  5 mv 
quencies  between  1 and  100  e 
only  about  5 percent  odd  hai 
in  the  waveform. 

A rather  more  complied) 
rangement  of  this  principle! 
waves  to  be  synthesised,  is 
phase  and  amplitude  of  ha 
up  to  the  tenth,  controflali 
respect  to  the  fundamental ! 

Two  disks  are  used,  each 
with  five  rings  of  holes,  d 
giving  the  fundamental  Si 
7th  and  9th  harmonics  wk 
other  has  spacings  to  give  fid 
4th,  6th,  8th  and  10th.  k\ 
photocell  is  mounted  oj 
ring  and  each  cell  is 
lever,  so  that  it  can  be  rota 
an  axis  in  line  with  the 
die.  This  allows  phase 
Potentiometers  connected  < 
the  cells  give  amplitude  at 
ment. 

A variable-speed  phonogrfl® 
tor  is  used  for  driving  purposes 
a carefully  prepared  strobosa 
disk,  used  in  conjunction  will 
neon  lamp,  allows  accurate  1 
quency  determination.  The  out 
of  the  apparatus  is  0.5  mv  in 
range  i~4  cps  and  owing  to  the  i 
output  it  was  found  necessary 
screen  the  driving  motor 
Mumetal. 
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Conversion  from  Series  to  Parallel  Impedance 

By  Gersbon  J.  Wheelbb 


Impedance  measurements  made  on 
r-f  bridges  are  usually  determined 
in  series  form  R zSzjX,  but  in  many 
applications,  it  is  desirable  to  know 
. the  equivalent  parallel  impedance; 
that  is,  that  value  of  resistance  and 
reactance  in  parallel  which  will 
have  an  impedance  equivalent  to 
that  measured  on  the  bridge.  The 
accompanying  graph  presents  a 
quick  method  for  determining  the 
equivalent  parallel  resistance  R, 
and  reactance  X,  when  the  series 
resistance  R.  and  reactance  X.  are 
known. 

To  determine  the  value  of  paral- 
lel resistance,  enter  the  value  of 


series  resistance  on  the  horizontal 
axis  and  the  value  of  series  react- 
ance on  the  vertical  axis.  The  num- 
ber at  the  right-hand  end  of  the  arc 
at  which  these  coordinates  intersect 
is  the  value  of  the  parallel  resis- 
tance. 

To  determine  the  value  of  paral- 
lel reactance,  enter  the  value  of 
series  reactance  on  the  horizontal 
axis  and  the  value  of  series  resis- 
tance on  the  vertical  axis.  The  arc 
now  indicates  parallel  reactance. 

The  arc  indicates  the  parallel 
value  of  whichever  series  compon- 
ent was  entered  on  the  horizontal 
axis.  The  units  may  be  ohms,  tens 


Graph  let  converting  resistive  and  reactive  series-impedance  components  into 
equivalent  parallel-impedance  elements  is  constructed  from  circles  the  locus  oi  whose 
centers  are  on  the  horisontal  axis  of  a rectangular  coordinate  system 
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The  unique  characteristics  of  these  Ohmite 
units  have  made  them  especially  suitable  for 
many  r.f.  applications.  Proved  by  use  before 
war  came  . . . they  are  performing  vital 
functions  today  in  the  production  and  oper- 
ation of  critical  equipment.  Tomorrow— 
they  will  be  more  popular  than  ever! 

GLASS-SEALED  NON-INDUCTIVE  DUMMY 
ANTENNA  RESISTORS— for  testing  and  measuring 
power  output  accurately.  100-watt  and  2 50-watt 
sizes  in  variety  of  resistances. 

R F PLATE  CHOKES— single-layer  wound  on  low 
power  factor  steatite  cores,  with  moisture-proof 
coating.  Built  to  carry  1000  M.A.  5 stock  sizes  from 
2l/z  meters  to  160  meters. 

PARASITIC  SUPPRESSOR— small,  light,  compact 
non-inductive  resistor  and  choke,  designed  to 
prevent  u.h.f.  parasitic  oscillations. 
non-inductive  vitreous  enameled  power-size 
RESISTORS-Useful  in  wide  variety  of  radio 

.nolirmions.  50-watt.  100-watt  and 


TAP  SWITCHES 


RESISTORS 
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KWIKHCAT’S 

BUILT-IN 

thermostat 


across  terminals  D an 
tive  voltage  across  tei 
F-  Tubes  V , and  V 
nected  that  the  potent 
between  the  cathode  c 
minal  B will  remain  , 
value  determined  by 
plied  between  termini 
By  a suitable  choice 
output  voltage  betweei 
and  F may  be  made 
other  desired  fraction 
ply  voltage. 

This  arrangement 
limitations  in  that, 
across  terminals  D a 
creased  substantially, 


ONLY  90  SECONDS 

* maintains  proper  heat 

CANT  OVERHEAT 

* itss  retinning  needed  - kQ 

* TIPS  UST  LONGER 

* COOL,  SAFE  HANDLE  The  Kw!kheaf  Soldering  Iron 

* EIGHT  WEIGHT  h0S  °mp,e  reserve  Power  for 

your  sobering  [obs— 225  wafts 

WffWu  m 10  Check  by  ° »hermostat 
Wf/W  . * "l9ht  '*nt°  ,he  ,ron* — main* 

JfcW  f°,nm9  'deal  femPerafure  for  perfect 
MWWl  S°.d|ermg  — P^nHng  overheating 
w/W Irons)  T**’  de,enoraf'on  in  other 

#/#na, ° a ,rPr°  T9'"9  1,76  °f  Hps  and  elimi- 

M WZes  ,h  f°r  C°nSfant  inning.  Be- 

W Wts  hot  T 9 advan,a9es»  the  Kwikheaf  Iron 

M^Jnaln  7*'  *°  °"'y  ?°  Seco"d*  ^ P««g" 

balanced  and  has  'l9hf  (14  ouncesl-  well- 
fW  Kwikheaf  J,#0  S J°  ° *'  C°°'  h°"d,e-  N°  wonde r 

.obber.  wth  chr:^hnrit!sr-Askyour 

m 6 INTERCHamc,  ,2,°r3  t,ps-  STT-OO 

¥ ft  . flCHAnNGEAB*-E  TIP  $ t y ip  c 
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FIG.  1 — Simpliilad  circuit  i 
application!  where  loads  a 
and  euentiaily  com 

at  E will  tend  to  rise;  thi 
resisted  by  an  increase  ii 
to  cathode  resistance  of 
pensation  can  continue  o 
cut-off  point  of  7*  On 
I hand,  if  the  load  across 
E and  F increases,  the  vol 
can  be  maintained  only  i 
point  at  which  V,  begin 
urate. 

If  large  variations  of 
rent  are  likely  to  be  eno 


thermostatic  soldering/! 

Sound  ruin' a Division  ,|  KIN6  II 

San  Fernando  Rd.  Glendale  4,  Calif. 
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your  die  making 

SAVE  MONEY  TOO 


WRITE  FOR 
ENGINEERING 
DATA  FOLDER 

It  contains  a blue-print  show- 
ing thirty-five  standard  sections 
available  for  quick  shipment, 
from  combinations  of  which 
thousands  of  die  shapes  can  be 
made.  It  also  contains  prices, 
wcight  tables  and  shows  rib- 
reinforced  extra  high  sections 
with  full  instructions  for  order- 
•ng.  Get  your  copy.  Write  for 
it  today. 

Address  Dept  E-35 


FCC  Composite  Die  Sections  are 
quickly  available  to  your  order. 
Shipment  to  your  specifications  can 
usually  be  made  in  five  to  ten  days. 

On  large  dies  or  small  for  blank- 
ing, beading  or  trimming,  these 
prefabricated  die  parts  save  steel, 
and  a vast  amount  of  time  and 
trouble  in  the  die  shop. 

They  are  made  of  fine  tool  steel 
cutting  edges  in  a selection  of 
grades,  electrically  butt  welded  by 
a special  process  to  non-hardenable 
mild  steel  bases.  Accurate  tempera- 
ture control  assures  uniformity  of 
behavior  in  heat  treatment. 


Further  information  is  available 
from  any  Allegheny  Ludlum  field 
representative,  or  write  us  direct 
for  engineering  data  (see  details 
at  left). 


AMeqheny  Cud/unt 

STEEL  CORPORATION 

Forging  and  Casting  Division 
DETROIT  20,  MICHIGAN 
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The  lid’s”  Off 

Wiih  governmeni  restriclions  lifted  and 
essenhcri  materiak  again  available.  The 
Asiaixe  Coiporaiion  is  back  on  peacetime 
production  . . . better  located,  better 
equipped  and  better  manned  lhan  ever 
a grandiob.  The  lid  is  off! 
Aslattc  Microphones,  Phonograph  Pick- 

M?-*  Cartridges,  long  reslrict- 
to  military  requirements,  are  now  go- 

^h°“danUfaCiUrerS  °f  radio'  phono- 
gr  ph  cmd  sound  equipment,  as  well  as 

temn^f01,01111618'  f°r  dviliaa  use.  The 
^ ®f  produc«on  is  being  stepped  up 
££  °rd?ra'  *■*  held  in  abeyance. « 
being  idled  rapidly  as  possible  in  the 
order  in  which  ihey  were  received. 


'You’ll  HEAR  MORE  fnm 
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1^^  Corporation 
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— — , m rig.  •> 

ferred.  The  plate-ton 
anee  of  V,  appear  ac 
E Md  F.  With  th 

coupled  to  the  plate  0i 

to-cathode  resistance' 
varied  in  the  opposite 
of  the  plate-to-cathodi 
P«,  permitting  greats 
loads  before  the  chai 
begin  to  limit  re? 


Square- Wave  Mod 
Signal  Generator 

Design  details  and 
hints  on  apparatus  foi 
lating  the  output  of 
quency  standard  sign 
are  described  in  an  art 
Piggott  in  Wireless  En 
set  House,  Stamford 
S.  E.  1)  for  March  19 
The  equipment  const 
tralized,  push-pull,  cathi 
electronic  switch  used  i 
tor,  and  a simple  puli 
which  may  be  driven  by 
the  a-c  line  or  by  the  c 
audio  oscillator.  The 
shown  in  Pig.  1,  and  th. 


FIG.  1 — Pub-poll  ca&ods-lol 
colt  oud  lo  impress  pubs  i 
oa  output  of  hiob-freqs«< 

qammtct 

erator,  shown  in  Fig.  2, 
signed  to  operate  as  a uni 
common  power  supply. 

Application  of  the  push-f 
ode-follower  offera  several 
advantages  as  a modu 
output  impedance, 
unity  stage  gain,  and  in.-, 
of  changes  in  tube  apersH 
ditions.  High-frequency  cu 
fed  to  the  grids  of  the  b 
tubes  through  the  input 
former.  The  tubes  are  bu 

Ocfabtr  IMS— l 


Digitize 


This  recent  graduate  of  the  Formica  war-expanded  laboratories  has  passed 
the  following  tests  and  is  qualified  for  employment  in  many  old  and  new 
applications. 

It  is  made  with  melamine  resins  and  glass  fibre  base  and  conforms  to  Navy 
Grade  GMG. 
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It  withstands  440  degrees  F for  a short  period,  and  390  degrees  continuously. 

Its  arc  resistance  reaches  a new  level — by  ASTM  test  D 495-42  it  is  rated  at 
185  seconds. 

It  is  so  strong  it  can  take  structural  stresses  when  desirable.  Test  figures:  Ten- 
sile strength  25,000  P.S.L;  Compressive  strength  (flatwise)  90,000  P.S.I.;  Modulus 
of  Elasticity  in  bending  3,000,000  P.S.I.;  Izod  impact,  12  ft.  lbs.  per  inch  of  notch. 


Here  is  a new  combination  of  desirable  properties  not  previously 
available  in  one  material.  Unlike  various  materials  which  possess 
some  of  these  characteristics,  FF-55  can  be  easily  punched  and 
machined.  It  is  superior  for  rapid  fabrication  by  production  methods. 


E FORMICA  INSULATION  COMPANY,  4661  SPRING  GROVE  AVENUE,  CINCINNATI  32,  OHIO 
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Speed  Your  Production  With  This 
Money-Saving  Automatic  Inspector 


ROTOBRIDGE 


Checks  a Circuit  a Second! 


Instantaneous  and  accurate,  the  Rotobridge  functions  with 
robot-like  fidelity  in  checking  wiring  errors,  resistance  and 
reactance  values. 

Designed  for  continuous  24-hour  duty,  the  Rotobridge  does 
yoyr  bidding  exactly.  Do  you  wish  a 10%  resistance  toler- 
ance at  one  point?  A 25%  capacity  tolerance  at  another 
spot?  The  Rotobridge  gives  it  to  you— automatically  and 
accurately. 

An  error  detected?  The  Rotobridge  stops  cold,  flashes  on  a 
red  blinking  signal,  which  winks  insistently  until  the  defect 
is  attended  to. 

The  Rotobridge  can  be  put  to  work  on  several  small  sub- 
assemblies  or  on  a complete  set,  involving  as  many  as  120 
circuits.  Want  to  inspect  a 30  or  40  tube  set-up?  Two  or 
three  of  these  robots,  working  simultaneously,  will  do  the 
trick  ...  in  five  minutes  flat! 

Write  lor  complete  details. 

Communication  Measurements  Laboratory 

120  Greenwich  Street  • New  York  6,  N.  Y. 
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SQUARE-WAVE  MODUla! 


cutoff,  and  any  sijfi 
the  output  terminal 
age  through  the  | 
capacitances  of 
leakage  is  balancei 
back  small  out-of 
from  the  cathodes 
tors  C,  and  C*  In 
loads  are  used  to 
quency  modulation 
and  the  resistive 
shock  excitation  of  t 
Feeding  a square 
pulse  from  the  puls< 
the  grids  of  the  im 
reduces  the  effectives 
these  tubes,  per 


* I i 

R,  KXVMO  ± 3 


FIG.  2 — Pulse-generator  c 
square  ware  ol  vana 

audio-frequency  sin* 


tion  of  the  r-f  signal  ti 
Square-wave,  positivi 
obtained  from  the  circJ 
when  sine-wave  a-c  is  f 
a-c  line  or  an  audio-frei 
lator,  to  the  input  tran 
through  the  phase-shif 
to  the  control  grid  an* 
grid  of  Vt.  The  pub 
rate  is  determined 
quency  of  the  applied 
pulse  length  by  the 
ence  in  the  voltages  a 
two  grids.  When  the 
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FIG.  J— Graphic 
tog  developing*  ol  W 
vector  euai  ol  voltov*  ' 
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SQUARE-WAVE  MODULATOR 


• • • 

Permeability  of  Iron  t 
Radio  Frequencies 

Magnetic  permeability  o 
diameter  iron  wires  was  m 
at  low  field  intensities  in  a 
ing  fields  of  from  54  to  1150 
wavelength  by  Alva  W.  Smitl 
Dickey,  and  S.  W.  Foor  w 
Ohio  State  University.  The  i 
reported  in  the  Jour.  App. 
for  Jan.  1945,  indicate  that 
ent  permeability  decreases  w. 
crease  in  wavelength  and  in 
in  wire  size. 

Permeability  Meaturemnt 

The  measurements  were  nu 
obtain  data  for  design  of  iron- 
coils  and  to  enlarge  our  unders 
ing  of  magnetism.  For  experi 
tal  measurement,  iron  wires 
used  because  of  their  simple  g 
etry  from  which  eddy  currenl 
fects  can  be  evaluated. 

Several  methods  of  magnei 
tion  have  been  used  for  such  m 
u remen ts,  as  well  as  different  n< 
of  inductance  measurement  Loi 
tudinal  magnetization  has  h 
used  in  connection  with  meast 


...  Adjustment  of 

5!  Pr0duce  8 , 

voltage  applied  to  the 
f"*?'  and  plate  currer 

during  a part  of  the  cK 
graphically  in  Fig  3 y 
veloped  in  the  plate  cire 
amplified  and  squared 
pearing  at  the  output  h 
the  pulse  generator  in 
shown  in  Fig.  3(c).  Th. 
Pulse  width  available 
given  input  voltage  is  im 
portional  to  frequency,  th 
cuit  producing  a 10  ^ec 
50  cps,  will  produce  a 0 1 
from  5000  cps. 

Careful  attention  to  at 
components  and  units,  an 
ing  and  orientation  of  c< 
is  necessary  to  obtain 
stable  and  consistent  oper 
The  device  has  many  ap 
in  pulse  field-strength 
ments,  and  measurement 
transient  behavior  of  trai 
lines,  antenna  systems  and 
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There  is  no  substitute  for  engineering.Tiaf  . 

ognzed  engineering  talent  . . . PLUS  exclusive  equipment, 
careful  materials  control,  and  exacting  inspection  . . . . 
explain  PLASTIC’S  amazing  achievements  m the  design 
and  production  of  thermoplastic  insulated  wire  and  cable. 
This  engineering  ’’know  how"  is  at  your  command  . . • • 
for  today’s  planning  or  tomorrows  P^.duc'on,Wfte^ 
complete  information  and  samples  engineered  to  J your 
particular  requirements.  Remember  . . when  you  re  thinking 
of  PLASTIC  you’re  thinking  of  US! 
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RANGE 

1/100  to  2 HP. — A.C. 

1/100  to  1 HP.— D.C. 
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“ usual  voltages  and  JJ.* 
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PERMEABILITY 


mente  of  the  change  in  indBj 
f the  magnetizing  coil  res 

from  introduction  of  the  J 
Circular  magnetization  J 
used  with  wavelength  measure, 
e electro-magnetic  wav, 

Lecher  wires  made  from  the 
Pie,  or  with  measurement*  o! 
change  in  radio-frequency  j 
tance  of  the  specimen  as  J 

mined  from  bridge  or  resonant 
servations— depending  upon 
frequency  range  to  be  covered 
There  are  three  high-frequ 
permeabilities  recognized  in  thl 
erature.  From  the  change-  in] 
tance  method  there  comes  p,  q 
lated  by  skin-effect  formulas.] 
circular  and  longitudinal  magi 
zation  there  is  pL  calculated  j 
inner  self-inductance  formula^ 
both  cases  it  is  necessary  to  coil 
for  the  non-uniformity  of  ra 
flux  distribution  within  the  sp 
men. 

By  correcting  for  eddy-cur* 
effects  in  the  pL  permeability, 
apparent  permeability  p is  obtain 
The  permeabilities  presented 
this  paper  are  apparent 

Measurement  Circuit 


Permeability  was  determin 
from  change  in  inductance  of 
specimen  coil  in  an  oscillath 
circuit.  Inductance  changes  we 
calculated  from  changes  in  caps! 
tance  necessary  to  restore  tl 
oscillating  frequency  to  its  initij 
condition  after  the  specimen  w, 
inserted  in  the  coil-  Frequency  w| 
measured  by  double  heterodyning 
first  by  a fixed  radio-frequency  « 
cillator  to  an  audio  frequency,  am 
then  by  a fixed  audio-frequency  os 
cillator  to  a second-order  audit 
beat.  When  the  two  radio-frequencj 
oscillators  were  at  the  same  fre 
quency,  there  was  no  seeond-ordei 
beat 

Figure  1 shows  the  essential  fea- 
tures of  the  apparatus.  A General 
Radio  wavemeter  was  used  to  de- 
termine the  operating  frequency 
The  two  tank  coils  L,  and  L,  in  the 
specimen  oscillator  were  mapetic 
ally  and  electrostatically  shielded, 
and  the  specimen  coil  L,  was  electro 
statically  shielded  from  the  speci- 
men which  was  inserted  axial  \ 
Lx  was  wound  to  form  a coil  abou. 
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Industrial  Condenser 
Corporation’s 

NEW  HOME 
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16  cm  long  to  assure  a 
into  which  the  speci 
verted.  L,  was  a p|ug 
I terchangeable  for  char 
quency  bands. 

The  series-parallel  ( 
°f  the  tank  capacitors  ii 
accuracy  of  measurem 
quiring  a large  change 
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THE  WORLD’S  MOST 
MODERN  CONDENSER  PLANT 

with  these  outstanding  features 

* I;0!0,000  V0LT  ^search  laboratory 

★ VERY  LATEST  PRODUCTION  EQUIPMENT 
★SPECIALIZED  WAR-LEARNED  TECHNIQUES 

From  this  rrnw  ultra-modern  (ac,ory  come  capodtore 

carefully  engineered  and  accurately  produced.  Staffed 

b?  Ski"ed  en9ta” rs  °»d  Sacked  by  16  years  of 
techntcal  prepress,  Industrial  Condenser  Corp.  is  sup. 

plying  capacilors  fa,  every  application.  If  your  speci- 
fications  call  for  Electrolytic.  Paper.  Oil.  or  Motor 
capacitors,  look  ,0  Indus, rial  ^ „ 


INDUSTRIAL  condenser 

CORPORATION 

3243  65  NORTdH  CAUFORNIA  AV£NUE,  CHICAGO  ,S.  U S A 

0'«»T-Cf  Offices  in  Principal  C Hie 


WE«,  OIL  AND  ELECTROLYTIC  MOTOR 


CAPACITORS 


Fig.  1 — Test  circuit  for  measurem* 
permeability  of  iron  wire  at  I 
frequencies 

to  produce  a small  change  in  d 
tive  tank  capacitance.  The 
pacitors  C-,  and  Cn  were 
Radio  precision  capacitors 
which  the  other  capacitors  J 
calibrated.  Mercury  switch  5 9 
ated  by  the  same  pulley  system  £ 
moved  the  specimen  in  and  OSP 
L-,  switched  one  or  the  other® 
sion  capacitor  into  the  circuit  * 
difference  in  capacitance  bM 
Cn  and  Cm  when  operation  of  t 
specimen-switch  system  F 
no  frequency  change,  is  ind* 
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Designed  for  post  war  use  in  the  finest  radio-phono  comtihatL.^  ,r-T 
outstanding  development  in  a long  list  of  Webster  achievements  tnettew'- 
Webster  Record  Changer  has  more  than  passed  rigid  operating  tests  in 
the  laboratory  and  field.  In  addition— it  has  been  adapted  to  the  needs  of 
the  armed  services  where  it  is  now  giving  brilliant  performance  under  the 
most  exacting  conditions.  This,  of  course,  is  important  to  you— but  equally 
important  to  you  and  your  dealers  are  the  many  new  features  it  possesses. 

THESE  FEATURES  WILL  WIN  DEALER  AND  PUBLIC  ACCLAIM 


jjtl 

i* 


V Changes  all  standard  10  or  12  inch  records;  no  chipping  of  record  edge. 

V Positive  and  fast  change  cycle — less  time  between  records;  automatic  stop  at 
end  of  play  of  last  record. 

V Light  needle  pressure.  Freedom  from  noise  and  rumble — improved  motor  and 
drive — velocity  trip. 

V Highly  styled;  clean,  beautiful  lines. 

\>  Compact — uses  minimum  space;  ingen- 
ious mounting  means. 

V Many  other  important  advantages. 

V New  post  war  design. 
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HANOVIA 

HERMETICALLY  SEALED 

R.  F.  CHOKES 
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AVAILABLE  IN  ABOVE  TWO  FORMS 
RATED  AT  125  M.A.  FOR  ALL  SIZES 

Complete  information  on  these  and 
other  Hanovia  Chokes  on  request. 

HANOVIA 

CHEMICAL  & MANUFACTURING  CO. 

Industrial  Division 

Dept.  E-16  Newark  5,  N.  J. 


PERMEABILITY 

of  the  reflected  inductance  of  the 
sample. 

A Western  Electric  vacuum  ther- 
mocouple and  galvanometer  were 
used  to  observe  that  the  current  ia 
the  specimen  coil  remained  con- 
stant at  a known  value.  Current 
weis  controlled  by  the  screen-grid 
voltage.  The  d-c  component  of  the 
grid  current  produced  negligible 
magnetic  effect. 

The  chemically  pure  iron-wire 
specimens  were  enclosed  in  indi- 
vidual sealed  glass  capillary  tubes. 
Groups  of  from  one  to  twenty  wires 
enclosed  in  a larger  tube  consti- 
tuted a test  sample.  The  test  sam- 
ples were  carried  to  the  same  posi- 
tion in  the  coil  at  each  insertion. 

Results  and  Conclusions 

Logarithmic  plots  of  permeabil- 
ity against  wire  diameters  indicate 
that  permeability  n varies  inversely 
as  the  0.9  power  of  the  diameter. 
Although  measurements  were  made 


Flo.  Z — P.nn  .ability  as  a function  of 
wavol.ngth  lor  sovoral  sites  of  Iron 
wire 


at  low  flux  densities  where  perme-  1 
ability  is  assumed  to  be  constant, 
the  data  seemed  to  indicate  an  in-  i 
crease  in  n with  increasing  B. 

The  decrease  in  permeability 
with  decrease  in  wavelength  and 
increase  in  wire  diameter  indicated 
in  Pig.  2 is  caused  by  the  reduction 
in  flux  produced  by  eddy  currents 
flowing  in  the  cross  section  of  the 
wire.  These  eddy  currents  produce 
a counter  mmf  that  increases  with 
wire  diameter  and  conductivity  and 
decreases  with  wavelength. 

• • • 

Universal  Electronic  Indies- 
tor  for  Aircraft 
With  the  labge-scalb  development 
of  commercial  aviation  just  around 
the  comer,  consideration  is  being 
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All  over  the  world. . . from  the  mud-  to  earth”,  day  and  night,  through  the 

caked  European  fields  to  sun-baked  air-  toughest  kinds  of  flying  weather, 
strips  in  southern  Burma  . . . Federal  This  is  the  instrument  landing  equipment 

Instrument  Landing  Systems  are  “bringing  that  Federal  developed  over  more  than  ten 

’em  in”.  . . on  the  beam.  years  of  intensive  research  . . . and  which 

has  set  the  standard  for  aerial  navigation 
Bombers,  pursuit  ships,  night-fighters,  equipment  in  all  parts  of  the  world, 
transports... American, Canadian, British,  por  the  coming  “age  of  the  air”.  ..  see 
Russian  . . . ships  wearing  all  the  colors  of  Federal  first  for  the  finest  in  aerial-navi- 
the  Allies  . . . coming  in  on  this  “pathway  gation  and  communications  equipment. 
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Webster  Electric  Pickups 
ore  Precision-Built  for 


No  radio-phonograph  combination  is  better  than  its  pickup — 
and  no  pickup  ever  built  is  better  than  the  modern  Webster 
Electric  Pickup.  That  simple  fact  has  led  more  and  more 
manufacturers  of  fine  quality  instruments  to  standardize  on 
crystal  pickups  and  cartridges  bearing  the  authentic  Webster 
Electric  name. 

Webster  Electric  Pickups  . . . delicate,  sensitive,  responsive  to 
every  tone  shading  and  color  range  . . . are  designed  and 
built  by  an  organization  possessing  vast  experience  in  sound 
engineering  and  the  manufacture  of  sound  equipment.  We 
are  making  every  effort  to  supply  the  ever-increasing  demand 
for  Webster  Electric  Pickups  and  Cartridges  as  rapidly  as 
possible. 

We  suggest  that  you  permit  us  to  consult  with  you  with  a view 
to  determine  the  best  application  of  our  products  as  integral 
parts  of  your  present  or  planned  models.  Write  us  direct — 
today. 

L*t'«  All  Back  th*  Attack 
Buy  Extra  War  Bonds 

WE  B ST 

KaelM,  Wimaiis,  O.S.A.  • Established  HOI  • tipert  Dspt : 13  t.  40th  Strati.  York  (IS).  S.  Y..  Ctbla  Addrass  "APIAB"  New  York  City 


" Where  Quality  is  a Responsibility  and  Fair  Dealing  an  Obligation ” 


( l.ie  * used  under  patents  of  the  Brush 
Development  Company) 
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given  to  more  simplified  instrumen- 
tation in  aircraft.  Proposals  for  a 
single  indicator  for  presenting  in- 
strument readings  to  a pilot  is  de- 
scribed by  P.  Postlethwaite  in  Elec- 
tronic Engineering  (43-44  Shoe 
Lane,  London,  E.C.  4)  for  Novem- 
ber, 1944. 

The  author  takes  as  his  starting 
point,  the  screening  of  an  outline 
of  the  plane  on  a cathode-ray  tube.  | 
Below  the  tube  is  a gyro  mechanism 
and  an  artificial  horizon  bar  which 
is  arranged  to  move  between  the 
cover  glass  of  the  instrument  and 
the  screen  of  the  tube.  That  much 
is  mechanical. 

Surrounding  the  c-r  screen  is  s 
compass  scale,  while  in  front  are  a 
horizontal  scale  of  speed  and  two 
vertical  scales;  one  for  height  and 
the  other  for  rate  of  climb  or  de- 
scent. Presentation  of  the  various 
conditions  of  flight  is  made  in  the 
following  ways : 

Air  Speed.  The  measuring  mech- 
anism is  made  to  vary  the  gain  of 
the  c-r  tube  amplifiers  and  so  vary 
the  size  of  the  outline.  The  wing 
tip  acts  as  a pointer  to  read  against 
the  horizontal  scale  of  speed. 

Ground  Speed.  This  is  presented 
in  a similar  way,  using  a radio 
beam  in  conjunction  with  i>. ' Dop- 
pler effect. 

Climb  or  Descent.  The  indica- 
tions are  presented  by  a vertical  dis- 
placement of  the  outline,  i.e.,  the 
rate  of  climb  conditions  are  changed 
into  electrical  quantities  and  ap- 
plied as  bias  to  the  vertical  deflector 
plates  of  the  tube. 

Rank  and  Turn.  Rheostats  are 
connected  to  the  usual  instruments 
to  obtain  conversion  to  electrical 
quantities.  Deliberate  distortion  of 
the  outline  could  be  used  to  indicate 
over  or  under  banking.  One  way 
would  be  to  alter  the  bias  of  a pen- 
tode tube  and  so  cause  the  wings  o 
the  outline  to  become  of  unequal 
length. 

Landing.  The  position  of  tne 
outline  relative  to  the  screen  could 
be  equal  to  the  position  of  the  r 
plane  relative  to  a Lorenz-type 

beam.  . 

Height.  A radio  altimeter,  work- 
ing on  the  reflection  prin«P“j 
would  enable  a spot  to  be  exhibi 
at  the  correct  point  of  the  heig 
scale. 

Compass  Bearing.  This  is  shown 
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FOR  SPECIFIC  APPLICATIONS 


High  Quality 
Materials  . . . 

For  the  past  six  months 

Radiart  Vibrators  have 
been  equal  or  superior 
to  pre-war  vibrators  in 
quality  and  perform- 
ance. 

Our  engineers  will  be 
glad  to  co-operate  with 
you  in  the  development 
of  the  proper  Radiart 
Vibrator  for  your  spe- 
cific needs. 


Physical  Characteristics 


Since  each  RADIART  VIBRATOR  is  individually  engineered  all 
additional  attachments  for  electrical  grounding  or  for  holding 
the  vibrator  in  the  socket  are  eliminated. 

Electrical  Characteristics 

RADIART  VIBRATORS  are  engineered  for  the  individual  require- 
ments of  each  circuit  application,  taking  into  consideration  every 
operating  essential  such  as  frequency,  current  carrying  capacity, 
points  and  reads  properly  tuned  for  transformer-buffer  circuit 
requirements. 

ob^ained^any  of  thOT«r|^racterirfto*wT^com^om!!^  ^^°tl^iM^e^^librator 

type  simplification.  , , . . , . 

RADIART  VIBRATORS  assure  minimum  R.  F.  interference,  low  level  of  mecham- 
cal  noise  and  starting  under  adverse  battery  conditions. 

Manufactured  by  makers  of  fan,au,  K4DI4RT  lust  Proof  4er,„.s. 

Radiart  Corporation 


3571  W.  62nd  STREET 

Export  Division 

25  Warren  St..  New  York  7.  N.Y. 


CLEVELAND  2,  OHIO 

Canadian  Office 

455  Craig  Sc..  W.,  Montreal,  Canadi 
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HIGHLY  ACCURATE,  STABLE  VT  VOLTMETER 


features  WAR  RESTRICTED 
DEVELOPMENTS! 

TELEVISO,  pioneering  in  the  production  of  measuring  apparatus  for  the  SONIC  to 
UHF  SPECTRUM,  has  specialized  in  building  dependable  Vacuum  Tube  Voitmetera. 

A necessity  wherever  dependable  voltage  measurements  within  the  range  of  7 cps  to 
500  megacycles  are  required— the  Televiso  Series  200A  VT  Voltmeter  it  highly 
accurate  and  stable.  IMPORTANT  WAR  TIME  DEVELOPMENTS  ARE  AVAIL- 
ABLE FOR  THE  FIRST  TIME  IN  THE  FOLLOWING  FEATURES:— 

SUPERSENSITIVE  RANGE — the  lowest  readable  voltage  is  .05  volts  on  a maximum 
scale  range  of  .5  volt. 

FIVE  VOLTAGE  RANGES— .5.  2,  15,  50,  150— spread  full  scale  on  a 4*4'  meter 
dial  for  easy  reading.  Accuracy  of  readings  are  2%  full  scale;  middle  scale  accu- 
racy it  5%  or  better. 

PROBE  CONSTRUCTION — detachable  probe  to  eliminate  cable  wear;  easily  dis- 
mantled for  tube  replacement  or  for  soldering  to  tube  terminals  for  measurements  in 
the  250-500  MC  region;  flat  Vj"  wide  brass  terminals  connect  to  input  to  make  easy 
soldering  to  test  or  work  piece;  for  low  frequency  work  up  to  100  MC,  removable 
banana  plugs  are  spaced  %"  center  to  center  for  use  with  standard  lacks. 

MECHANICAL  CONSTRUCTION — of  aluminum  throughout;  panel  and  cabinet 
are  54'  thick  (cabinet  it  dural.) ; sub-chassis  is  54'  and  spaced  off  the  panel  by  stubs 
to  simplify  servicing;  all  components  are  fastened  to  sub-chassis. 

ELECTRICAL  CONSTRUCTION  AND  CIRCUIT— Series  2 00 A utilizes  the  finest 
components  throughout  and  carries  a two  year  guarantee.  The  circuit  is  a stable 
plate  circuit  rectifier.  No  diode  input  tube  is  used.  The  plate  circuit  rectifier  type 
makes  available  higher  input  impedance  at  ail  frequencies.  No  shortening  of  input 
probe  is  required  for  zero  adjustments.  AH  zero  adjustments  are  made  once  and 
remain  constant.  A panel  adjuster  is  available  to  make  the  unit  usuable  without  heat- 
ing up  time.  Ail  filament  and  plate  voltages  are  transformer  and  tube  regulated. 

BUILT-IN  CALIBRATION  VOLTAGE— All  units  have  a jack  which  produces  a 
constant  6.3  volts  for  standardizing.  This  is  the  regulated  filament  voltage.  Tbe 
sensitivity  can  be  adjusted  without  tools  in  tbe  event  tubes  are  replaced  in  the  field. 

Tbe  Series  20OA  will  operate  satisfactorily  from  any  source  of  voltage  from  95  to 
130  volts  ac.  Line  voltage  surges  are  not  observable  during  use. 

SIZE — M"H  x 9'/z"W  x 7Vi”D.  Guaranteed  2 years.  Price  $170.00  F.O.B.  Chicago. 


7466  IRVINS  PARK  ROAD 


CHICAGO  34,  ILLINOIS 
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Watkingtcn,  D-  C. 
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IjfCREDIBLE 


The  Case  of  the  Flying 


the  storm  season  of  1942,  The  Fly - 
Gull  ran  into  heavy  seas  in  the  Gulf 
Running  before  a terrific  wind, 
all  but  made  port.  Then,  just  as  she 
putting  about  near  Hunter’s  Point,  she 
a gigantic  wave  and  foundered, 
were  saved.  But  The  Flying  Gull 
in  eight  fathoms  of  Gulf  water. 
Salvage  operations  were  started.  Later  in 
when  The  Flying  Gull  was  in  the 
and  her  electrical  equipment  ripped 
an  amazing  thing  occurred.  George 
^°n8.  of  The  Harris  Salvage  and  Drydock 
Company  of  Galveston,  put  the  Therma- 

j 

r transformer  equipment  on  a shelf  in 
e sunshine— mentally  assigning  it  to  the 
Kmp  metal  drive.  Three  days  later,  out  of 
£ P108'^’  looked  the  transformers  onto 
jf; ; est^nK  bench  and  flipped  on  the  current. 

To  his  amazement,  they  still  showed  signs 
ft  of  life  jj  , 

' e then  ran  standard  tests.  To  his 
^pther  astonishment,  all  twelve  of  the 
nners  were  not  only  working— they 
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were  working  perfectly. 

Harvy  Stark,  owner  of  the  boat,  had 
already  ordered  a complete  newr  set  of 
transformers  from  Thermador.  He  can- 
celled the  re-order.  And  today  The  Flying 
Gull  sails  with  her  original  Thermador 
transformers.  Not  designed  for  the  briny 
deep— but  they  could  take  it! 

Such  stories  of  plus  performance  are  not 
accidents,  for  Thermador  transformers  are 


SALVAGE 

(jr  U 1 1 • • • 

built  to  perform  beyond  normal  expecta- 
tions. They  are  completely  manufactured— 
not  just  assembled— under  one  roof  on  a 
vast  array  of  modern  precision  equipment. 
They  are  made  only  from  the  finest  ma- 
terials, engineered  by  men  of  broad  expe- 
rience. The  result  is  not  alone  quality  but 
quality  in  quantity.  If  that  meets  your 
specifications,  better  discuss  transformers 
with  Thermador. 


THE  RMADOR 
TRANSFORMERS 

DEFEAT  HEAT  • COLD  • HUMIDITY 


* An  actual  cat,  bhtory  from  Thermador  fdes:  hour  eve,  names,  dates,  and  location 
' have  been  altered.  Buy  MORE  War  Bonds. 

THERMADOR  ELECTRICAL  MANUFACTURING  COMPANY 

■■  seven leagues  ahead"  5119  SOUTH  RIVERSIDE  DRIVE  • LOS  ANGELES  22.  CALIFORNIA 

291 


(continutJ 


it  is  folly  to  put  the  plow 
in  front  of  the  oxen  . . . 


. . . and  it  is  equally  bungling  to  use  a 
cheap  substitute  for  Macallen  Mica.  Not 
many  do,  but  every  once  in  a while  some- 
body has  to  learn  from  experience  that 
trifling  with  insulation  can  be  a disastrous 
experiment.  The  fact  of  dependability  in 
Macallen  Mica  has  been  known  to  experts 
for  more  than  50  years. 


When  you  think  of  MICA  think  of  MACALLEN 


■ w 

Wtim 


the  Macallen  Company 

is  MACALLEN  STREET  - BOSTON  27 

CHICAGO!  555  W.  **Mhln*«<m  *lvd.  CLEVELAND)  LOOS  Leader  Bld«. 


ELECTRONICS  IN  AVIATION 
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remains  for  some  is  to  be  put  inti 
commercial  form. 

Obstacle  Indicator 


Increased  flying  speeds  requin 
a warning  to  the  pilot  of  obstruo 
tions  such  as  mountains,  building 
(This  paper  was  prepared  prior  t 
the  Empire  State  Building  dis 
aster. — Ed.  note)  or  other  aircraft 
Such  equipment  should  take  advan- 
tage of  transmitters  on  the  obstacle 
or  other  aircraft.  A cone  of  ±15 
degrees  from  the  plane’s  center  line 
should  be  scanned  continuously, 
and  it  should  be  possible  to  explore 
a wider  angle  at  will.  The  instru- 
ment should  give  indications  of  dis- 
tance, position,  elevation  relative 
to  the  plane,  and  sight  or  souni 
alarm  if  the  aircraft  comes  within 
a preset  distance  of  the  obstacle. 

The  obstacle  indicator  should 
have  a range  of  approximatel] 
twenty  miles  (at  current  transpor 
flying  speeds  this  range  allows  oni; 
four  minutes  for  avoiding  obstruc 
tions).  Its  weight  should  be  hel  Ij' 
within  BO  pounds,  90  pounds  if  thi  111 
instrument  also  serves  as  radio  al 
timeter.  Ground  beacons  could  b 
used  to  reduce  the  weight  an 
power  of  aircraft  installations. 


Radio  Altimeter 

Preferably  operating  in  con 

junction  with  the  obstacle  indicatoi 

the  radio  altimeter  should  have  l 
vertical  range  of  40,000  feet,  t 
elevation  being  indicated  on  lo* 
and  high  altitude  scales.  Its  ac- 
curacy should  be  within  three  per  ] 
cent  and  its  stability  within  30  fe« 
over  a 15  minute  period. . e 
should  be  a button  for  service  e. 
indications.  The  altimeter  in  >ca 
tion  might  well  be  combined 
the  indication  of  a ranging  >ns 


ment.  , ,h_ 

One  important  application  ot  w 
radio  altimeter  is  in  isobar  W'1^ 
Instead  of  flying  the  most  di 
course,  transports  fly  on  long 
with  the  motion  of  the  air  ma  ■ 
thus  flying  the  course  giving 
shortest  flight  time. 

In  addition  to  weather  rev  - 
indicating the  positions  o 
pressure  areas  which  rota  e c 
wise  and  low  pressure  _ 

which  rotate  counter-clockwise 
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u CAN  TAKE  THE  SAME 


G* 1 


IT  CAN  YOU  PITCH  LIKE  A CHAMP? 


There  is  more  to  throwing  curves  than 
holding  a ball  a certain  way— 

And  there  is  more  to  producing  top- 
performance  transformers  than  assem- 
blingcoils,  cores,  etc.  in  an  enclosing  case. 

Correa  use  of  engineering— years  of 
experience— control  of  quality  and  man- 
ufacture in  everyday  large  scale  produc- 
tion—and  the  selecdoaof  the  appropriate 
type  and  design  for  each  particular  re- 
quirement—are  all  essential  to  success- 
ful operation. 

The  hundreds  of  thousands  of  trans- 


formers regularly  produced— are  ample 
proof  that  leading  manufacturers  of  equip- 
ment in  electronic,  lighting,  radio  and 
similar  fields  prefer  Jefferson  Electric 
Transformers.  Recommendations  con- 
cerning transformers  made  by  the  Jeffer- 
son Electric  engineering  staff  can  save 
time  for  you— and  insure  the  performance 
you  desire.  JEFFERSON  ELECTRIC 
COMPANY,  Bellwood  (Suburb  of  Chi- 
cago), Illinois.  In  Canada:  Canadian 
Jefferson  Electric  Co.  Ltd.,  384  Pape  St., 
Toronto,  Ont. 


\ 
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^Follansbee  Electrical  Sheets  and  Strip  help 
minimize  production  problems  with  excellent  me- 
chanical properties  that  match  their  magnetic 
characteristics. 

In  standard  grades — or  special  high  silicons  to 
meet  specific  requirements — Follansbee  punching 
and  shearing  quality  reaches  the  ultimate  per- 
mitted by  the  silicon  content . . . width  and  gauge 
are  to  the  closest  tolerances . . . surface  finishes  and 
stacking  factors  meet  exacting  specifications. 

The  rigid  control  necessary  in  the  production  of 
high  quality  Silicon  Steels  coincides  perfectly  with 
the  practices  followed  by  Follansbee  through  gen- 
erations of  fine  steelmaking.  When  placing  your 
next  order  for  Electrical  Sheets  or  Strip — check 
with  Follansbee. 


FOLLANSBEE  STEEL  CORPORATION 

GENERAL  OFFICES  • PITTSBURGH  SO.  PA. 


Sales  Offices — New  York,  Philadelphia,  Rochester,  Cleve- 
land, Detroit,  Milwaukee.  Sales  Agents — Chicago,  India- 
napolis, St.  Louis,  Kansas  City,  Nashville,  Houston,  Los 
Angeles,  San  Francisco,  Seattle;  Toronto  and  Montreal. 
Canada.  Plants — Follansbee,  W.  Va.  and  Toronto,  Ohio 


ALLOY  BLOOMS  S BILLETS.  SHEETS  S STRIP  • COLD  ROLLED  CARBON 
SHEETS  S STRIP  • POLISHED  BLUE  SHEETS  • ELECTRICAL  SHEETS  S STRIP 
SEAMLESS  TERNE  ROLL  ROOFING 


ELECTRONICS  IN  AVIATION  (continued)  j 

which  the  navigator  can  chose  the 
course,  the  navigator  can  compare 
the  indications  of  the  radio  and 
barometric  altimeters  and  thus  ob- 
serve his  position  relative  to  high 
and  low  pressure  areas. 

Experience  with  radio  altimeters 
as  landing  instruments  has  indi- 
cated that  obstructions  on  the  path 
of  approach  to  the  runway,  while 
not  high  enough  to  interfere  with 
the  glide  path,  produce  excessive 
needle  flutter  in  the  altimeter. 

Automatic  Position  Reporting 

With  increased  aircraft  traffic  it 
is  necessary  to  have  available  con- 
tinuous data  on  plane  positions. 
There  is  need  for  automatic  equip- 
ment that  will  identify  and  give  al- 
titude, azimuth  and  range  of  all 
aircraft  within  the  control  area  and 
duplicate  this  information  to  all 
interested  parties.  It  would  be  ad- 
vantageous if  there  could  be  super- 
imposed on  the  indications  of  air- 
craft positions  the  locations  of  such 
navigational  hindrances  as  thun- 
derstorms. 

Written  Communications  to  Aircraft 

The  volume  of  information  re- 
quired in  airline  aircraft  necessi- 
tates a means  of  sending  written 
communications  to  aircraft,  either 
by  facsimile  or  radio  teletype.  Such 
an  installation  would  free  the  plane 
personnel  from  the  necessity  of  giv- 
ing their  attention  to  routine  mes- 
sages as  such  communications  were 
transmitted. 

The  aircraft  printer  should  be  of 
the  page  type  rather  than  of  the 
tape  type  to  eliminate  the  necessity 
of  scanning  for  information,  and 
should  not  weigh  in  excess  of  25 
pounds  exclusive  of  the  receiver. 
Paper  should  feed  freely  to  avoid 
jamming  during  unattended  per-  i 
iods.  There  should  be  several  se- 
lectable  channels,  but  transmission  | 
should  be  held  to  a narrow  band- 
width. A keyboard  and  transmitter 
aboard  the  plane  is  not  necessary, 
but  such  units  should  be  adaptable 
to  the  receiver-printer. 

Electrical  Power  on  Aircraft 

Equipment  should  operate  from 
the  normal  power  system  of  the 
plane.  At  the  present  most  airline 
and  private  aircraft  utilize  the 
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The 
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BALLENTINE 

RECORD 

CHANGER 

MOTOR 


The  Quiet  Ballentine  Changer  Motor 

has  these  four  characteristics  achieved  by  advanced 

design,  skilled  engineering  and  precision  manufacturing 

• Lowest  Rumble  • Highest  Efficiency 

• Most  Compact  Design  • Longest  Life 

The  Quiet  Ballentine  Changer  Motor  is  recommended 

to  record  changer  manufacturers  seeking  to  provide 
the  ultimate  in  performance. 


RUSSELL  ELECTRIC  CONIPANY 

364  WEST  HURON  STREET  • CHICAGO  10,  ILLINOIS 

BALLENTINE 

RECORD  CHANGER  MOTOR 
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Operation  of  remote  control 
flexible  shafts  must  be  smooth  and 
easy,  free  from  any  tendency  to 
'’jump”.  That's  why  the  greatest 
care  is  taken  in  winding  Walker- 
Turner  Remote  Control  Shafting 
— to  eliminate  "back-lash" — to 
hold  torsional  deflection  to  a mini- 
mum in  either  direction  of  rota- 
tion—to  keep  internal  friction  low. 

Result:  in  many  applications,  the 
same  sensitive  control  is  achieved 
with  Walker-Turner  Flexible  Shaft- 
ing as  with  a direct  connection. 
Whether  you  need  flexible  shaft- 
ing for  remote  control,  push-pull 
or  power  transmission,  you'll  find 
careful  design  and  manufacture, 
and  high  performance,  charac- 
teristic of  every  type  of  Walker- 
Turner  Flexible  Shafting.  Write 
today  for  our  latest  catalog. 


WALKER-TURNER  COMPANY,  INC. 

PLAINFIELD  NEW  JERSEY 
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FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSM  
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Medical  Probe 

By  Robert  E.  Rici 
In  (mm.  X.  Y 

In  the  medical  field  of  i 
there  is  a need  for  seven 
struments  the  develop 
which  need  no  longer  I 
capped  by  lack  of  the  desi 

oscillators,  transmitters, 
ceivers.  Work  was  begui 
such  instrument  prior  to 
The  instrument,  desig 
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T«ling  poper  lor  number  of  conducting  particles.  Other 
,esl>  determine  thickness,  porosity,  voltage  breakdown. 
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C-D  never  relaxes  in  its  determination  to  improve 
capacitor  design  and  to  develop  new  and  better 
, 'i* 4' materials  and  processes  of  manufacture.  The  C-D 
P-MematltJ  tj  genes  js  typical  of  improved  capacitor 
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engineering 

Where  a lot  of  capacitance  must  be  packed  into 
little  space,  there  is  no  better  capacitor  for  high 
voltage  filter  applications  than  the  C-D  Type  TJ 
containing  the  Dykanol  impregnant. 

Dykanol  “G”,  due  to  its  chemical  stability,  allows 
operation  at  higher  temperatures.  It  also  permits 
the  use  of  maximum  paper  thickness  for  a given 
size  container,  with  a high  factor  of  safety  due  to 
low  voltage  stress.  Insulation  resistance  is  five  or 
more  times  as  high  as  in  capacitors  using  organic 
oil  impregnants.  On  the  larger  sizes  of  the  Type  TJ 
series,  the  sturdy  porcelain  terminals  with- 
stand extremes  of  heat  and  cold  and  are  practi- 
cally unbreakable. 

Look  to  Cornell-Dubilier  for  the  extra  quality  and 
dependability  that  is  engineered  into  every  capaci 
tor  — the  result  of  C-D’s  35  years  of  capacitor 
specialization.  Cornell-Dubilier  Electric  Corpora- 
tion, South  Plainfield,  N.  J.  Other  plants  at  New 
Bedford,  Brookline,  Worcester,  Mass,  and  Provi- 
dence, R.  I. 


Comparative  size  of  capacitors 
for  same  voltage  stress  using 
*wo  types  of 


impregnants. 
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THE  "Know-How"  OF 

TRANSFORMERS 

. . , ITC  combines  years  of  e.perience  in  the  feU. 

with  leadership  in  rte  «••»*  ' . . . to 

type  of  transformer  for  every  °PP 

brin,  betfer  transformer,^  ^ ^ ^ 

...  The  trained,  skilled  eniji  with  your 

TRANSFORMERS  ore  ready  to  o.o  y 
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measuring  and  recording  vibrations— is  one  of  many  time-saving  devices 
powered  by  Burgess  Industrial  Batteries.  Where  sensitive  test  and  con- 
trol equipment  is  regularly  employed,  engineers  specify  Burgess  for  maxi- 
mum quality  and  service.  The  complete  Burgess  Industrial  Battery  line  is 
built  to  meet  every  standard  commercial  requirement.  Your  Burgess 
distributor  can  fill  your  needs  today — write  for  his  name  and  address. 

BURGESS  IS  FIRST  CHOICE  OF  2 OUT  OF  3 


in  recent  nation-wide  survey  of  manufac- 
turer electronic  engineers.  If  you  have  a 
special  battery  application,  Burgess  engineers 
are  equipped  to  develop  the  type  you  need. 
Burgess  Battery  Company,  Freeport,  III. 


BURGESS 

batteries 
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Fig.  2 — laboratory  damn; 
that  probs  wQl  indicat*  !i 
I under  lh»  surface.  Stoat 
simulate  foreign  partlclw  « 
subcutaneous  tissue  but  hid 
iuHerei'i  skin 

me  the  electromagnetic 
too  sensitive  to  disci 
within  several  feet  of  th 
under  examination.  Also 
housing  both  transmittal 
ceiver  was  heavy  and  cur 

Instabilities  indicated  a 
tuning  of  the  transmit* 
ceiver  and  provision  for ) 
ing  a more  constant  Geld. 
The  second  model  » 

<•  -*  * .* 
quency  with  di 
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-ire  in  good  company ... 


■ where  you  go  in  industrial  Southern 
? England,  it  won’t  be  long  before  you  come 
■M"!*  Ae  plant  of  a well-known  manufacturer. 

)ill  fjM 

k a Rample,  in  this  section  of  Connecticut,  nation- 
taswamous  typewriters,  locks,  firearms,  silver- 
: J it,  brushes,  tools,  safety  razors,  rugs,  vacuum 
ties,  aviation  engines  and  propellers,  rubber 
B,  shaving  cream,  soap  and  skin  lotion,  as 
»!■*  many  other  products,  are  manufactured. 

iff- -ly  one  of  these  products  has  a name  as  familiar 
'^Jour  own.  Many  of  them  had  their  beginnings 
Tt.  Others  have  come  because  of  conditions  fav- 
|ble  to  manufacturing . . . generations  of  skilled 
'jftsmen;  abundant  power;  fair  taxes;  industri- 
p-minded  banking;  State  and  local  government 
to  grew  up  with  industry  and  understands  its 
. toblems. 

p that  is  only  part  of  the  story. 

ilfrthern  New  England  lies  in  the  heart  of  the 
i Arid  s richest,  most-highly  concentrated  market. 

jWithin  a radius  of  500  miles  live  58,000,000  peo- 
ple to  absorb  not  only  Southern  New  England’s 
taumers’  goods  but  her  producers’  commodities 
F-the  tools  and  parts  that  go  into  other  industries. 

god  because  no  part  of  Southern  New  England 
Wmore  than  125  miles  from  tidewater  and  the 
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great  ports  leading  to  foreign  markets,  manu- 
facturers locating  here  will  be  at  the  threshold 
of  the  huge  overseas  trade  that  will  develop  dur- 
ing the  great  era  of  peacetime  commerce  ahead. 

Southern  New  England  offers  better  personal  liv- 
ing, too,  for  it  abounds  in  charming  residential 
communities  with  good  schools,  churches,  lakes 
hills  and  sandy  beaches  — all  close  by. 

In  planning  your  tomorrow,  don’t  overlook 

Southern  New  England -perfect  for  your  new 

or  expanding  business ...  and  for  your  all-aronn 
enjoyment  of  life.  around 

An  industrial  booklet  in  full  color  . 

New  England  for  Tomorrow’s  Indust'rv-?  thern 
for  the  asking.  Write  to  P F n * y ls  y°urs 

ager  of  Industrial  Development  Man- 

Railroad,  80  Eedera,  Sr^S^^" 

-r,.  . Mass. 

low  ts  one  of  a series  nf  „.i 
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9'°m  covering  every  '®nt,nuou$  Search  pro- 
operafion.  No Copadtron^ ^ ,Manu'°eturing 
*V°r  given  a chonce  ll  jlr0^^0"  P'°««  is 

a'Wqys  open  for  . 9'ne? ring  project  - 

trough  this  system  of  ,mProv*ment. 

^"questioned  lende/^^^o/ has  come 
Wax  and  Electrolytic  Coon  ! CaP°''fron  Oil, 
tor"ers  call  it  Qua,ity  Pa'"°rs  - our  cut- 

Telephone  VAN  Buren  3322 


- — ••  Clllcagn  SI,  Illinois 
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Points  for  reflectors  to 

•b*f-  The«  expert 
second  mode]  and  its  d 
ray  were  never  complete 

«e«dt,  0/  Exp(n 

From  the  work  dom 
mg  observations  can  b 

Size-weight:  a pro| 
signed  to  fit  in  the  r 
and  and  light  enough 
died  by  one  hand.  { 
were  made  on  the  front 
instrument  proper  by 
hand. 

Interference:  Twosep 
Jems  were  encountered  hi 
1 Terence  due  to  orgai 
such  as  the  operator,  and 
ference  from  surround! 
of  which  metal  caused  t 
difficulty.  The  use  of  an 
li'e  antenna,  lower  pow 
sensitivity  adjustment  o 
ceiver,  would  reduce  int 

Sensitivity:  The  sensi 
the  receiver,  and  stabilit 
transmitter  were  peculi, 
Jems.  An  instable  transm 
critical  to  adjust  and  made 
sensitive  probe  useless. 

Balanced  Electrom^ 
Field:  This  problem  was 
is  the  major  one  and  has 
do  with  the  phase  relat 
mentioned  previously.  A ba 
obtained  between  the  portioi 
field  absorbed  by  the  medii 
that  reflected  to  the  receii 
tenna  in  the  initial  adjusts 
the  probe  at  its  reference 
^ ariations  from  the  referer 
justment  activate  the  indicat 
tion  of  the  instrument 

Further  Study 

The  second  model  gave  a ] 
output  of  seven  watts  fron 
transmitter;  considerable  of 
power  was  lost  in  the  coaxial 
to  the  probe.  The  amount  of  p 
and  the  required  sensitivity 
such  an  instrument  must  be  d 
mined  from  further  study. 

A lower-power  probe  usin 
wave  guide  in  duplex  as  trans; 
ter  and  receiver  may  solve  soro 
the  interference  problems  of  ear 
probes. 
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?OT  ^ectaonic  Circuits 
. . . one-piece  HYDENT 
connectoxs  assure 
connections  oi  \iig\v 
i electrical  eliiciency 
and  stability . . -Tbey  cu 
fe*  ivn  to  50%,  too'. 


There’s  never  any  doubt  about  either 
stability  or  electrical  efficiency  of  a 
HYDENT  connection.  That’s  why  Fed- 
eral Manufacturing  8c  Engineering  Corp. 
of  Brooklyn,  N.  Y.,  selected  Burndy 


HYLUGS  for  the  wiring  harness  of  this 
signal  generator.  Built  to  meet  the  exact- 
ing specifications  of  military  service,  the 
manufacturer  could  take  no  chances  on 
faulty  connections  in  this  equipment. 
HYDENT  connectors  are  virtually  coined 
to  the  conductors  by  the  Burndy 
HYPRESS,  in  one  quick  operation,  thus 
eliminating  costly  and  messy  operations 
involved  in  soldering.  In  addition,  the 
finished  connections  are  easy  to  inspect. 
Why  not  investigate  this  modern,  eco- 
nomical connecting  method  today.  Write 
to..  .Burndy  Engineering  Co.,  Inc.,  107-L 
Bruckner  Blvd.,  New  York  54,  N.  Y. 


Headquarters  for 

CONNECTORS 
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NEWS  OF  THE  INDUSTRY 

New  RTPB  officials;  receiver  licensees;  standards; 
radar  display;  meeting  schedule;  news  of  Washington; 
FCC  actions;  industrial  activities;  people,  and  awards 

Science  Search:  Man  and  Material 


Because  of  a pbedicted  shortage  in 
scientifically  talented  people  with 
corresponding  training,  Dr.  Van- 
nevar  Bush,  director  of  OSRD 
(Office  of  Scientific  Research  and 
Development)  has  recently  made 
some  proposals  in  a report  to  the 
President,  a report  called  “Science, 
the  Endless  Frontier.”  In  it  he  sug- 
gests that  the  armed  services  be 
culled  for  people  who  should  con- 
tinue their  scientific  education  as 
soon  as  possible.  This  would  plug 
up  holes  in  the  ranks  of  science 
caused  by  what  he  describes  as  the 
radical  way  educational  activities  in 
science  were  suspended  during  the 
war. 

He  also  points  out  that  higher 
education  has  heretofore  been  avail- 
able only  for  those  who  could  afford 
it  and  whether  they  had  talent  or 
not.  His  feeling  is  that  talented 
individuals  in  every  segment  of  so- 
ciety should  not  be  wasted  by  lack 
of  education. 

Specifically,  he  advocates  the  es- 
tablishment of  a National  Research 
Foundation  consisting  of  nine  mem- 
bers to  be  selected  by  the  Presi- 
dent and  responsible  to  him.  They 
would  be  divided  into  five  sections 
covering  medical  research,  natural 
sciences,  national  defense,  scientific 
personnel  and  education,  and  pub- 
lications and  scientific  collaboration. 
He  sets  the  prospective  cost  at  $33,- 
000,000  at  the  outset  with  a possible 
gradual  rise  thereafter. 

Meanwhile,  in  Germany,  technical 
specialists  are  searching  through 
the  files  of  German  scientists  to 
be  sure  we  are  fully  abreast  of  all 
types  of  scientific  endeavor.  In  the 
communication  field,  nine  specialists 
were  reported  by  the  Foreign  Eco- 
nomic Administrator  as  having 
been  active  in  investigations.  The 
group  included:  John  A.  Parrott, 
AT&T;  Pierre  Mertz  and  John  A. 
Townsend,  Bell  Labs ; Todos  M. 
Odarenko,  Federal  Telephone  & 
Radio  Laboratories;  C.  W.  Hansel], 


RCA;  Frederick  E.  Henderson  and 
Roland  H.  McCarthy,  Western  Elec- 
tric Co.;  Charles  M.  Banca,  RCA, 
and  C.  B.  Horsley,  Harvey-Wells 
Electronics. 

Hama  in  Again 

An  announcement  by  FCC  per- 
mits those  amateur  radio  operators 
who  are  in  good  standing  to  return 
to  the  air  at  once,  operating  in  the 
112-115.6  me  band  until  November 
15.  The  shift  to  144-148  me  will 
follow. 

Naval  Research 

Bringing  top-flight  technical  tal- 
ent into  close  contact  with  fleet  op- 
erating and  maintenance  problems 
is  one  of  the  objectives  of  a recent 
reorganization  of  the  Naval  Re- 
search Laboratory.  War  experience 
has  dictated  the  changes. 

Four  new  scientific  divisions  have 


Admiral  Alex  H.  Dr.  A.  Hoyt  Taylor 
Vcm  Keuren 


Dr.  Robert  M.  Page 


been  set  up  by  Rear  Admiral  A.  H. 
Van  Keuren,  director  of  the  Naval 
Research  Laboratory,  to  cover  activ- 
ities which  were  formerly  contained 
in  a single  radio  division  under 
Dr.  A.  Hoyt  Taylor  of  Chicago,  111. 
Dr.  Taylor  now  becomes  chief  con- 
sultant and  chief  coordinator  for 
electronics.  Heads  for  the  new  di- 
visions are  as  follows:  fire  control 
division — Dr.  Robert  M.  Page, 


Etedtenlc  control*  automatically  regulate  exposure  time  in  this  chest  x-ray  opera- 
tion at  McNulty  Shipyards  In  Brooklyn.  N.  Y.  Dereloped  by  North  American  Philip* 
Co.  this  particular  unit  handles  plant  workers  in  rapid-fire  order  taking  *-»aT 
images  on  70  nun  film.  Equipment  was  provided  by  the  U.  S.  Public  Health  Service 
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Specialized 
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Equipment 
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UHF 

DESIGN 


• The  phenomena  encountered  in 
the  UHF  field  are  in  many  cases  so 
decidedly  different  from  those  true 
of  lower  frequencies  that  many 
manufacturers  find  themselves  in 
urgent  need  of  specialized  UHF 
knowledge,  in  order  to  develop 
equipment  that  will  handle  certain 
specific  conditions.  j 

• Since  we  are  specialists  in  UHF  j 

engineering,  we  are  equipped  not  I 

onl£  to  render  technical  advice, 
but  also  to  follow  through  in  the 
actual  production  of  equipment  in 
our  shops. 

• Of  necessity,  during  the  war 
period,  our  efforts  have  been  con- 
centrated largely  on  Army  and 
Navy  work.  Now  that  peace  is  with 
us,  we  have  adequate  time  to  de- 
vote to  civilian  requirements.  We 
invite  discussion  of  any  problems 
you  may  have  in  the  UHF  field. 


RADIO  ENGINEERS  AND  MANUFACTURERS 

morganville.  n.  j. 


ONE  QUICK  CENTRAL  SOURCE 

fin  ait  <*£ 

TRANSFORMERS 


Thordarson 

Stancer 

Sola 

Oonoral  Radio 
UTC 

Superior 
Merit  Coil 
Knight 
General 
Transformer 
Acme 

Pioneer  Electric 
Crest 


Helpful 

BUYING 

GUIDE 

Available 
on  Request 
Write  for  it! 


It’s  simpler,  faster  to  get  your  transformer  needs  from 
this  one  central  source.  Here,  under  one  roof,  are  all 
the  leading  makes,  in  all  the  wanted  types; 

Power  • Adjustable  • Voltage  Regulating 
Step-up  and  Step-down  • Plate  and  Filament 
Audio  Input  • Interstage  and  Output  * Modulation 
Driver  • Microphone,  Line  and  Mixing  Transformers 
Filter  and  Swinging  Chokes  • Audio  Reactors 
Fluorescent  Lighting  Ballasts 

Large  and  varied  stocks  are  maintained  for  rush 
service.  Close  contact  with  manufacturers  expedites 
procurement.  This  complete  service  saves  time  and 
work.  That's  why  thousands  call  ALLIED  First! 

WRITE,  WIRE,  OR  PHONE  HAYMARKET  6 800 
Jor  Everything  in  Radio  and  Electronics 


ALLIED  RADIO 

CORPORATION 

B'Vd-  ’ DePt’  24-K'5  * Chicago  7,  Illinois 

SUPPLIERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
Electronic  Tubes  RKtirierj  Power  Supplies.  Intercommunicating  Systems.  Sound  Systems,  Photo-Cell  Equip- 
ment,  Batteries,  Chargers,  Converters  Generators.  Supplies  tor  Resistance  Welders,  Fuses,  Test  Instruments 
Meters,  Broadcast  Station  Equipment,  Relays,  Condensers,  Capacitors,  Resistors,  Rheostats,  Translormers 
Switches,  Coaxial  Cable,  Wire,  Soldering  Irons.  Microphones,  Speakers,  Technical  Books,  etc. 


Superintendent,  St  Paul,  Minn.j  [ 
special  electronics  research  and  deJ 
velopment  division— John  M.  Miller' 
Hanover,  Pa.;  ship-shore  radio  divi- 
sion— L.  A.  Gebhard,  Buffalo,  N. 
Y.;  airborne  electronics— R.  A 
Gordon,  Hyattsville,  Md. 

RTPB  Election 

For  the  term  running  from  Oct  1, 
1946  to  Sept.  80,  1946,  the  adminis- 
trative committee  of  RTPB  (Radio 
Technical  Planning  Board)  has 
elected  the  following  officials:  chair- 
man, Haraden  Pratt,  Mackay  Radio 


Haradan  Pratt 


& Telegraph  Co.,  New  York;  vice  i 
chairman,  Howard  S.  Frazier,  Na- 
tional Association  of  Broadcasters, 
Washington ; treasurer,  Will  Baltin, 
Television  Broadcasters  Associa- 
tion, New  York;  secretary,  W.  H. 
Crew,  IRE,  New  York. 

Radio  War  Museum 

The  advertising  committee  of 
RMA  headed  by  John  S.  Garceau, 
Fort  Wayne,  Ind.,  is  proposing  the 
establishment  of  a national  war  mu- 
seum to  exhibit  radio  and  radar  | 
equipment. 

Members  of  the  committee  feel 
that  action  should  be  taken  shortly. 
Otherwise  electronic  equipment  may 
be  lost  to  salvage  before  an  organ- 
ized movement  to  preserve  it  can 
be  made. 

As  a memorial  to  the  important 
role  of  heroic  radio  and  radar  oper- 
ators, gear  from  historic  battles 
should  simultaneously  serve  as  a 
tribute  to  the  technological  achieve- 
ments of  the  electronics  industry. 

New  Receiver  Makers 

Licenses  have  been  issued  by  BCA 
to  permit  receiver  manufacturing 
by  a number  of  new  concerns.  Th® 
present  total  is  106,  a figure  which 
can  be  compared  with  the  64  manu- 
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Dow  Corning  996  is  an  electrical  impregnat- 
ing varnish  lor  low  temperature  baking. 

Dow  Coming  996  was  developed  to  provide 
manufacturers  of  new  equipment  and 
rewinders  of  old  equipment  with  a heat  resist- 
ant, waterproof  silicone  varnish  which  can  be 
cured  at  temperatures  obtainable  in  ovens  now 
used  for  curing  organic  insulating  varnishes. 

Dow  Corning  996  is  used  as  the  dipping  or 
impregnating  varnish  for  equipment  wound 
with  typical  silicone  insulation  components. 
These  include  Fiberglas  cloth,  tape  and  sleev- 
ing  varnished  with  DC  993;  silicone  bonded 
mica-Fiberglas  for  ground  insulation;  silicone 
bonded  Fiberglas  served  magnet  wire;  silicone- 
Fiberglas  laminated  coil  separators  and  slot 
sticks,  and  Silastic*  coated  lead  wire. 

Electrical  equipment,  wound  with  silicone  in- 
sulating components  and  sealed  by  impreg- 
nating with  EC  996,  will  have  the  high  order 
of  thermal  stability  and  retention  of  water- 
proofness characteristic  of  silicone  insulation. 

Dow  Coming  996  thus  enables  all  types  of 
electrical  shops  to  realize  the  advantages  of 
silicone  insulation.  It  is  recommended  for  use 


in  equipment  which  is  to  be  operated  at 
temperatures  up  to  175°C.  (347  'F.).  For  higher 
operating  temperatures,  or  extremely  severe 
service  conditions,  ED  993  should  be  used 
throughout.  The  same  methods  of  dipping, 
spraying,  or  vacuum-pressure  impregnating 
that  are  used  for  applying  conventional 
organic  varnishes  can  be  used  with  EC  996. 


PROPERTIES— Dow  Corning  996  is  furnished  as  a 50  per 
cent  by  weight  solution  in  an  aromatic  solvent  and  has  a 
viscosity  of  2 to  5 poises.  In  this  consistency  DC  996  is 
suitable  for  impregnating  electrical  equipment.  It  can  be 
reduced  to  any  desired  viscosity  with  aromatic  naphtha. 


Dow  Corning  996,  when  coated  on  metal,  air  dries  to  a 
slightly  tacky,  soft  film.  Baking  the  coated  panel  at 
150°C.  (302  F.)  for  a period  of  four  hours  will  cure  the 
coating  to  a non-flowing,  tack-free,  flexible  film.  DC 
996  has  ample  heat  stability  for  continuous  use  at  tem- 
peratures as  high  as  175°C.  or  for  intermittent  use  at 
higher  temperatures. 


ELECTRICAL  PROPERTIES  OF  DC  996— (measured  on  coated 
panels  at  15»C.  and  S0%  relative  humidity.) 

Dielectric  Strength,  volts  per  mil  1500  to  2000 

Dielectric  Constant,  at  1000  cycles 

Power  Factor,  at  1000  cycles u"'/o 


DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 

NEW  YORK  OFFICE*  EMPIRE  STATE  BUILDING 


DISTRIBUTED  BY 

Electrical  Specialty  Co San  Francisco 

Prehler  Electrical  Insulation  Company - • • Chicago 

Insulation  Manufacturers  Corporation Chicago 

Insulation  and  Wires,  Incorporated St.  Louis 

Mica  Insulator  Company Schenectady 

National  Electric  Coil  Company Columbus 

Westinghouse  Electric  Corporation  D 

Insulation  Section,  Micarta  Division  ....  Tranord,  renna. 


♦ Trade  name  for  Dow  Coming  Silicone  Rubber 
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Gain  Set 


1901-B 


As  necessary  to  perfect 
Amplifier  performance  as 
the  fourth  leg  to  a dog! 

You  can’t  have  perfect  performance  in  amplifying  or  other 
speech  transmission  without  knowing  the  efficiency  and  per- 
formance of  each  unit  in  the  installation. 

With  a Variaten  Gain  Set  you  can  ( 1 ) measure  the  total 
amplification  of  an  amplifier;  (2)  measure  the  gain  at  all  fre- 
quencies to  determine  whether  there  is  discrimination  against 
any  part  of  the  frequency  spectrum;  (3)  measure  the  power 
output  of  any  amplifier;  (4)  measure  frequency  response  of 
transmission  lines  in  absolute  quantities;  (3)  check  all  control 
equipment— in  fact,  quickly  make  a quantitative  analysis  of  any 
part  of  the  audio  frequency  spectrum. 

Unvarying  accuracy  is  all-important.  Variaten  Gain  Set,  Type 
1901-B  (shown  above)  has  a flat  frequency  characteristic  of  0 
to  20  kilocycles,  and  leakage  is  guaranteed  to  be  less  than 
l/10th  db.  (Measurements  have  been  made  at  frequencies  as 
high  as  100  kilocycles  with  practically  no  error.) 

Variaten  Gain  Set  1901-B  is  equipped  with  both  send  and 
receive  impedance  matching  controls  for  both  Straight  T and 
Balanced  H circuits.  This  dependably  accurate  instrument  can 
be  supplied  with  either  one  or  two  meters. 

Write  today  for  complete  data  on  Type  1901-B  and  other 
Variaten  Gain  Sets. 


Other  Variaten  products— 
Attenuators,  Mixers,  Resis- 
tors, Matching  Pads  and  other 
precision  sound  equipment 
meet  the  most  exacting  speci- 
fications. Catalog  on  request. 


CINEMA  ENGINEERING  CO. 

established  1935  - Burbank  • California 


facturers  who  wei 
the  war. 

The  new  license 
stal  Products  Co„  1 
Electrical  Researcl 
Angeles,  Calif.;  ; 
Mfg.  Co.,  Kansas  C 
Corp.,  Los  Angeles, 
Scientific  Product 
Precise  Developmei 
Premier  Tool  4 It 
New  York,  N.  Y.; 
Co.,  Los  Angelei 
Energy  Radio  & ' 
of  America,  New 
Scientific  Radio  Pro 
cil  Bluffs,  Iowa;  Sei 
tries,  Inc.,  Orange 
Electronic  & Mfg. 
N.  Y.;  Tech-Mastei 
New  York,  N.  Y.; 
gineering  Co.,  Los 
Whiting  & Davis 
Mass. 

Radio-Shows  Orj 

Sponsorship  and 
shows  for  the  radio 
will  be  handled  on  a i 
by  a new  corporate 
Parts  and  Electron 
Shows,  Inc.  The  gt 
formed  as  a result  c 
by  the  Radio  Parts  1 
dinating  Committee. 

Merged  in  the  new 
the  Radio  Parts  Indu 
Trade  Show  and  the 


Radio  officer  graduates  d 
Maritime  Service  Radio 
tion.  Gallups  Bland.  Bos 
who  have  lost  their  1 
ice  of  their  country  art  ® 
by  this  dramatic  monum^ 
is  being  inspected  by  1" 
W.  Larsen,  administrative  ol 
station;  Commodore  Jeho 
Commandant  of  the  * 
Service;  and  I.  A. 

Officer  of  the  •t®*’' 

October  1 945'^ 


nmKNOWHOW  that  makes  the  difference 


From  the  game  basic  ingredients  can  comt  n,a 
different  results,  some  excellent,  some,  • • • not 
so  good.  Whether  it’s  cakes  or  regulators,  it’s  the 
“KNOW  HOW”  that  counts. 

The  engineering  staff  of  Sorensen  and  Compan) 
Inc.  have  developed  a new  idea  in  voltage  regu 
tors.  Models  IK,  2K,  and  3K,  will  meet  90%  of 
the  requirements  and  applications  of  voltage 

regulators. 

The  60  cycle  models  IK  and  2K,  cover  power  re- 
quiremente  from  100  to  2000  watts.  The  400  cycl 
model,  3K  handles  powers  from  50  to  500  watts— 
(they  are  not  resonant  type  regulators  . • aut® 

made  voltage  control  is  accomplished  by  electronic 
means).  Voltage  control  stability  is  better  than  pi 


or  minus  % of  1%  for  input  variations  of  from 

90  to  130  volts. 

The  60  cycle  models  are  constructed  for  rack  or 
cabinet.  The  400  cycle  model,  3K,  is  in  s io. 
.nounts.  All  the  regulators  are  outstanding  be- 
cause frequency  variation  does  not  affect  the  reg- 
ulation factor. 

Sorensen  and  Company,  Inc.  likewise  offers  vol, 
1 adjustable  transformers  in  ratings  from  500 

V A.  to  1500  V.A.  These  models  known  as 

Vt^T  controls  are  capable  of  providing  voltage  in 
VOLT  controls  are  P VOLT,  in  a 

increments  as  small  as 

range  of  from  0 • 130  volts. 

only  »»»  1“  V**-**'  “T? 

filled  units. 
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Model  636  Dynamic 
Tube  Tester 

With  Built  In  Rotary  Tube  Chart 


Tops  in  design  and  performance  in- 
cluding the  latest  Jackson  patented 
switching  circuits. 

Modern  in  every  feature  of  con- 
struction, appearance  and  operation. 

Complete  with  every  valuable  fea- 
ture. Up  to  date  for  all  newest  tube 
types. 


is  protected  against  obsolescence  in  every 
possible  feature. 

Roll  Chart  tube  index — simplifies  correct 
settings. 

full  Range  Filament  Selection— marked  di- 
rectly in  volts. 


SPECIFICATIONS 

"Dynamic”  Method  of  Test — Makes  a bet- 
ter test  on  every  tube.  The  "Dynamic” 
method  is  more  accurate,  frequently  finding 
"poor”  tubes  which  might  pass  for  "good” 
in  ordinary  testers. 

Tests  All  Tubes — -All  of  the  popular  receiv- 
ing types  and  television  amplifiers,  includ- 
ing Bamtams—Loctals— Single  Ended — 
Kof/age  Filament  Types  and  Minia- 
tures. Provision  for  many  more.  The  tester 


BUY  WAR  BONDS 


Bench  Model  636-B  (illustrated)  is 
installed  in  welded  steel  cabinet. 
This  instrument  is  also  furnished 
(portable  model  636)  in  a French 
grey  leatherette  case  with  removable 
lid — matched  in  dimensions  and  fin- 
ish to  other  testing  instruments  in  the 
Jackson  line.  It  can  be  assembled  with 
them  in  the  Jack  son  Service  Lab.  Buy 
now  with  an  eye  ahead  — on  a 
matched  Jackson  testing  set. 

* TRADr  MARK  RFC 


rs,  u 
ittena 
ew  a 


AND  STAMPS  TODAY 


Jackson 

m,l4>  Petting  Pnitiumenti 

(UCMICAl  „YION_  ohio 


dustry  Conference  ConuJ 
mutual  interests  and 
ances  being  pooled. 
Eight  directors  have 
I pointed,  two  from  each 
I sponsoring  groups:  RJ 
division,  National  Electq 
tributors  Association,  Aj 
of  Electronic  Parts  and 
ment  Manufacturers, 
Managers  Club— Easl 
Officers  of  the  new 
include:  H.  W.  Clough,  1 
Co.,  president;  Charles 
Aerovox  Corp.,  vice-pres 
Poncher,  Newark  He 
treasurer ; and  J.  J.  Kah 
Transformer,  secretary, 
for  the  appointment  y 
manager  on  a full-time 
the  expectation  that  a 
might  materialize  by  Oei 


X-Ray  Standard 

For  industrial  use  of  w 
safety  code  has  been  complet 
War  Committee  of  ASA  (An 
Standards  Association).  II 
pected  that  the  code  will  I 
basis  for  a peacetime  I \ 
which  will  likewise  be  dei 
the  job  of  protecting  in 
users  of  x-ray  against  tissn 
age.  Previous  standards,  f 
larly  those  applicable  to  thei 
field,  have  been  published 
National  Bureau  of  Stands! 
creasing  use  of  x-ray  equips 
the  one-  and  two-million  volt 
fications  indicates  the  need  fo 
tection  beyond  that  require 
medical  practice. 

West-Coast  Relay  j’ 

Applications  have  been  filed  bj 
ternational  Business  Mad| 
Corp.  for  FCC  permission  to  8 
terminal  stations  in  b*  Ang 
and  San  Francisco  as  part  of 
experimental  radio-relay  networt 
According  to  information  j 
leased  by  GE,  suppliers  of  thegg 
the  relay  towers  are  to  be  triasj 
lar  in  cross-section  and  about 
ft  high.  A covered  platform  35 
wide  at  the  top  will  be  r®3 


by  spiral  staircase. 


On  each  si 


tJj  OykLtAA  

there  will  be  six  antennas,  three 
reception  and  three  for  transm 
sion  to  provide  three  channes 

each  direction. 

Located  within  sight  of  e* 
other,  the  towers  will  be  spaced 
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J|,T  WAR  AMPLIFIERS  to  civilian 

SpejjtoL  I 

MAKE  A 

ra«!  jlB 


USEFULNESS  AND 

PROFIT 


O&Q, 
o,  p-aj, 

awojfo 


tail  Material 

' 605 -D  AUDIO  AMPLIFIER 


[j  ’ Itions:  Two  jtoge  cascade  amplifier.  Chassis 
■R  cover  of  18  gauge  steel.  Cadmium  plated. 
1 finish  olive  drab  baked  enamel.  Dimensions: 
v wide,  12^"  deep.  Total  weight  23% 

. ttS  at  ^tont  to  a spares  comportment,  5 " x 6%  " 
suitable  for  locating  vibrator  or  small  transmitter. 

?'k  "Prance:  Af  400  cycles,  200  ohms,-  at  lOOO 
jN  300  ohms. 

v I Impedance:  Two  secondary  windings  on  out- 
Kformer  with  one  high  for  minimum  3,500  ohm 
■ift  wired-in  T‘  pad  attenuator,  (control  on  front) 
N low  for  8 ohm  load  (no  control). 

C It  Power:  At  350  volts  plate;  nominal  4 watts, 
5 wattj. 

Retirements  for  Maximum  Output:  minus 


It  Two  type  RCA  1619. 

low  voltage,  12V  or  24V  DC 
up  to  350  volts.  Filament  and  bias  eon 
■Minafly  2 amps.  Plate  and  screen  drain  c 
**  75  to  10  nilliamperes. 

*!£**■•-  °<  0 No-  DM-34-D  12  volt  or  i 
" « wt  dynomotor  which  may  bo  availabl 
it  source.  An  18  contact  male  receptacle  c 
.^cot section  to  dynomotor. 

. 0FF  °nd  ON  switch,  On 

Wicatgr  lamp,  One  fuse,  On 
bstton  carbon  microphono,  and  ons 
—“w  hr  nagn.tic  microphono;  two  jacks  fe 
m h JZ  (Currant  for  carbon  micrc 

Vi  T*™” 01  ’"'•flfol  part  of  tha  amplifier  cii 
mat  aft  3^'0,,,oc,  r*c.ptoda  is  mounta 
Lr  ^0*!?  ”*  C0lm*c,'0|t  *o  external  microphone 
"l"j*"**  a*  on  intar-com.  systam. 

fL*?**  to  “«•’  WEJ  201  carbon  c 

»-iZ:^H*odphonM'  °ny  900,1  maka'  ,o° 

r«odily  accouible  for  alterotior 
ff*S»Wd.  ™ *FQt*  *or  odd'flo»  of  on*  or  two  tubs 


The  large  volume  of  released  electronic  equipment  no 
longer  needed  by  our  armed  forces  is  a challenge  to  the 
inventive  genius  of  the  electronic  industry.  Help  to  pre- 
vent waste.  Apply  your  skill  and  ingenuity  to  the  problem 
of  converting  some  of  this  war  equipment  to  meet  civilian 
needs. 

Consider  the  possibilities  of  this  inter-comm  amplifier.  It 
was  built  to  lead  a rugged  life  in  U.  S.  Armored  Division 
Tanks.  Easily  converted  for  announcing  use  in  motor  buses, 
police  or  fire  department  vehicles;  yacht,  motor  boat  or 
fishermen’s  loud-hailers.  It  has  space  in  the  spares  com- 
partment for  a micro-wave  transmitter.  Or  perhaps  you 
have  a better  idea. 

Available  in  large  quantities.  New  — packed  in  original 
cartons.  Immediate  delivery.  Send  for  a sample.  Look  it 
over  and  experiment  with  it.  Price  $10.00,  f.  o.  b.  San 
Francisco.  Make  checks  or  money  orders  payable  to 
Remler  Company  Ltd. 

REMLER  COMPANY  Ltd.  • 2101  Bryant  St.  • San  Franrisco,  Calif.  1 

Agent  for 

Reconstruction  Finance  Corporation 


REMLER 

SINCE  1918 

-f)nnounclny  & Communication  C^uljament 
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10  DU  m,!es  apart  wha 

tops  are  available,  but  i 

try  the  distance  will  b< 
about  30  miles.  The 
handle  two  two-way  tel 
grams,  four  full-fidelity 


nels  for  f-m  broada 
radiophoto  or  facsimil 
and  120  business-machii 


Industry  Prediction 

Making  a study  among 
vidua]  manufacturers  an 
associations  with  more  l 
members,  the  Marketing 
of  CED  (Committee  foi 
Development)  concludes 
ican  manufacturers  plan 
41.6  percent  more  good 
than  they  did  in  1939.  A 
price  level,  the  totals  an 
000,000  against  $80,518,01 
Electrical  machinery, 
fication  including  durai 
products  in  the  electronic 
was  valued  at  $1,727,400,0 
and  is  estimated  at  $2,6! 
for  1947,  or  an  increase  of 
cent. 


Facts  You  Should  Know  About 
C.FH.H.  Stainless  Steel  Bellows 


Among  a number  oi  new 
tees  appointed  by  NAB  ( 
Association  of  Broadcasts 
engineering  executive  « 
consisting  of  G.  Porter 
WCBM,  Baltimore,  Md- 
man);  J.  B.  Fuqua,  WGi 
gusta,  Ga. 


TF  you  plan  to  use  bellows  for 
“*■  vacuum  equipment,  instru- 
ments, rotating  shaft  seals,  or  for 
other  similar  purposes  in  the 
electronic  field,  here  are  some  es- 
sential features  of  C.  M.  H.  Stain- 
less Steel  BELLOWS: 


O.  tong  length s ore  standard  production  per- 
mitting economical  use  of  C.M.H. 
Stainless  Steel  BELLOWS  for  many  un- 
usual types  of  applications. 

7.  Better  delivery  schedules  are  possible 
because  C.M.H.  BEUOWS  ore  sfondartl 
production  products. 


N.  Y.;  Karl  B.  E 
Mo,  N.  Y.;  and 
CBS,  New  York. 

• Standards 

STS  are  included  it 

m of  the  ASA  (An 


For  complete  information  about 
C.M.H.  Stainless  Steel  BELLOWS 
and  about  the  many  types  of  Flex- 
ible Metal  Hose  in  the  complete 
C.M.H.  line,  write  us  today. 


!•  Corrosion  roust  mitt  qualities  of  stainless 
steel  enable  wider  application  off 
C.M.H.  BEUOWS. 


2.  High  and  low  temperatures  do  not  affect 
fhe  operating  efficiency. 

3.  Multiple  ply  construction  gives  even 
greater  strength  factors  when  needed. 

4.  Ferrous  fittings,  attached  by  Circular 
Seam  Welding,  assure  permanent,  leak- 
proof joints. 

5.  Uni-metal  assemblies  avoid  the  costly 
troubles  encountered  where  bi-metal 
types  are  used. 

Flexible  Me^al  Hose  for  Every  Industrial  Use 


Standards  Ass0C1Hing  < 

conductors.  The 
C29.1-1944,  is  a re  ^ 

InSUlhto1930eSta,soan,i8ted  ‘ 

Sm  The  work^ 
guy!’  spX  wire  holder’  b 

and  tube  insulators.^  v 

Test  data  cover  60  y 

dry  flashover’  Sever,'  * 
hi*h-freQZZJ  voltage,  i: 

quency  within 
withstand  volt.g  nl 

over  voltage,  and 


Ask  for  Chicago  Metal  Hose 
Form  SSB2  on  which  to  submit 
your  bellows  requirements.  It  will 
save  you  time — assure  more  accu- 
rate transmittal  of  essential  data. 


CHICAGO  mETflLHOSE  Corporation 

vim 


mAVU/OOD,  ILLINOIS 

■$ : Maywood  and  Clgln,  III- 


Ocdobt' 
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More  than  twenty  years  ago  Chace  developed 
and  introduced  thermostatic  bimetals  made  of 
nickel-chrome  steels,  which  had  a longer  life 
at  high  temperatures  than  earlier  type  bimetals 
made  of  other  alloys. 

As  a result,  the  manufacturer  of  temperature 
responsive  devices  was  enabled  to  get  a more 
lasting  actuating  element  and,  in  consequence, 
to  produce  a dependable  and  more  enduring 
appliance  or  control.  Chace  Thermostatic  Bi- 
metal thus  became  “ the  heart”  of  many  lead- 
ing temperature  indicating  and  controlling 
devices  whose  sales  volume  steadily  increased. 

Developed  in  years  of  peace,  Chace  bimetals 
became  vitally  important  in  war,  as  did  the 
knowledge  of  our  engineering  and  fabricating 
divisions,  in  the  application  of  bimetal  to 
many  precision  controls. 

This  knowledge — now  fortified  by  additional 
hard-won  experience — will  again  be  freely 
offered  to  manufacturers  wishing  to.  refine 
present  designs  or  to  bring  out  new  develop- 
ments . 


*M.  CHACE  CQ 

Thermostatic  Bimetals  and  Special  Alloys 
1630  BEARD  AVI  • DETROIT  9,  MICH. 


CHACE BIMETAIS 


are  made  in  35  Specific  Types 

one  of  which  should  precisely  fit  your  needs 
'$H- 


* 


SOLD  IM 


" TRIPS  and 
FORMS 


0 


* 


* 
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I voltage  tests.  Data  coven 
I factors  such  as  meci 
j trical  strengths,  thermal  J 
j teristics,  and  dimensions.  ■ 
American  Standards  As* 

I is  located  at  70  East  45th  5 
York  17,  N.  Y. 

Surplus  Equipment 

SPB  (Surplus  PRorem 
estimates  that  there  will  eit 
be  thrown  on  the  market 
equipment  and  components  a 
about  $3,000,000,000.  Somer 
equipment  may  have  a sgj 
nebulus  merchandising  fata 
as  $5,000,000  worth  of  specif  <| 
currently  surplus.  Althoi 
have  no  civilian  possibil 
present,  they  may  very  well  I 
ful  to  amateur  operators  wh| 
are  once  again  on  the  air.  j 

Mobile  Radio  Service 

Grants  are  being  offered  ty 
for  experimentation  in  two* 
of  mobile  service  for  whirl 
quencies  have  been  designate 
these  two  classes,  24  channeii 
allocated  for  urban  mobile  * 
in  the  152-162-mc  region  *n 
channels  were  set  aside  for  S* 
highway  mobile  service  in  the- 
and  42-44-mc  regions.  J 
Where  the  facilities  are  to  be. 
to  obtain  factual  date  re  a 
needs  and  requirements  of  tee 
posed  service  and  to  collec‘ 
tion  which  might  be  useful  * 
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ENIUM 

SULPHIDE 

ft  Rectifier 
ns  are  illus- 
tlow: 


from  AC  — * ABBgtL  —*■  to  DC 


METALLIC  ELECTRICAL 
-JL.  RECTIFIERS  (cx*SSS!SS&n») 

offer  you  these  advantages: 

They  or«  COMPACT 

For  a given  power  output  the  space  required  by  metallic  rectifiers  is 
very  small.  H 

They  ore  SILENT  /.J 

B-L  Rectifiers  are  silent  in  operation  and  have  no  mov^n?  pans. 

.J  v: 

They  a re  DEPENDABLE  ^ 

Dependability  is  assured  by  their  simple  and  rugged  construction,  in 
which  no  glass  bulbs,  filaments,  or  other  fragile  parts  are  employed. 

They  ore  TROUBLE-FREE 

Regular  maintenance  and  attention  are  ppp^essary. 

They  are  RUGGED 


/ 


ji-) b 'tn n 


/ 


B-L  Rectifiers  are  rugged  and  will  withstartdheaVy  overloads  for  shorjt 
periods  of  time.  c-i  ->!  u i<  i i 1 ' 


r:i  'Mcijiiiiq 

They  are  ADAPTABLE  ' 3 ^ A j > j 

B-L  Rectifiers  are  adaptable  for  power'  outputs  ttam  Millip-atti  to 


Kilowatts. 


if 

1 


a 


j/.  oi  zhrauinJaii 
t of  if  lip'j 

Many  rectifier  applications,  heretofore  considered  .impractical,  ; 
have  been  devised  by  B-L  Engineers.  It  is  more;  than  likely  that  j \ 
they  can  be  of  assistance  in  solving  your  problems  of  convert-  j 
ing  AC  current  to  DC  ...  Write  for  Copper-Sulphide  Bulletin 
R38-A  — or  for  Selenium  Bulletin  R41-A.  \ i 

THE  BENWOOD-UNZE  COMPANY^vl^ 

1815  Locust  Street St.  Lou^^JMo.  - ' Jj 

long 

tW  r ? 5 ; ^ a ???■■ 

. \h  i ■ .Vsii.  — • • «T?- 


420  Uxlnflton  Av^. 

20  N.  Wacker  «#«»* 

.•  ^ 

Designers  and  Manufacturers  of  Selenium  and  CoppW  oulphide  Rectifiers, 

Battery  Chargers,  and  DC . Power  Supplies  for  practically  every  requirement  J 
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NOW,,,.... 

Instrument  Rectifier  and  a Balanced 
Resistance  network  in  one  convenient 
plug  assembly 

fts 
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^ Conant 

^ 0fjfi  fs]ow>  Conant  can  give  you  this 


\ \ new  development  that  meets  the  demands 

X zbBoh3v&ryrft8ti0nithat  inV°Ive  tHe  ba,anCed  bnd§f 


principle  in  AC  operation. 


I I A striking  example  of  Balac's  many  uses  is  the 

LiiUiM  mo frmqm  4*ndard  Wheatstone  bridge 
1 instruments  to  AC.  AC  accuracy  and  performance 

become  equal  to  DC  operation  on  the 


never 
wave  form 


nijallu 


t become  equal  to  operation  on 

indication  is 

f^UCnCy' 

A-lbfl  niwllnfl  , 

No  priorities  necessary— no  waiting.  Write  today 

Conant. 

,j2  .....  • 


ELECTR'C/.!.  LABORATORIES 


loitn3 


6500  0 STREET,  LINCOLN  5,  NEBRASKA,  »•  ■ • 


ciding  the  eventual  m 
ation,  a limited  num! 
izations  will  be  peri 
ever,  the  Commission 
any  assurance  that 
will  be  authorized  to 
tions  in  the  new  sen 
finally  established. 

Experimental  autho: 
already  been  introduce 
eral  mobile  radio  serj 
western  Bell  Telepln 
Louis,  Mo.  and  Yello 
panies  of  Cleveland,  01 
ington,  D.  C.  Other' 
are  on  file  from  Bell 
panies,  Highway  Hi 
western  Bell  Telephoi 
theon  Mfg.  Co.,  Air  Asi 
Pacific  Freight  Line 
Auto  Rental  Co.,  Beni 
Corp.,  Tanner  Motor 
and  Federal  Telephone 
Co. 


Theater  Loudspeak 

Under  the  sponsor? 
Academy  of  Motion  F 
and  Sciences  a series 
being  conducted  to  provi 
suring  the  efficiency  of  t 
speaker  systems. 

Because  previous  poi 
cations  have  been  basec 

fier  characteristics  alo 
been  impossible  to  speci: 
acoustical  power  in  a 
torium. 

Such  standards  will  « 


Dw’”9  'I*  b 

10  pick  UP  rer  ■ place  oM 

selenium  ,be  * 

tomary  electro  v«»e;a 

oo.roired  T** 

formed  wi*  c0“£  Works  4* 
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more  efficient 
. . . in  miniature 


Her  cainffli 

been  imptaS 
acoustical  )t« 
tnrian. 

Sntii  sin® 


The  early  camera  addict  had  to  be  both  patient  and 
rugged.  He  carried  a bulky  camera  in  one  yellow 
stained  hand  and  a case  containing  his  plates, 
tripod  and  cloth  in  the  other.  He  would  laboriously 
“set  up,”  struggle  with  focusing  and  try  to  keep 
subjects  still  for  long  time  exposures.  Compare 
the  size  of  his  equipment,  his  efforts  and  the  results 
he  obtained  with  those  of  the  user  of  the  modern 
camera. 

Yet  the  pocket  camera  of  today  is  no  better  ex- 
ample of  greater  efficiency  in  miniature  than  is  the 
modem  Electronic  Tube.  In  most  high  frequency 
circuits  TUNG-SOL  miniatures  function  far  better 
than  the  larger  conventional  tubes.  Because  of 


shorter  elements  tney  are  actual  size 

and  their  lesser  mass  makes  them 
less  prone  to  distortion  as  the  result  of  vibration. 

TUNG-SOL’s  principal  interest  in  the  Electronic 
industry  is  to  produce  tubes  that  make  radio  sets 
and  other  Electronic  Equipment  more  effective  and 
efficient.  Their  engineers  are  at  your  service  to 
help  plan  circuits  and  select  tubes.  Consultation, 
of  course,  is  confidential. 

TUNG-SOL 

electronic  TUBES 


v it  a R K 4 NEW  JERSEY 
TUNG.  SOL  LAMP  WORKS  INC.,  NE  ’ ^ Currenf  lntermitton 

Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Class  Sealed  earn  ea 
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In  Vacuum  Gauges  • • « its  the  new 

klp/utfam 


Alphatron  Gauge  Type  510 
Preliminary  Calibration  Scale 


1 micron  fo  10  millimeters 


Instantaneous  response 


undamaged  by  atmospheric 


. A single  gauge  giving  continuous  linear  indi- 
cation of  pressure  in  three  ranges:  1-100 
microns;  1-1000  microns  and  1-10  millimeters. 

• The  Alphatron  utilizes  the  ionization  effect  of 
alpha  particles.  This  new  principle  enables  in- 
stantaneous response  to  pressure  change  and 
thus  avoids  lag  in  readings. 


pressure 


simple  calibration  for  dif- 
ferent gases  . . . . 


specifications 


.The  flow  of  alpha  particles  is  produced  from 
a sealed  radium  source.  There  is  no  filament  to 
burn  out,  and  the  gauge  is  unaffected  by  ex- 
posure to  atmospheric  pressure. 

.The  graph  above  shows  that  the  Alphatron 
has  linear  reactions  to  pressure  throughout  its 
entire  range.  Calibrated  for  dry  air  the  stand- 
ard Alphatron  may  be  used  directly  for  other 
gases  by  means  of  calibration  factors.  Excel- 
lent for  use  with  systems  containing  water 
vapor  and  for  leak  detecting. 

.Control  box:  size  12H’  x 9j4'  x 
weight  20  lbs.,  finish  grey  and  black  crackle 
with  red  trim;  gauge  (including  first_«t*ge 
amplifier);  size,  12' x 3"  0.  D.,  weight  a lbs., 
finish  natural;  cables:  10  feet  special  10  con- 
ductor; power  110  volts,  60  cycle,  A.  C.,  i 
ampere;  calibration  as  shipped:  dry  air;  ship- 
ping weight;  approximately  27  lbs. 


NATIONAL 


For  full  particulars  send  for 
bulletin  G-3. 


RESEARCH  CORPORATION 


the  light  of  higher  efee 
loudspeakers  which  reee; 
dicate  are  becoming  avail 
it  is  anticipated  that  higi 

cies  in  acoustical  levels 
quired  for  proper  drama 
tation  of  forthcoming 
wherein  improvements  in 
noise  ratio,  an  extensio 
quency  range,  and  more 
effects  of  sound  are  expn 
The  Research  Council 
Sound  Standardization 
under  whose  sponsorship 
have  been  conducted, 
mended  that  theaters 
proved  loudspeakers 
better  overall  sound  result 
as  a way  to  reduce  electric 
Test  equipment  for  these  | 
is  installed  in  the  Fox  W< 
Academy  Theatre,  Ingleww 
I where  the  committee  hoi; 
I ings. 

Instrument  Society  00 

PRO-TEM  OFFICERS  have  been 
by  The  Instrument  Sod 
America  as  follows:  pr 
A.  F.  Sperry,  Chicago;  vie 
dent,  Carl  Kayan,  profes 
mechanical  engineering,  Ci 
University,  New  York,  ' 
treasurer,  Charles  E.  Try, 
burgh ; and  secretary,  Richan 
bach,  Pittsburgh. 

In  addition  to  these  elect 
dividuals,  chairman  and  coin 
members  have  been  establish 
the  following  committees: 
stitution,  exhibit,  An*"*® 
ship,  nominating,  frogm 
Ilcations,  and  publicity. 

Radar  Shown  by 
Radiation  Laboratory 

a id 

radar  «a,pB“‘  S ft.r  f 
veloped  during  the  P j 

toriea  at  H”"  ® 

Ted’”0'0Sa  S»i“l"'S! 

members  of  th  demonstrat 
Occasion  for  th  hos!!]i; 
was  the  conclu3‘  the  virtual  s 

and  recogn^^^ent*1  * 
pletion  of  the  [eWii 

of  the  Laboratory^  tobeCj 
ing  projects  a ^ 1945.  Tl 

pleted  by  the  most  p& 

ataff  of  SSf  * *. 

alreadf.  "“"“dutnd  »«' 
_da.^»aiEteS.  or  1" 
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The  tumult  and  the  shouting  dies, 

The  Captains  and  the  Kings  depart, 
Still  stands  Thine  ancient  sacrifice, 

A humble  and  a contrite  heart. 

Lord  God  of  Hosts,  be  with  us  yet, 
Lest  we  forget— lest  we  forget! 

— Rudyard  Kipling 


INSULATION  TESTERS,  GROUND  TESTERS  AND  OHMM^  .^SCIENTIFIC  APPA^VrUS 

METERS  . “JAGABI”  RHEOSTATS  • INDICATING  HAND  TAC 

IONICS -October  1945 

bSS&v  I To 


Diaitized  bv  * 


'o  Our  Customers  and  Friends 

You  and  we  have  worked  together  through  four  of  the  world’s  most  tragic  years, 
ir  common  interest  in  a common  cause  has  strengthened  old  business  fnendsh.ps 

d has  made  many  new  ones.  For  this  we  are  grateful. 

This  experience  of  mutual  respect  and  confidence  is  cm,  result  of  the  war  that 
,11  be  carried  over  to  the  problems  of  peace.  It  is  the  very  stuff  that  will  assure  pro  t- 

>le  business  at  home  and  better  relations  with  our  neighbors 

We  of  the  Biddle  Company  fortunately  have  no  factory  problem  of  reconversion, 
or  the  most  part,  we  make  the  same  testing  instruments  for  industry  at  peace  as 
ere  required  for  war.  And  as  more  of  our  products  become  available  for  mdustnal 
nd  rehabilitation  purposes,  we  will  continue  to  serve  you  in  good  fai  h 
o the  best  of  our  ability.  _ _ 

JAMES  G.  BIDDLE  CO. 

. c Phllarielnhia  7,  Pa. 


rnoto  Cou/r.sy  at  Stanley  Too  It 


use  KESTER  FLUXES 
for  Permanence! 

* D°n1  ■“  -Mcultl...  laS1~ 

Chemically  carr«TiL_^  jS  "°n''  hold  ttjhll 

«<  typ..  it  ior  dUte- 

soldering.  That'*  »h*  ir^f  ' *.:,Te  *or  permanent 
colly  compounded  to  form  fliUXe*  ®,e  BclentIfl- 
reslBtcmt  to  shock.  vibration k 5 j!?  clean  Bolde'-bonds 
expansion.  They  insure thelS,  ben*”«'  contraction  and 
* Fo7”  „ ***  oi  product l 

* Consult  K“  7"* 

b ■0W“e  a”J  “““  problem  yl^l.^°^.h.lP 

product— and  at  no  obligation. 

•Ur  VICTORY  RONDS 

KESTER  SOLDER  COMPANY 

jvcNa"Ed.  cph;cago  3«.  in. 

"•  Canadlan  Plant.  Branllord.  Onl. 


from  which  they  h« 
crmted.  A small  staff 
prepare  material  for  t: 
tion  of  about  30  volume! 
cal  information  on  mien 
mques  and  electronic  de 
produced  at  the  Laboral 


meetings  to  c 

Sept.  27-28;  Sodthwasii 
Baldwin  Locomotive 
Strain  Gage  Conference 
Astoria  Hotel,  New  York! 

Oct.  15-17 ; Socieiy  of  Mi 
ture  Engineers,  58th  Sen 
Fall  Conference:  Hotel 
vania,  New  York,  N.  i 
Smith  Jr.,  Executive 
Hotel  Pennsylvania. 


Oct.  16-18;  Carnegie  Ins 
Technology  and  Instru: 
ciety  of  America,  Educati 

ference  on  Instrumental 
burgh,  Pa.;  committee  < 
Dr.  B.  R.  Teare  Jr.,  head 
ment  of  Electrical  Eng 
Carnegie  Institute  of  Ta 
Pittsburgh  13,  Pa.  Invitati 
plication  only. 


Oct.  18-20;  Optical  Sot 
America,  Thirtieth  Annul 
ing,  Hotel  Pennsylvania,  N 
N.  Y.;  Arthur  C.  Hardy,  st 
MIT,  Cambridge  39,  Mass, 


Oct.  19;  Institute  of  Rad: 
NEERS,  Cedar  Rapids  Sectio 
phase  Broadcasting,  by  Pan 
WHO,  and  Dehydration  bj 
Frequency,  by  M.  R.  Himn 
tratherm  Co. ; Younkers  Te 
Des  Moines,  Iowa;  J.  A.  Gre 
retary  Collins  Radio  Co.,  855 
N.  E.,  Cedar  Rapids,  Iowa. 


Nov.  27;  Institute  of  Rad 
gineers.  Cedar  Rapids  Sect! 
dilators,  by  Professor  W.  I 
sell,  Iowa  State  College;  J.  A. 
secretary,  Collins  Radio  Cc 
36  St.,  N.  E.,  Cedar  Rapids,  I 


Jan.  23-26 ; Institute  of  Radi 
gineers,  Winter  Technical 
ing;  Astor  Hotel,  New  York,  1 
E.  J.  Content,  chairman  of  nit 
committee,  WOR,  1440  Broai 
New  York  18,  N.  Y. 


WASHINGTON  NEWS 

Surplus  electronic  equipk 
Electronic  equipment  and  comfl 
cation  gear  constitutes  the  lo 
largest  class  of  military  ,l( 


October  194!-iLKnO 


• PRECISION  WIRE  WOUND  RESISTORS 
• WHEATSTONE  BRIDGES 

• RADIO  & ELECTRONIC  TEST  EQUIPMENT 
• RADAR  ASSEMBLIES 


all  CufssW  c brUNEAU  1 

Mil,  SsJ  R-  3'  1 

CT.1M;Cb  Electron108  al  1 

MVtes  order.  ^ expansion  1 

»»W®,  “Ea5le,iJ  from  the  Radio  In-  1 
TO® I®  and  gr°v  jtich  many  v/iU  I 

‘“"ST  a°rted  i"  1924  “ 

reca  mL  We  have  grown  1 
Boston,  Mass.  laSt  few  1 

»Pil">  jU"e  bo»ily  1 

f®  a"d  ” ,.ls  producing  1 

('T^ndalc,  '‘"'/“'“r,  1 

leSXund  decign  of 
ir  In*  resea  „rfi;ne  instru-  I 
,eters  and  « ^apman,  I 
lents;  and  work  in  l 

ell  recognized  for  ins  \ 

iltra  high  Eretf  , 0\d-timers  1 

ind  Radar.  You  r Ringer  1 

should  recall  Bob  tu  B 
formerly  a P»rtner  ® 

Hixon  Electric  Co.,  Boston 

Our  engineering  an  I 

I 

can  be  assured  our  p 

will  meet  the  most  r,f  ...  * alUi 
fications,  both  for  quality 

performance. 

Sincerely, 


KORECT-OHM  RESISTORS 

General  Specifications 

To  insure  stability  Korect-ohm  resistors  ore  aged  and  treated  to 
relieve  strains  due  to  winding  before  the  final  adjustment  is  made. 

Final  resistance  adjustment  to  an  accuracy  of  better  than  .1%. 

TEMPERATURE  COEFFICIENT.  Resistors  are  wound  with  selected 
alloy  wire  having  a resistance  change  vs.  temperature  of  less  than 
08%  between  -55°C  and  + 55°C.  For  application,  where  space 
i,  a factor,  resistors  are  wound  with  an  alloy  wire  having  a re- 
sistivity  of  650  ohms  per  circular  mill  ft.  the  resistance  change  « 
temperature  of  this  high  resistance  alloy  Is  .5%  ± between 
— S0°C  and  +50°C. 

Many  years  of  experience  in  the  making  and  applying  resistors 
for  precision  instruments  and  electronic  equipment  places  us  in  a 
position  to  cooperate  with  you  in  supplying  the  right  resistors  for 
your  particular  need.  17 


Korect-ohm 

Type  CC  low 
temperature  co- 
efficient maxi- 
mum resistance 

250.000  ohms. 
Type  NC  maxi- 
mum resistance 

500.000  ohms. 


Korect-ohm 
Type  NA  maxi- 
mum resistance 
1 million  ohms. 


Korect-ohm 
Type  CA  low 
temperature  co- 
efficient ranges 
from  a few 
ohms  to  500,- 
000  ohms. 


Korect-ohm 
Type  CB  low 
temperature  co- 
efficient maxi- 
mum resistance 
500,000  ohms. 
Type  NB  maxi- 
mum resistance 
1 million  ohms. 


We  will  make  special  resistors  to  any  value  and 

tolerance.  . . 

Our  regular  line  of  resistors  are  available  fo 

immediate  delivery. 

Watch  our  Ads  for  New  Items. 


41  CHESTNUT  STREET,  NEW  HAVEN,  CONN. 

Chicago  Sales  Office 

8os,on  Sa,es  Office  . R,  t 2753  West  North  Ave. 

'Vr*'"”  Squ-r.  B”Um0"  & t“nibold.  6,09 

'el.  Capitol  2425 


No.  5 o fa  Series 


modern 

COIL  WINDINGS 

Partial  V,ew  of  Assembly  Department 

Now  as  .e  „ |„  P,  duC'n9  w,lr"'  essentials. 

be  devoted  to  oe!  7 ■ 7 "*•  ^ « 

peacetime  industry. 

Our  28  years  of  experience  are  at  your 

ZZ7 a d P y°U  Wlth  moder"  «» 

design  and  construction. 

COTO-COIL  CO.  INC 

C°IL  SPECIALISTS  SINCE’ 1917 

“ PA,,U°N  *«■  "POVIOLmcs  , 


for  disposition  by  Rfl 

Finance  Corp.  The  tw0 

are  electron  tubes  wi| 
1Dal  cost  of  $15,989,00 

304,000.  8nd  8Ubassembl 

FCC  applications.  On 
1945,  FCC  issued  a pi 
outlining  the  procedure 
handling  standard  broai 
cations  under  their  exis 
It  was  announced  that 
Period  would  be  provid 
filing  of  new  applicat 
manpower  and  materi 
reach  the  situation  wh< 
licensing  practice  is  to  l 
lished.  This  60-day  peric 
nounced  to  have  comma 
fiing  on  August  7,  1945.  , 
will  not  be  required  to  i 
they  have  the  necessary  i 

on  hand.  After  October  7, 
consider  applications  S 
viously  and  also  those  fib 
the  60-day  period.  Howevei 
television  applications  a 
acted  upon  until  regulati 
been  adopted. 

WPB  CONSOLIDATION.  T1 
and  transport  bureau  of  V 
been  abolished  and  its  i 
transferred  to  the  equipre 
reau,  all  except  the  Radio  an 
Division.  This  organizat 
longer  comes  under  bureau . 
out  is  now  under  the  office 
operations  vice-chairman. 


To  permit: 

W?XLA  l 
Denver,  Colo. 


Cincinnati.  Ohio 

Gallup,  N.  M. 
Findlay,  Ohio 


WSSV 

Petersburg,  Va. 


FCC  ACTS 


To  do  this: 

Operate  with  dunged  ii 
43.5  ric  and  dm 
changed  iroai  tampon 
! experimental  high-fret 
developmental  broaden 
power. 

Construct  new  eUtion  k 
WCPO  on  freqvenciw  < 
35.680,  37,080.  39.261 
10  w power. 

Construct  new  station  to  op 
1230  be  at  250  w,  unlwt 

Construct  naw  raby  b 
station  on  frequencies  of 
33.740,  35,820  end  37.1 
with  25  w power. 

Operate  newly  constructed 
on  1 240  be,  250  w,  snlinitt 


Construct  new  station  to  re 

Grand  Island,  Neb.  KM MJ  on  30,820,  l 
35,820  and  37,980  ke 
power. 

WHGB  Qpmk  • n«ly  «’"**'* 

H.rmbyr*.  P«.  Uon  m 1400  kc  «»  1 

ItatedUM 


Ottobtr  WI-UKllOH 
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excellence 


anyon.iake  a good  deal 
in  our  famous  T-LINE 
OltMERS.  Similar  units 
1 produced  and  adver- 
I minv  of  our  competi- 
> lone  ago  realized  that 
INf  Housing  was  a su- 
fasins  in  many  respects 
fas  hy  years  the  un- 
open-iype  Transformers 
S by  other  Transformer 


frtional  features  of  the  famous 

KENYON  T-UNE 


• excellent  Appearance 
' Universal  Mountings 

>9  tenters  remain  exact  because  they 
•punched  all  at  the  same  moment  in  a 


' A Manufacturer's  Dream 

provide  an  Ml 

thonieal  design  that  can  bo  made 
from  plentiful  materials. 

1 is  extremely  satisfied  with  its  outstanding  engint 
^ ln  the  early  1930's  was  years  ahead  of  its  time. 

Uf  wgineers  are  indeed  proud  to  be  the  originators 


The  KENYON  T-LINE  case 


of  such  a popular  design  and  point  to  its  duplication 
the  continued  development  of  outstanding 


’fiMnyon  engineering  intends  to  maintain  its  place  as  a pioneer 
^former  Equipment. 


let  us  help  you  with  your 

CRYSTAL  CONTROLLED  CIRCUITS 


To  Permit 

KRMD 

Slwavapgrt.  La. 
KXOA 

S*o#mtnio.  Calli. 

WKAQ 

San  Juan, 

Puwto  Rico 

WHTB 

T«llid«si,  Ale. 


To  do  Ait 

®*>se  Me,,,  | 
™ «*«*<« 

9>>w«  • anl, , 

“00  on  1490  lc. !! 

OPOIU  IBOvoj  ,M 

nod  lunHiory  Ooowi 

(hen,,  MUnm  . 

*"dad  Moi 


to  WO  »c  region  *j 
'O  oo  «us»*j  „ 
opodil,  «d  Speed 
T™.  poor  I U (M 
*»*l-  Abo  to,*, 
Ptrimentel  ltlevi»M 
onhaqaenciestobe, 
Al,  A3,  AS, Specie 
tor  to  tmiaioot 


W8XRA 

Now  York,  N.  Y. 


Oporoto  a red, 
d«vtiop*tnU|  bred 


A"1B;  DuMo"'  Condnrd  poriaW,., 


Lib*.,  Inc. 
N«W  yorfc,  N.  y. 


— puinii^ 

aiantel  television  id 
A«  480  lo  9*0  k 
trequoncit,  to  bra 
Special,  and  Scad 
aaibdom,  1 In  (pd 
•ml  power. 

Emmon  Radio  « Conebad  m A 
™«o*»phCorp.  trade*  nation  on!, 
N«,  York,  N.  Y.  baasdgnad.  AO,  A3, 

•mWoo  fen  l-n 


The  pubhc  may  be  very  beppy  jusf  to  ^ 
new  automobile.  But  they  ere  conditioned  t< 
Pcct  the  postwar  domestic  radio  to  be  dif- 

ConLledWllt  PreC“i0n  qUW  °f  CryS,al 

Through  the  war  we  have  learned  a lot  about 

is  at“the°d  7lsCry!tafe'  *nd  "*  ‘—U* 

and  oth  7 °f  ma"uf«*™  oT  radio,  fm 
nd  other  electronic  devices. 


F.  Novy 
Rfvmide,  III. 


General  Railway 
Signal  Co. 


KUSC 


Constnid  m dr 
broadcast  station  on  In 
be  amigntd.  AO,  A 
emtolon  for  f-m. 

Conitrud  and  opeah 
experimental  Clan  2 
•nd  portable-mobik 
How  in  yard  and  tendaa 
along  (ha  roads  of  pri 
roads.  Frtqwnoc  al 
assigned.  Power  b 60  r 
At,  A2,  A3,  end  Sped 
and  hoars  of  opsritioi 


Los  Angeles,  Calif,  non-commercial  aducati 
cast  station  to  Dec.  51, 


W3XO  Operate  at  new  sit*  wd 

Washington,  D.  C.  of  station  changed  be  I 
class  2 ejperiwrtt 
frequency  broadcad  to 
mental  broademt 


nd  when  you  know  what  crystals  you  need 
°Ur  ^a"%-Prcductio„  methods  ere  reedy  to 

r/T; wi,h  r*  ,o  y°ur  ^ s>>«i««- 

within  v me'  u "’  a"d  a*  a Prica  *»♦  wi"  be 
within  your  production  budget. 

PAN-ELectronics  LABoratorie*,  Inc. 

500  Spring  St.,  N.  W.  A.i 

Atlanta,  Georgia 


KIT 

Yakima,  W«h. 


Operdt  with  dur;t is  W 
equipment 


Constnid  new  station  to  05 

Suit  Colltsa,  Pa.  H50  kc,  550  «,  tohM 


KLS 

Oakland.  Calif. 

Bcndia  Aviation 
Corp. 


Change  calls  latian  to  KVI 


Comkwd  Am  dwded 
mental  Ota  ! pokW*  t 
table-uobila  *S«  ^ 
ate  lot  aapwkaaa*  “J 
with  At  Jtnhpw*  « 
ol  raikotd  wto  «*’* 
systems.  Compo*  ** 
wifi  operate  at  1 0 w,  wA  A 
A3,  and  Special  miooom 
(telephony}  oa  hnx** 
assigned, 

Halstead  Traffic  Constnid  and  W •*  l*V| 

Communications  perimentsl  CIs*  2 _ 

Corp.,  w«  H>  determine  rditrrt  * 

Weohawken,  N.  J.  f-m  and  a-m  (««»"! 

between  a cenhal  (fat  wd 

ins  kains  « ’"T 

puanciBwillbandPWl 

Raytheon  Mis.  Co,  Comtiud  B« 

raley  sUtkms  A h 
tween  Boston  and  N*"  J 
Intermediate  be**  *1 
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MOUNT 

HIM 

SIGHT! 


Much  at  he  would  like  to  be,  he'i  no  hero,  this  permanent  magnet.  However, 
he  should  be  well  mounted.  He  doesn't  need  a pedestal  so  that  all  the  world 
can  admire  him,  but  he  does  need  to  be  so  designed  that  he  can  be  mounted 
properly  in  the  instrument  or  machine  he  is  to  serve.  Otherwise  he  may  sulk 
wd  loaf  on  the  job. 

Most  permanent  magnets  are  prepared  for  mounting  in  one  of  three  ways: 

1.  By  cotflig  small  holes  or  slots  or  shaft  holes  into  the  magnets 

2.  By  easting  soft  iron  inserts  into  the  magnet 

3.  By  easting  the  magnet  into  a housing  wail 

But  which  method  to  choose  . . . that's  the  probleml 

The  selection  of  the  proper  mounting  for  a magnet  need  not  be  too  trouble- 
some once  the  advantages  and  disadvantages  of  all  methods  are  understood. 
Our  engineers  will  be  glad  to  advise  on  this  point  at  any  time  but  perhaps 
a reading  of  our  pamplilet  PERMANENT  MAGNET  DESIGN  will  be  helpful 
to  those  designing  their  own  magnets.  Shall  we  send  you  a copy? 


ro-cc-i 
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Permoflux  Speakers  and  Transformers 
Set  New  Standards  of  Comparison! 

New  Permoflux  ipeakeri  in  a complete  range  of  true-dimensioned 
sizes  from  2"  to  15",  with  power  handling  capacities  from  1 to  20 
watts,  provide  the  finest  sound  reproduction  for  every  application. 

Permoflux  midget  transformers,  with  their  many  practical  circuit 
applications,  have  literally  revolutionized  efficiency  concepts  where 
size  and  weight  are  determining  factors. 

Advanced  engineering  designs,  improved  manufacturing 
methods  and  new  materials  have  all  contributed  their  share  in  the 
development  of  Permoflux  speakers,  transformers,  microphones 
and  headphones.  You  can  count  on  Permoflux  to  provide  an  acous- 
tical unit  to  suit  your  exacting  requirements. 

BUY  WAR  BONDS  FOR  VICTORY! 


PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


To  permit: 

To  do  this* 

Lexington,  Mass., ' Bristol  and 
Tolland,  Conn.,  and  Webster, 
Mow.  Experimentation  will  involve 
Clow  2 point-to-point  radio  sta- 
tions to  develop  now  techniques 
for  the  transmission  and  relaying  of 
high  definition  and  color  tele- 
vision programs,  high-fidelity  fm 
•nd  telephone,  telegraph  «nd 
facsimile.  Power  of  1 00  w will  bt 
usad  on  frequency  bands  to  bt 
assigned. 

WLBZ 

Bangor,  Maine 

Change  from  directional  antenna 
day  and  night  to  directional 
antenna  night  only. 

WMAZ 
Macon,  Ga. 

Operate  with  nighttime  directional 
antenna  pattern  from  i 5 min  before 
local  sunset  to  1 5 min  after  local 
sunrise  during  those  months  in 
which  the  average  hour  of  local 
sunset  and/or  local  sunrise  occurs 
on  the  quarter-hour  or  three- 
quarter  hour. 

Seaboard  Air  Line  Construct  four  experimental  Clan  2 '( 

Railway  Co.  portable  and  portable-mobile  its-  \ 

tfons  to  investisate  possible  im- 
provement! in  public  Iramporta-  li 
lion.  Frequencies  are  to  be  . J 
assigned,  power  ii  95  w with 
Special  emission  lor  l-m 
(telephony). 

Raytheon  Mfg.  Co.  Construct  experimental  Class  1 i 
portable  radio  station  (or  conduct  . j 
of  field  strength  measurements  and  , | 
determination  of  propagation  char- 
acteristics from  a series  of  Weston 
mountain  peaks.  Frequencies  will 
be  assigned,  power  950  w with 
Special  emission  for  f-m. 

Southwestern  Tele-  Construct  one  experimental  Class  2 
phone.  Telegraph  radio  land  station  and  twelve  port- 
& Power  Co.  able  mobile  stations  to  be  installed 
in  repair  trucks  and  supervisory 
cars.  Frequencies  will  be  aligned. 
Power  250  w for  the  land  stations 
and  15  w for  the  portable-mobile  J 
station  with  Special  emission  for 
f-m. 


BUSINESS  NEWS 

i 

Bendix  Aviation  Corp.  anticipates 
the  early  installation  of  radar  net- 
work systems  which  will  make  all- 
weather  flight  a reality.  Using 
radar  landing  techniques,  airlines 
will  be  able  to  take  off,  fly,  and  land 
safely  under  all  weather  conditions 
short  of  a full  gale. 

Otronics  Company  of  America,  i 

lnc.  New  York,  N.  Y.,  is  a new  com-  i 
pany  formed  to  handle  a newly  de- 
veloped aid  to  hearing. 

Halstead  Traffic  Communica- 
tions Corp.,  New  York,  N.  Y.,  has 
been  acquired  by  Farnsworth  Tele- 
vision and  Radio  Corp.,  Fort  Wayne, 

lnd.  The  Halstead  engineering  staff 

as  well  as  the  laboratory  and  manu- 
facturing facilities  will  be  trans- 
ferred to  Fort  Wayne. 

Audar,  Inc.  is  the  name  of  a newly 
formed  corporation,  an  affiliate  of 
John  Meek  Industries,  Inc.,  Chicago 
111.  It  will  manufacture  and  sell 
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There  is  a 

FIBERGLAS 

Insulation  Material 
for  every  need 


Fiberglos-Mica  Sheets  or  Tapes 
are  available  in  thicknesses  from 
.004"  to  .030"— with  Fiberglas 
facings  on  one  or  both  sides. 


thickness  of  mica  tape  with  silk  or 
paper  backing— thus  reducing  appli- 
cation time. 

Typical  Applications 

Fiberglas-Mica  combination  materials 
are  used  wherever  there  is  a need  for 
maximum  reliability  under  high  tem- 
peratures, either  internal  or  external; 
where  mechanical  service  is  most 
severe,  where  a maximum  safety  factor 
is  required.  Its  chief  use  is  as  ground 
or  slot  insulation  in  motors  and  gen- 
erators, as  phase  insulation  in  large 
a-c  apparatus,  or  as  coil  insulation  be- 
tween high  and  low  voltage  sides  of 
dry-type  transformers. 

Complete  Information 
If  you  do  not  have  complete  informa- 
tion about  Fiberglas-Mica  combina- 

lions,  write  for  the  new  EL  44-7  cata- 
log, today.  It  also  contains  data  on 

Fiberglas  Tapes,  Sleeving,  Cord,  etc. 
The  name  of  the  Fiberglas  Insulation 
Materials  Supplier  located  nearest  to 
vou  will  be  supplied  on  request. 

Owens-Coming  Fiberglas  Corporo- 
tion,  1860  Nicholas  Building , Toledo 
1,  Ohio. 

/„  Canada.  FibtrfUu  Canada  Ud.. 

Oshawa,  Ontario . 


■Mica  has  exceptional 


Fiberglas- 
strength,  permitting  use  of  I 
ner  tapes  for  conductor  or 
insulation. 


Write  for  catolog  El  44-7,  today. 

, distributor  of  Flb.rgla.-bas.  In.u- 
Materials  has  hi.  own  score,  o 
ply,  .Inc.  Ow.n.-Corning  fiberglo« 
p does  not  proc...  these  materials. 


Fiberglas 


SUCTRONICS  — October  f 94S 


Digitized  by 


One  of  hundreds  of  basically  different 
filter  types  -produced  by  Audio 
Development,  this  unit  has  been  de- 
signed principally  for  the  use  of 
broadcasting  stations  and  recording 
studios.  The  filter  consists  of  a single 
prototype  low  pass  and  a similar  high 
pass  filter  section,  each  with  eight 
different  cut  off  frequencies.  This 
permits  the  selection  of  a proper  cut 
off  frequency  for  any  application. 


Attenuation  of  at  least  18  DB  per 
octave  is  obtained  for  both  high  and 
low  pass  sections  with  the  insertion 
loss  in  the  pass  band  less  than  1 DB. 
Coils  are  individually  shielded  to  per- 
mit normal  operating  levels  between 
— 40  and  +14  VU.  Standard  imped- 
ance is  600  ohms.  Mounting  facilities 
are  provided  within  the  unit  for  trans- 
formers, thereby  permitting  operation 
in  systems  of  any  impedance. 


sound  systems  and  audio  amplifiers. 

Syracuse  University,  Syracuse,  N. 
Y.,  plans  to  install  a wired  televi- 
sion system  for  use  in  the  conduct 
of  classroom  equipment  experiments 
as  well  as  program  instruction.  Gen- 
eral Electric  Co.  will  be  the  supplier. 

Radio  Corp.  of  America  adds  to  its 
present  list  of  products  a complete 
line  of  dry  batteries.  They  will  be 
handled  by  the  tube  division  in  con- 
junction with  RCA,  tubes  and  parts. 

Sylvania  Electric  Products,  Inc. 
is  leasing  an  armory  building  in 
Scranton,  Pa.,  to  serve  as  a new 
tube  feeder  plant  for  the  Williams- 
port, Pa.  electron  tube  factory. 

•’General  Electric  Co.  has  an  order 
from  Don  Lee  Television  and  Don 
Lee  Bradcasting  Systems,  Holly- 
wood, Calif.,  for  a 40-kw  television 
transmitter.  The  plan  is  to  install 
the  gear  5,800  ft.  above  sea  level 
on  Mount  Wilson  and  use  the 
present  facilities  of  Station  W6- 
XAO  in  Los  Angeles  as  a relay  sta- 
tion and  studio  site. 

E.  I.  Du  pont  de  Nemours  & Co. 
begins  production  of  luminescent 
chemicals  for  cathode  ray  tubes  in 
its  new  Towanda,  Pa.  plant.  This 
facility  is  in  the  Patterson  Screen 
Division  of  the  photo  products  de- 
partment and  involves  the  latest  in 
equipment  and  techniques  for  zinc 
and  cadmium  phosphors  for  specific 
applications. 

Vulcanized  Rubber  Company 
changes  its  name  to  Vulcanized  Rub- 
ber and  Plastics  Co.  Facilities  are 
located  in  New  York  City  and  Mor- 
risville.  Pa. 

Radio  Corp.  of  America  has  re- 
ceived from  a B-25  bomber  crew  a 
Radiotron  carton  which  bears  battle 
autographs  including  Salerno,  Al- 
giers, Avellino,  Corsica,  Bizerte, 
Tunisia,  Rome,  and  Naples.  One  of 
the  crew  members  is  the  son  of  a 
worker  in  the  Harrison,  N.  J.  tube 
plant. 

International  Detrola  Corp.  pro- 
poses to  merge  Utah  Radio  Products 
Co.,  Chicago,  111.,  and  Universal 
Cooler  Corp.,  Marion,  Ohio,  into  its 
organization.  The  group  and  their 
subsidiaries  own  and  operate  a total 
of  nine  manufacturing  plants  in  this 
country  and  two  in  Canada. 

F.  J.  Stokes  Machine  Co.,  Phil- 


DO  YOU  HAVE  A FILTER  PROBLEM? 


2833  13th  Ave.  S.,  Minneapolis,  Minn. 
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Let’s  look 
under 

THEIR  BUSHELS! 


Many  and  valuable-even  spectacular- are  the 
■ wartime  achievements  of  the  electronic  indus- 
try.  On  land,  at  sea  and  in  the  air,  men  and 
fighting  equipment  have  moved  into  action  with  amazing 
synchronization-victories  have  been  won-many  lives  and 
days  have  been  saved-through  the  direction,  guidance  and 
safety  of  electronic  creations.  The  contributions  of  elec- 
tronic devices  to  all-time  war  production  records  here  at 
home  are  equally  amazing.  In  fact,  the  needs  of  war  have 
given  such  immense  impetus  to  the  value  of  electronics  in 
the  communications  and  industrial  fields  that  it  has  become 
one  of  our  Nation’s  great  industries  whose  peacetime 
future  is  full  of  rich  promise. 

This  war-stimulated  progress  reflects  great  credit,  in- 
deed, on  the  genius  and  resourcefulness  of  the  entire  elec- 
tronic industry-and  especially  on  the  tube  manufacturers 
of  America.  For  largely  because  of  their  pioneering  accom- 
plishments in  developing  and  supplying  new  kinds  o tu  es 
for  the  many  new-found  war  uses,  along  with  improving 
existing  types,  has  it  been  possible  to  put  electronics  to 
work  in  so  many  places.  Making  tubes  is  not  our  business. 
Yet  we  at  Speer  are  keenly  aware  of  the  almost  incredible 
wartime  record  achieved  by  those  who  do  while  taking 
little  or  no  credit  for  themselves.  For  their  vital  — thoug 
still  largely  censored  and  unheralded  role  in  gaining 
Victory,  it  seems  uniquely  fitting  to  say  Well  done  to 
all  tube  manufacturers,  many  of  whom  it  has  been  our 
privilege  to  serve. 


SPEER 

CARBON  COMPANY 
ST.  MARY'S,  PA. 


PRODUCERS  OF  ELECTRONIC  TUBES 

Amperex  Electronic  Products 
de  Forest  laboratories,  Lee 
Eitel-McCuilough,  Inc. 

Electronic  Enterprises,  Inc. 

Federal  Telephone  ond  Radio  Corp. 
General  Electric  Co. 

General  Electronics  Company 
General  Electronic  Industries 
Heintz  & Kaufman,  ltd. 

Hytron  Corp. 

Ken-Rad  Tube  & Lamp  Corp. 

Machlett  Laboratories 
National  Union  Radio  Corp. 

North  American  Philips  Co. 
Raytheon  Mfg.  Co. 

Radio  Corp.  of  America 
Sal-Mar  laboratories 
Slater  Electric  & Mfg.  Co.,  Inc. 

Sperry  Gyroscope  Co.,  Inc. 

Sylvania  Electric  Products,  Inc. 
Taylor  Tubes,  Inc. 

Translite,  Inc. 

Tung-Sol  lamp  Works,  Inc. 

United  Electronics  Co. 

Western  Electric  Co.,  Inc. 

Westinghouse  Lamp  Div., 

Westinghouse  Electric  & Mfg.  Co. 


JCHICAGO  • CLEVELAND  • DOW" 
[JIlWAUKiE  • NEW  YOWL  • PITTSBURGH 
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in  COMMUNICATIONS-ELECTRONICS 


Scientific  progress  is  entering  upon  a new  productive  era.  Now 
is  the  time  to  step  up  your  knowledge.  Be  ready  for  new  ideas 
. . . profitable  opportunities.  Look  over  the  important  titles  listed 
below.  Then,  make  your  selection  and  order  from  the  coupon  today. 

PRINCIPLES  OF  RADIO— Fifth  Edition 

By  Keith  Henney 

1945  534  Pages  S3. 50 

Designed  for  those  with  or  without  technical  training  in  radio  who  want  a 
working  knowledge  of  the  basic  principles  of  radio  communications.  Starts  with 
the  fundamental  principles  of  electricity,  and  gradually  develops  the  subject  of 
radio  practice.  Thoroughly  revised  to  include  recent  developments  and  future 
methods. 


FIELDS  AND  WAVES  IN  MODERN 
RADIO 

By  Simon  Ramo  and  John  R.  Whinnery 

1*44  503  Pages  $5.00 

An  authoritative  coverage  of  this  field,  requiring 
only  a basic  knowledge  of  elementary  calculus 
and  physics,  which  gives  a rigorous  account  of 
the  technique  of  applying  field  and  wave  theory 
to  the  solution  of  modern  radio  problems. 

HYPER  AND  ULTRA-HIGH  FREQUENCY 
ENGINEERING 

By  Robert  I.  Sarbacher  and  William  A.  Edson 
1943  644  Pages  $3.30 

A practical  treatment  of  an  important  new  branch 
of  communications  engineering,  requiring  no 
special  advanced  knowledge.  Of  value  to  the 
beginner,  aa  well  as  to  those  having  some 
familiarity  with  the  subject. 

FUNDAMENTALS  OF  ELECTRIC 
WAVES 

By  Hugh  H.  Skilling 

1942  186  Pages  $2.73 

Discusses  the  principles  of  wave  action  aa  ap- 
plied to  engineering  practice,  with  particular 

emphasis  on  the  basic  ideas  of  Maxwell’s  equa- 
tions and  repeated  use  in  simple  examples;  also 
on  physical  concepts  and  mathematical  rigor. 

APPLIED  ELECTRONICS 

By  the  Electrical  Engineering  Staff,  Massa- 
chusetts Institute  of  Technology 

1943  772  Pages  $6.50 

Provides  a thorough  understanding  of  the  char- 
acteristics, ratings,  and  applicability  of  electronic 
devices.  Gives  a working  knowledge  of  the 
physical  phenomena  involved  in  electronic  con- 
duction, plus  its  applications  common  to  various 
branches  of  engineering. 

PRINCIPLES  OP  ELECTRONICS 

By  Royce  G.  Kloeffler 

1942  175  Pages  $2.50 

Tells  clearly  and  simply  the  story  of  electron 
theory  and  the  operation  of  the  electron  tube. 
Beginning  with  the  discovery  of  the  electron 


and  the  forces  of  attraction  and  repulsion  of 
charged  particles,  the  entire  action  taking  place 
in  electronic  devices  is  carefully  explained. 


HIGH  FREQUENCY  THERMIONIC 
TUBES 

By  A.  F.  Harvey 

1943  244  Pages  $3.00 

Gives  the  details  of  these  important  new  tubes 
and  describes  the  experimental  work  that  has 
been  done  with  them.  Presents  a thoroughly 
comprehensive  account  of  the  properties  of 
thermionic  tubes  at  very  high  frequencies  and 
their  relation  to  those  of  the  associated  electric 
circuits. 

THE  TECHNIQUE  OP  RADIO  DESIGN 

By  E.  E.  Zepler 

1943  312  Pages  $3.50 

Thoroughly  practical,  this  treatment  of  radio 

design  deals  with  the  day-to-day  problems  of  the 

radio  engineer,  both  *in  the  development  and  in 
the  testing  of  radio  receiving  apparatus  of  all 
types. 

ELECTRON  OPTICS  AND  THE  ELEC- 
TRON MISCROSCOPE 

By  V.  K.  Zworykin,  G.  A.  Morton,  E.  G.  Ram- 
berg,  J.  Hillier,  and  A.  W.  Vance 
1945  Approx.  Pages  759  Probably  $10.00 
A comprehensive  coverage  of  the  entire  field, 
presenting  a thorough  discussion  of  various  types 
of  electron  microscopes,  and  offering  a survey 
of  theoretical  and  practical  electron  optics. 

TIME  BASES— (Scanning  Generators) 

By  O.  S.  Puckle  ^ . 

1943  204  Pages  $2.75 

Covers  the  subject  from  both  the  design  and  the 
development  points  of  view;  assembles  more 
time  bases  circuits  than  have  heretofore  been 
available  in  one  volume. 

HOW  TO  PASS  RADIO  LICENSE 
EXAMINATIONS— Second  Edition 

By  Charles  E.  Drew 

1944  320  Pages  $3.00 

This  revised  edition  of  a well-known  book  offers 
recent  material  for  amateur  radio  operators, 
radiotelephone  and  telegraph  operators,  whether 
in  the  broadcasting,  marine,  aeronautical,  or  any 
other  field  of  transmission  or  reception. 


'ON  APPROVAL  COUPON" 


JOHN  WILEY  & SONS,  Inc. 

440  Fourth  Av«.,  New  York  16,  N.  Y. 


Please  send  me  on  ten  days’  approval  the  books  I have  checked  in  this  advertisement 
(or  I am  attaching  to  this  coupon  a separate  list  of  the  books  desired).  At  the  end  of 
that  time,  if  I decide  to  keep  the  books,  I will  remit  indicated  price  plus  postage; 
otherwise  I will  return  the  books  postpaid. 


Address  

City  and  State. 
Employed  by . . . 


adelphia,  Pa.,  will  manufacture  andB 
sell  the  all-electronic  drying  systemH 
developed  by  RCA  to  produce  p«ni-H 
cillin.  S 

The  Robinson-Houchin  Optical  Jr 
Co.,  Columbus,  Ohio,  has  changed  91 
the  name  of  its  electronic  equip- 11 
ment  from  Radiotone  to  Rad-0-  39 
Recorder.  |l| 

Industry  Inventions,  Inc.  has 
been  established  in  Ohio  to  license 
the  use  of  electronic  vulcanization 
in  the  manufacture  of  rubber  and 
plastic  products.  Available  patents 
will  be  those  held  by  B.  F.  Goodrich 
Co.  and  Firestone  Tire  & Rubber 
Co. 

Stromberg  Carlson  Co.,  Rochester, 

N.  Y.,  is  building  a $300,000  annex 
with  a capacity  of  60,000  sq.  ft. 
Space  will  be  used  for  making  cab- 
inets. 

Majestic  Radio  & Television  Corf. 
is  building  a new  factory  just  north 
of  the  Elgin,  111.,  city  limits.  The 
plant,  the  company’s  third,  will  in- 
volve about  160,000  sq  ft  with  plans 
for  expansion  to  243,000. 

Viewtone  Co.,  New  York,  N.  Y.  has  |: 
introduced  the  low-cost  table  model  | 


television  receiver  illustrated  here- 
with. It  is  designed  to  retail  at 
approximately  $100. 

Meissner  Mfg.  Co.,  Mt.  Carmel, 
111.,  is  purchased  for  cash  by 
Maguire  Industries  and  mer^ 
with  the  latter  concern  as  an  inde- 
pendent division.  No  changes  are 
planned  in  policy  or  operation  ex 
cept  that  there  will  be  an  expansion 
of  sales  volume  made  possible  5 
increased  capitalization. 

Radel  MFG.  Co.,  Cleveland,  Ohio, 
is  a new  company  founded  to  manu 
facture  a line  of  automobile  radio 
antennas  as  well  as  radio  parts  an 
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SEND  FOR  THIS 

RESISTOR 

For  the  convenience  of  designers  of  products  re- 
quiring resistors.  Ward  Leonard  offers  this  new 
Resistor  Handbook.  It  describes  in  detail  the 
full  line  of  wire-wound  resistors  giving  complete 
information  on  mountings,  enclosures,  terminals 
and  resistance  values.  Write  for  your  copy  today. 


fj  ward  Leonard  electric  company 
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WARD  LEONARD 

RELAYS  • RESISTORS  • RHEOSTATS 

Electric  control  (WLj  devices  since  7892. 
32  SOUTH  ST.  • MOUNT  VERNON,  N.  Y. 
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GET 

THIS  VALUABLE  BOOK 
On  Temperature  Control 


Mailed  to  you 
without  obligation 
immediately 


TO  ELECTRICAL  EQUIPMENT 
MANUFACTURERS 


Before  deciding  on  temper- 
ature regulating  devices  for 
your  products,  be  sure  to  in- 
vestigate Fenwal  Thermo- 
switches.  They  operate  on  an 
unusual  principle,  and  offer 
many  advantages  not  found 
in  other  types  of  switches. 
The  Fenwal  Engineering 
Data  Book  contains  detailed 
drawings  of  construction  of 
various  models  and  typical 
installations. 

"IF  ITS  A FENWAL 


% 


• Compact  construction  per- 
mits installation  in  tight 
places. 

• Make  and  break  unaffect- 
ed by  external  vibration. 

• Readily  adjustable  for 
wide  range  of  temperature 
control. 

• Minutely  accurate. 

• Adaptable  for  all  types  of 
media. 

• Inexpensive. 

• A 44-page  treatise  on  Thermal 
Control  including  installation 

photographs,  blueprints 

fnrnr*dSCr,P-,Ve  *Ut??e*ion»  for 
future  planning  with  basic  princi- 
ple involved  in  temperature  regu- 
lation and  control.  . . . Just  write 

n««yP«r  copy  on  your  busi- 
ness letterhead. 

-IT'S  THE  BEST  OF  ALL" 


ISBl  f/i 


enuiaL 

4t  rl-K.nl  Sir..,,  Momc),„mh, 


equipment.  It  is  headed  by  Sidney  - 
Ludwig,  former  chief  engineer  of 
Ward  Products. 

Hoffman  Radio  Coep.  has  under 
construction  a new  plant  annex,  ij 
at  the  same  time  leasing  three  other 
buildings,  and  has  purchased  a new 
brick  32,000  sq  ft  structure  adja- 
cent to  its  present  quarters  in  Los 
Angeles,  Calif. 

General  Electric  X-ray  Corp. 
moves  its  main  office  from  the  plant 
to  the  Insurance  Exchange  Bldg, 
175  Jackson  Blvd.,  Chicago.  The 
five-story  building  thus  made  avail- 
able will  be  used  for  manufacturing 
purposes. 

Federation  of  Broadcasting  As-  J< 
sociations  is  the  name  of  a newly 
merged  organization  including  Hol- 
land’s four  leading  broadcasting  as- 
sociations which  before  the  war 
shared  two  stations  at  Hilversum. 

Emerson  Radio  & Phonograph  ^ 
Corp.  has  launched  its  postwar 
product  and  policy  campaign  by  re-  l[ 
vealing  the  design  of  specific 
models  of  its  projected  radio  re- 
ceivers. 

Ferrocart  Corp.  of  America  and  . 
Micro  Products  Corp.,  both  located 
in  Hasting-on-Hudson,  N.  Y.,  have 
been  acquired  by  Maguire  Indus-  - 
tries  Inc. 


PERSONNEL 

Anthony  Lambo  becomes  vice- 
president  and  general  manager  of 
Mectron  Corp.,  Lawrence,  Mass.  In 
this  capacity  he  heads  up  electronic 
and  mechanical  engineering  activi- 
ties in  the  company. 

Melvin  E.  Karns,  RCA  Victor  Di-  j 
vision,  RCA,  Camden,  N.  J.,  is  des-  j 
ignated  director  of  the  Radio  and  j 
Radar  Division  of  WPB.  He  sue-  i 
ceeds  Louis  J.  Chatten.  Mr.  Chatten  j 
becomes  vice  president  and  general 
commercial  manager  of  North  j 
American  Philips  Co.,  New  York, 
N.  Y.  John  Creutz  becomes  assis- 
tant director  for  production  to  re- 
place Mr.  Karns. 

Francis  X.  Rettenmeyer  is  ap- 
pointed chief  components  engineer 
of  Federal  Telephone  and  Radio 
Corp.,  Newark,  N.  J.  Mr.  Retten- 
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Don’t  Let  Repairs  and  Replacements 
Leave  You  "Holding  the  Bag" 


A Jew  of  the  m different  wires,  sables  and  cords  developed  by 
Rockbestos  to  meet  severe  or  unusual  operating  conditions. 


ROCKBESTOS  FIREWALL  RADIO  HOOKUP  WIRE 

The  Bret  lightweight,  .mall  diameter,  fl.meWuU.vt  hookup  wiredemgned 
in  1937  and  widely  uaed  since  in  airborne  and  ground  ° 

systems  electronic  devices,  instruments  and  apparatus.  Operating  tem 
195°  C.  to  minus  50"  C.  AUo  with  tinned  ~pper 

Yielding  braid  and  in  twisted  pair  or  tripled 

AWG  in  1000-volt  rating,  and  No.  1*.  14  and  16  AWG  in  9000 


ROCKBESTOS  A.V.C.  600  VOLT  FLEXIBLE  CORD 

This  heat-resisting  flexible  cord  is  ideal  tor  apparatus  ' 

heavy  duty  high-dielertric.  heat  and  mouture  ruvstant  csn-d  “ ,q 

UWed  cord  with  polariud  conductor,  it  d«ued.  SmesNolOU,  18AWG 
with  two  or  three  conductor,  insulated  w.th  impregnated  telted  asberfOA 
r.“i»W  cambric,  felted  asbestos  and  covered  w.th  asbestos  brmd.  May 
be  had  with  polarised  conductors  if  desired.  £ ^ 


Make  sure  wire  meets  the  "specs" 
for  trouble-free  performance  in 
every  service  condition 

You  may  not  be  able  to  anticipate  everything  that  your 
product  will  stack  up  against  in  service  ...  but  you 
should  consider  all  probable  trouble  factors  such  as  high 
operating  and  ambient  temperatures,  vibration,  moisture, 
fungus,  oil,  grease,  corrosive  fumes  and  fire  hazard  ...  ^ 
then  wire-plan  for  dependable  performance  by  selecting 
wires,  cables  and  cords  that  meet  your  requirements  and  ? 
provide  an  ample  safety  margin  as  well.  d 

For  performance  protection  that  pays  off  in  satisfied  ) 
customers  by  practically  eliminating  wire-failure  break- 
r.j  downs,  rewiring,  replacements  and  service  calls,  specify 
Rockbestos  permanently  insulated  wires,  cables  and  cords. 
Every  one  of  the.  125  different  standard  constructions, 
ranging  from  1000  volt  No.  22  Radio  Hookup  Wire  to 
5000  volt  Rockbestos  A.V.C.  Power  Cable,  was  designed 
to  provide  a better  wire  for  a severe  or  unusual  application 
...  and  Rockbestos  Research  is  always  willing  to  work  up 
v a special  if  you  need  it. 

A phone  call  or  letter  will  bring  complete  information  or 
engineering  assistance  in  your  wire-planning  from  the 
» nearest  district  office  or: 

ROCKBESTOS  PRODUCTS  CORPORATION 
428  Nlcoll  Strwwt,  Naw  Havan  4,  Ceim. 

New  York  Buffalo  Cleveland  Chicago  Pittsburgh  St  Louis 
- tot  Angeles  San  Francisco  Seattle  Portland,  Ore. 

Yt 
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ROCKBESTOS  MULTbCOHOUCTOH  FIREWALL  INSTRUMENT 

This  unusually  small  diameter,  M-t “hl£ 
three  conductor  cable  was  design  . ■ previously  used  proved 

No.  2*  AWG  single  conductor  airc^f  event jores  P^,,^allcr  than  . 

and  in  No.  95.  it  and  «0  AWG. 


^£7/7  ROCKBESTOS  MULTI-CONDUCTOR 

Wjr  FIREWALL  RADIO  HOOKUP  CABLE 

This  type  o!  cubic  is  nt.de  up  oMOOO-voU 
W rated  individual  Firewall  Radio  Hookup  Wires 

r „(  required  sire  and  number  ol  conductors. 

cabled,  oud  braided  or  shielded  according  to 

w!t4hTnS“p,vt  braid,  tbet,  .acketed  uu.l,  a black 
glazed  cotton  braid  with  a flame-resistant  flmsh. 


Another  New  Rodcbostos  Firawoll  Construction ! 

WarulevelopedlbiekbMlo^High-Te^mperature^Wbc^jfl^A £ 

maximum  circuits  to  hot-wing  dc-icers. 

propelled  plane  apPI,”i  . ^i-hers  and  air  conditioning  and 
fire  detectors  temperatures  destroy  ordinary 

heating  units  where  baking  . ratcd  temperature 

insulation.  Under  ^njinuou  £ h and  inherent  resistance 
it  retains  its  or'g.nal  diel^tn^rt  ^ f in  its  resistance  to 
to  heat  and  flame,  and  prog rew  1/  ya£h]e  for  thefle  and  other 
SveXptoSor?Vrill  lor  complete  ioformatioo  and  »mple^ 


rockbestos  research 

Solves  Difficult  Wiring  Problems 

invest  in  U.  S.  Victory  Bonds! 


Digitized  by ' 


Yours  for  the  asking 

A new  informative  booklet  on  gears. 

It  has  illustrated  sections  ' jui)  on 

practically  every  known  form  of  gearing, 

, 

together  with  | many  reference 

tables  and  formulas.  Write  for  your  copy 
today  on  your  company  stationery. 


<t 


uaker  City  Gear  Works 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 
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meyer,  who  will  be  in  charge  of 


engineering  of  selenium  rectifiers,  i 
quartz  crystals,  transformers  and  ■ 
coils,  special  purpose  and  transmit-  ^ 
ting  tubes  and  cables,  was  formerly 
chief  receiver  engineer  and  staff  en- 
gineer of  RCA  Victor  Division, 
RCA. 


W.  S.  Winfield,  formerly  with  p 
Colonial  Radio,  Buffalo,  joins  West- 
inghouse  Electric  Corp.  to  become 
chief  engineer  of  the  home  radio 
division. 


Lawrence  C.  F.  Horle,  New  York 
consulting  engineer,  is  appointed 
chief  engineer  in  the  engineering 


A.  D.  Willard,  Jr.,  manager  of 
Radio  Station  WBT,  fills  the  newly 
created  office  of  executive  vice- 
president  in  NAB  (National  Asso- 
ciation of  Broadcasters). 


Esterly  Chase  Page,  until  recently 
a lieutenant  colonel,  U.  S.  Army 
Signal  Corps,  joins  the  Mutual  net- 
work in  the  newly  created  post  of 
engineering  director.  He  will  head 
up  a new  technical  planning  and 
engineering  department  and  be  re- 
sponsible for  future  f-m  and  tele- 
vision activities  as  well  as  improve- 
ments on  present  a-m  facilities. 


Henry  F.  Dever,  vice-president  in 
charge  of  engineering  for  Min- 
neapolis Honeywell-Regulator  Co-. 


department  of  RMA.  He  will  be 
responsible  for  management  of  the 
department,  including  the  RMA 
Data  Bureau  and  related  activities. 


WHEN  DESIGNING  ELECTRONIC  EOUIPMENT 


KetHent^et  tUis  use  ofr-  •• 

SS.WUitt  TlexlUe  SUaUi 


Electronic  Equipment  generally 
includes  elements  which  require 
rotational  adjustment.  In  design- 
ing the  internal  arrangement,  po- 
sitioning of  these  elements  is  de- 
termined by  considerations  of 
simplification  of  assembly  and 
wiring,  space  saving,  convenient 
servicing.  At  the  same  time,  con- 
trol knobs  or  dials  must  be  placed 
where  they  will  be  in  ready  reach 


Coupling  of  the  elements  to 
their  control  knobs  with  S.  S. 
White  flexible  shafts  is  the 

simple  solution.  It  gives  complete 
freedom  of  location — as  can  be 
appreciated  from  a look  at  the 
applications  illustrated.  And 
nothing  is  lost  in  the  quality  of 
control,  for  with  correct  applica- 
tion, S.  S.  White  remote  control 
shafts  provide  operation  that  is 
as  smooth  and  sensitive  as  a di- 
rect connection. 


That  coupling  with  S.  S.  White  flexible 
Mb  give s complete  freedom  In  plac- 
ing variable  elements  Is  clear  from 
this  Interior  view  of  a large  broadcast 
transmitter.  Note  centralized  con- 
trols. 


+ + 
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of  the  operator 

GET  FULL  INFORMATION  ABOUT  COUPLING  IN 
THIS  FLEXIBLE  SHAFT  HANDBOOK 

head  and  mention  your  pontion. 


ITE  DENTAL  MFC.  CO. 


DIVISION 


INDUSTRIAL 

. DIM.  E.  10  EAST  «0»h  ST.,  NEW  YORK  16,  N.  

FLEXIBLE  SHAFTS 

MOLDED  PLASTICS 

.««>  »»•» 
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Top  view  of  the  Accessory  Table  of  the 
S.  S.  White  ' MASTER " Dental  Unit  with 
cover  removed,  showing  use  of  a short 
flexible  shaft  to  couple  control  knob  rod 
to  contact  arm  of  rotary  switch. 


Minneapolis,  Minn.,  succeeds 
Charles  B.  Sweatt  as  president  of 
the  wholly-owned  subsidiary,  Brown 
Instrument  Co.  He  will  be  replaced 
by  W.  J.  McGoldrick,  vice-president 
in  charge  of  aeronautical  engineer- 
ing. 

Paul  H.  Frye,  chief  engineer  at 
Electronic  Laboratories,  Chicago, 
111.,  has  the  new  title  of  vice- 
president. 

Frances  B.  Smith  is  appointed  to 
the  post  of  chief  engineer  at  the 
Rola  Co.,  Cleveland,  Ohio.  He  was 
formerly  in  charge  of  audio-fre- 
quency and  acoustics  in  Zenith 
Radio  Corp. 

E.  M.  Webster,  captain  and  chief 
communications  officer  of  the  U.  S. 
Coast  Guard  is  promoted  to  the 
rank  of  commodore. 

M.  L.  Redman  is  in  charge  of  the 
electron  microscope  field  engineer- 
ing group  of  RCA  Service  Co, 
Camden,  N.  J.  He  has  been  active 
in  the  supervision  of  electron  micro- 
scope installations. 

G.  A.  Beck  becomes  manager  of  the 
industrial  design  division  in  Gen- 
eral Electric  Co.’s  electronics  de- 
partment. 

Frank  W.  Walter  of  the  Michigan 
State  Police  leaves  the  presidency 
of  APCO  (Associated  Police  Com- 
munications Officers)  to  become 
chief  communications  engineer  of 
Greyhound  Corp.  He  is  replaced  by 
Ray  Groenier,  Madison,  Wis. 

Louis  Martin  is  appointed  manager 
of  the  application  engineering  sec- 
tion of  the  RCA  tube  division. 

W.  L.  Everitt,  chief  of  the  opera- 
tional research  branch  in  the  office 
of  the  chief  signal  officer,  has  been 
released  from  active  service  to  re- 
turn to  his  duties  as  head  of  the 
department  of  electrical  engineer- 
ing at  the  University  of  Illinois. 
He  is  also  president  of  IRE. 

jEROY  D.  Weld  is  director  of  re- 
earch  at  the  Turner  Co.,  Cedar 
lapids,  Iowa.  Dr.  Weld,  professor 
f physics  at  Coe  College,  formerly 
onducted  part  time  research  for 
he  company. 

irthub  C.  Omberg  becomes  chief 
esearch  engineer  of  the  Bendix 
ladio  Division,  Bendix  Aviation 
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ELECTRONIC  USES 


The  efficiency  of  your  product— if  it  requires  springs— is  highly 
dependent  on  the  quality  of  those  springs.  With  litHe  or  no  dif- 
ference as  to  cost,  the  service  life  and  performance  of  your  equip- 
ment can  be  radically  improved  by  proper  attention  to  the  design, 
material,  and  workmanship  on  your  springs. 

Reliable  is  thoroughly  experienced  on  all  varieties  of  springs,  wire  forms  and 
light  stampings,  with  special  emphasis  on  precision  work  requiring  close  toler- 
ances. Our  facilities  and  personnel  are  exceptional  because  our  kind  of  cus- 
tomers  very  often  demand  exceptional  results. 

On  all-out  war  production,  Reliable  has  really  done  things  with  springs— at- 
tained  results  which  we  will  certainly  later  turn  to  good  account  on  your 
civilian  needs.  Remember  that  for  experimental  springs  or  small  lots,  our  small 
order  department  is  at  your  service.  If  you're  in  a hurry— we  have  the  facilities 
ana  the  materials  tor  double-quick  delivery! 

A»k  for  Reliable  Catalog  44. 

THE  RELIABLE  SPRING  & WIRE  FORMS  CO. 


3167  Fnlton  Rd.a  Cleveland  9,  Ohio 


Representatives  la  Principal  Cities 


YOU  CAN  RELY  ON 


/was 

CUPS  HOOKS  J BENDS 


ROUND  AND  FLAT 


WIRE  SPRINGS 


LIGHT  STAMPINGS 
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EXTENDS  COMMUNICATION  ACTIVITIES 

BY  ACQUIRING 

THE  HALSTEAD 

TRAFFIC  COMMUNICATIONS  CORPORATION 

To  extend  its  broad  communications  activities  into  the  rapidly  ex- 
panding field  of  mobile  railway  and  highway  communications  and  con- 
trol, Farnsworth  has  acquired  the  assets  of  the  Halstead  Traffic  Commu- 
nications Corporation,  including  its  developments,  designs  and  patents. 
Key  personnel,  including  William  S.  Halstead,  president,  and  John  A. 
Curtis,  vice  president,  have  joined  the  Farnsworth  staff. 

The  Halstead  organization  is  a recognized  pioneer  in  this  relatively 
new  field  of  radio  communications.  It  has  invented,  developed  and 
produced  field-tested  equipment  to  provide  railroads  with  modern 
unfailing  radio  communications.  It  gave  the  world  its  first  successfffi 
highway  radio  service,  including  the  centralized  control  of  busses,  trucks 
and  passenger  vehicles. 

The  Halstead  technical  staff  will  establish  new  headquarters  at  the 
Fort  Wayne  Farnsworth  laboratories.  The  organization  will  be  merge 
and  coordinated  with  more  than  two  hundred  Farnsworth  research  and 
development  engineering  personnel-a  staff  of  scientists  and  techmc^ns 
recognized  as  one  of  the  country’s  leading  technical  organizations  in 
the  development  of  television;  broadcast  transmitter  mid  receives; 
radio-phonographs,  and  the  most  complicated  types  of  radio  and  radar 
equipment  for  the  Armed  Forces. 

Farnsworth  resources,  plus  its  seventeen  years  of  electronic  pioneer- 
tog,  it,  extensive  engineering  MS.  and  sp«bli»d  mmldaeturtog  f»«nl- 
ries,  will  sriongly  angment  the  entstendmg  posri.cn  of  the  Halstead 
developments  in  this  field. 

FARNSWORTH  TELEVISION  * **®10  CORPORATION 

PORI  WAYNE  1,  INDIANA  . 

Fntagttk  Ratio  md Television  Receivers  aid  Tranunlttert  • ******  tod?f  RedK)  . the  Cepebeit  • th* Cepsfc«t-PeneinM» 

CwnmnlartloM  and  Control  Systran  for  Rail  and  Highway  • liFiMrtlli^*  ^ 


William  S.  Halstead,  presi- 
dent of  the  Halstead  Company, 
joins  the  Farnsworth  organi- 
zation as  consultant  on  radio 
communications  equipment 
and  traffic  control,  as  well  as  on 
other  phases  of  Farnsworth’s 
Tiroad  electronic  develop- 


John  A.  Curtis,  vice  president 
of  the  Halstead  Company  and 
chairman  of  its  management 
committee,  joins  the  Farns- 
worth organization  as  manager 
of  the  mobile  communications 
division. 
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Corp.,  Baltimore,  Md.  Formerly 
assistant  chief  of  operational  re- 
search in  the  U.  S.  Army  Signal 
Corps,  he  will  be  responsible  for 
long-term  product  development  and 
electronic  research  in  radio,  radar 
and  television. 


Harold  Goldberg  becomes  research 
engineer  in  the  Bendix  Radio  Divi- 
sion of  Bendix  Aviation  Corp.,  Bal- 


tjQJ  FOR  MODEL  MCL 
AND  MODEL  MCM 

LEVER  SWITCHES 


with  Single  Bolt  Assembly 


timore,  Md.  He  was  formerly  senior 
engineer  with  the  Stromberg-Carl- 
son  Co. 


|PVER  run  into  a problem  like  the  wiring 
shown  above  ? Or  worse  ? Standard 
Electric  Time  Co.,  Springfield,  Mass.,  did 
and  solved  it  by  using  General  Control 
Company's  Models  MCL  and  MCM  lever 
Switches!  The  Models  MCL  and  MCM  have 
single  bolt  assembly  — this  means  you 
can  attach  the  switch  frame  to  the  panel 
practically  anywhere  you  like,  solder  the 
wiring  to  the  contacts  (at  a bench,  if  you 
wish),  then  connect  the  contacts  to  the 
frame  with  a single  bolt.  This  feature 
saves  maintenance  time  too,  because  the 
frame  can  be  removed  and  repaired, 
or  replaced  ■■ 
without  disturbing  Mj!/.  jJ'. 
the  wiring.  Write 
today  for  New 
Handbook  a n d I® 


William  G.  Moran,  superintendent 
of  electronic  tube  manufacturing 
at  Westinghouse  Electric  & Mfg. 
Co.,  Bloomfield,  N.  J„  is  given  the 

company’s  honorary  award the 

Order  of  Merit.  His  citation  is  for 
recognition  of  pioneering  in  engi- 
neering development  and  manufac- 
ture of  radar  transmitting  tubes. 


AWARDS 

Workers  of  the  following  concerns 
in  the  electronics  field  have  been 
awarded  Army-Navy  burgees  for 
excellence  in  production: 

Federal  Telephone  & Radio 
Corp.,  Newark,  N.  J. 

North  American  Philips  Co. 
Dobbs  Ferry,  N.  Y. 

Mount  Vernon,  N.  Y. 

Sylvania  Electric  Products 
Wakefield,  Mass. 


1202  Soldi. r>  Field  Road 
Boston  34,  Mass. 
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Thanks  for  your  co-operation 

. . . Now  we 

con  deliver — TUNGSTEN  MOLYBDENUM 


knowledge  of  processes  and  techniques  developed  by 
an  organization  with  a background  of  over  half  a 
century  in  the  electrical  field.  Every  piece  of  material 
is  controlled  to  your  most  rigid  specifications. 

North  American  Philips  can  supply  your  needs  in  a 
variety  of  sizes,  shapes  and  thicknesses  and  deliver 
on  short  order. 

So,  when  you  want  tungsten  or  molybdenum  rod,  bar, 
wire,  powder,  or  sheet  stock-write,  wire  or  telephone 
North  American  Philips.  And  remember,  the  services  of 
our  application  engineers  are  also  at  your  disposal. 


Here’s  news  of  interest  to  you! 

As  you  know,  supplies  of  tungsten  and  molybdenum 
products  have  been  limited.  During  the  shortage  we 
tried  every  means  of  getting  as  much  of  these  materials 

to  you  as  possible.  Thanks  for  understanding  the  limita- 
tions imposed  on  us  and  accepting  them. 

Now  we  can  deliver,  on  short  order , most  of  the 
tungsten  and  molybdenum  products  you  need — in  rod, 
bar,  wire,  sheet  or  powder  form. 

Every  one  of  the  tungsten  or  molybdenum  products 
supplied  by  North  American  Philips  is  backed  by  the 


Reg.  U.  S.  Pat.  Off. 


C 0 Electronic  Products  by 


NORTH  AMERICAN  PHILIPS  COMPANY,  INC. 

inn  Fast  42nd  Street,  NewYork  17,  N.Y. 

. Fe^',  li!?’.;  Mount  Vernon,  N.  Y.  (Metalix  Div.);  Invasion,  Me.  (Elmet  Div.) 


Factories  in  Dobbs  F 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de- 
velop new  materials,  new  components, 
new  assemblies,  new  measuring  equip- 
ment; issue  new  technical  bulletins,  and 
new  catalogs 


Heterodyne 
Frequency  Meter 

Type  720-a.  hetebodyne  frequency 
meter  is  a compact,  portable,  bat- 
tery-operated instrument  for  fre- 
quency measurements  between  10 
and  3000  me.  The  internal  oscilla- 
tor covers  a frequency  range  of  100- 
200  me.  For  frequencies  below  100 
me  harmonics  of  the  unknown  fre- 
quency are  made  to  produce  beats 
with  the  internal  oscillator.  For 


frequencies  above  200  me  har- 
monics of  the  internal  oscillator 
product  beats  with  the  unknown 
frequency.  The  internal  oscillator 
uses  a butterfly-type  circuit  in 
which  capacitance  and  inductance 
are  varied  simultaneously.  No 
sliding  contacts  are  used  in  this  cir- 
cuit and  no  current  is  carried  by 
the  bearings;  consequently,  smooth 
and  stable  adjustment  of  the  fre- 
quency can  be  made  over  the  fre- 
quency range  of  the  instrument. 

The  detector  is  a silicon  crystal  so 
mounted  that  it  is  easily  accessible 
for  replacement.  A three-stage 
audio  amplifier  is  included,  having 
a band  width  of  50  kc.  The  output 
of  the  amplifier  operates  a panel 
meter  and  a built-in  loudspeaker.  A 


jack  is  provided  for  head  tele- 
phones. 

The  entire  assembly  is  com- 
pletely self-contained.  Sensitivity 
of  the  instrument  is  high  and  no 
direct  connection  to  the  source  un- 
der measurement  is  required.  The 
pickup  obtained  by  the  adjustable 
antenna  (mounted  on  the  panel)  is 
usually  adequate,  but  provision  is 
made  for  connecting  an  additional 
pickup  wire.  Tubes  and  batteries 
are  supplied  with  the  instrument. 
Overall  dimensions  are  124  x 131  x 
104  in.  The  unit  weighs  271  lb, 
with  battery,  and  is  priced  at  $250. 

General  Radio  Co.,  275  Massa- 
chusetts Ave.,  Cambridge  39,  Mass. 

Ground  Station 
Transmitters 

Two  TYPES  OP  GROUND  station  trans- 
mitters are  available  from  Bendix 
Radio,  Baltimore,  Md. 

The  first  of  these  is  described  in 
Bulletin  No.  SE-113  and  is  desig- 
nated as  Model  TG-16.  It  is  a me- 


dium-power transmitter  for  opera- 
tion in  the  low-frequency  (200-540 
kc),  high-frequency  (2.5-16  me), 
and  very  high-frequency  (118-132 
me)  bands.  It  can  be  operated  on 
four  separate  channels  in  any  com- 
bination of  these  frequency  ranges. 


and,  as  the  separate  r-f  units  are 
mechanically  interchangeable,  it  is 
easy  to  modify  the  transmitter  for 
a different  frequency  arrangement 
should  requirements  change  while 
the  unit  is  in  service.  The  h-f  unit 
is  capable  of  operation  on  two  ad- 
jacent channels,  the  vhf  unit  on 
three,  making  it  possible  to  pretune 
as  many  as  12  frequencies  on  the 
same  transmitter.  Either  radio 
telephone  or  radio  telegraph  opera- 
tion may  be  used  with  1-f  and  h-f 
units  while  radio  telephone  only  is 
available  on  the  vhf  unit  Power 
output  for  continuous  commercial  ;][ 
service  in  the  low  and  high-fre-  „ 
quency  ranges  is  500  watts  and  over  14 
300  watts  in  the  vhf  range. 

The  second  type  of  transmitter  is  " 
described  in  Bulletin  No.  SE-114,  • ;l 
and  is  designated  as  TG-16.  Low- : 


frequency  (beacon  and  control 
tower),  high-frequency  (airways 
communications),  as  well  as  very 
high-frequency  (proposed  band  for 
all  aircraft  service)  operation  are 
all  available  in  one  transmitter  with 
power  outputs  ranging  from  WO 
watts  at  vhf  to  190  watts  at  the 
lower  frequencies.  Individual  and 
interchangeable  r-f  sections  make  "m 
possible  a high  degree  of  flexibility- 
Up  to  four  such  sections  can  be  op- 
erated by  a single  control  unit,  an 
each  h-f  and  vhf  section  may  be 
pretuned  for  operation  on  either  0 
two  adjacent  channels.  If  M oper 
ation  is  not  required,  it  is  possi  e 
to  operate  the  transmitter  on  any 
one  of  eight  pre-tuned  channels  us- 
ing only  four  r-f  sections  and  one 
control  unit  in  addition  to  the  power 
supply  and  modulator.  The  equip" 
ment  is  designed  for  continuous  op- 
eration at  ambient  temperatures 

between  —40  and  +60  C,  and  re  a 
tive  humidities  between  zero  an 
95  percent. 
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Compact,  Trouble-Free  Modern  Design 


External  Pivot 
(As  Used  by  DeJUR) 


Internal  Pivot 
(Not  Used  by  DeJUR) 


Radio  and. 


(")VER  10,000  elec- 
tronic items.. one 
of  the  largest  stocks  ia 
the  midwest..are 
available  here  at  W-J 
for  shipment  AT 
ONCE!  Maintenance 
of  Industrial  Elec- 
tronic  equipment  is  a 
highly  developed  spe- 
cialty of  ours.  Users  of 
electronic  equipment 
from  coast-to-coast 
will  benefit  from  W-J 
Industrial  Emergency 
Service . . countless 
uses  may  be  found  such 
as  those  in  research 
laboratories,  broad- 
casting stations,  rail- 
road communications 
systems,  airport  con- 
trol towers,  shipboard 
radio  installations,  to 
name  a few!  Our 
trained  procurement 
experts  and  technical 
staffs  are  geared  to 
function  with  a speed 
and  efficiency  unap- 
proached in  the  his- 
tory of  Electronic  Sup- 
plies  distribution! 
Save  time  and  trouble. 
Make  us  headquarters 
for  ALL  your  elec* 
Ironies  needs. 


WALKER-  H J 
JIMIESON/inc 

311  SOUTH  WESTERN  AVE, CHICAGO  12.  ILL 

Phone  CAN  : 2-525 


Lineman’s  Bridge 

Shall,  rugged  and  compact  enough 
to  be  carried  easily,  this  bridge 
(measures  9 x 5 x 4i  in.  and  weighs 
5 lb  complete)  is  built  to  meet  the 
requirements  of  the  telephone  and 
telegraph  lineman.  It  is  used  to 
measure  the  resistance  of  wires  as 
well  as  the  unbalance  between  two 
wires.  It  can  also  be  used  as  a gen- 
eral purpose  bridge  up  to  the  limit 
of  its  capacity.  By  throwing  a 
switch  and  changing  the  position  of 


the  three  decade  dials  the  reading 
on  the  loop  can  be  changed  to  the 
unbalance  reading  without  disturb- 
ing the  connections.  The  switching 
arrangement  also  designates  which 
wire  has  the  higher  resistance.  The 
range  of  the  measurement  is  up  to 
111  ohms  in  steps  of  0.1  ohm  with 
an  accuracy  of  one-quarter  of  1 
percent.  The  galvanometer  (Weston 
Model  No.  375)  has  a sensitivity  of 
approximately  22  ua  per  division 
for  30  divisions.  Batteries  are 
standard  lj-v  flashlight  cells  ar- 
ranged so  that  they  can  be  quickly 
and  easily  replaced.  Nilsson  Elec- 
trical Laboratories,  Inc.,  103  Lafay- 
ette St.,  New  York  13,  N.  Y. 


Brown  Instrument 
Devices 

A chart-drive  control,  embodying 
means  for  automatically  starting 
and  stopping  electronic-recorder 
chart  motion  by  pen  position  is 
available  from  Brown  Instrument 
Co.,  Philadelphia,  Pa.  for  their  cir- 
cular chart  designated  as  “Elec- 
troniK”  recorder.  Control  con- 
tacts are  wired  in  the  chart  drive 
circuit.  By  setting  the  control  point, 
the  chart  can  be  stopped  and  started 
as  desired,  corresponding  to  any 
pen  position.  The  new  feature  is 
useful  in  molten-metal  thermocou- 
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SCOVILL 

made  and  assembled 
500  Electronents* 
for  this 

Radio  Receiver  Rack 


Demonstrating  how  Scovill  can  reduce  your  overhead 

on  small  parts  or  complete  assemblies 


Put  yourself  in  the  shoes  of  the  prime 
contractor  who  needed  this  three- 
position, high-frequency  radio  receiver 
tack  for  big  bombers  in  a hurry.  He 
could  have  undertaken  to  make  in  his 
own  plant  the  more  than  500  individ- 
ual parts  required,  or  . . . made  some 
and  purchased  the  remainder,  then 
assembled  the  complete  unit  himself. 
Instead  he  turned  the  complete  re- 
sponsibility over  to  Scovill  . . . and 
saved  time,  space,  trouble  and  money. 

Here’s  what  Scovill  did:  made  all 
the  metal  parts  of  sheet,  rod,  wire  and 
tube  stock  using  such  metal-working 


methods  as  forging,  stamping,  drawing, 
heading,  machining  and  wire  forming 
. . . cut  all  wires  to  length,  stripped 
and  soldered  them  into  position  . . . 
manufactured,  tested  and  adjusted  re- 
lays . . . assembled  the  entire  rack  as 
illustrated. 

Investigate  how  Scovill’s  versatile 
production  setup,  as  exemplified 
above,  can  improve  the  quality  or 
lower  the  cost  of  your  small  electronic 
components  or  complete  assemblies. 
Learn  how  Scovill’s  designing  and 
metal-working  experience  and  facili- 
ties will  make  you  sure  of  getting  the 


one  right  solution  to  your  metal-part* 
problems.  For  proof  of  Scovill’s  ability 
to  help  you,  write  for  liter- 
ature.  Fill  in  the  coupon 
below  and  mail  it  today. 

♦Electronent*  = Electronic  Component* 


..  I f—  — — I iy 

Scovill 

MANUFACTURING  COMPANY 

WATERBURY  91,  CONN. 


Please  send  me  a free  copy  of  "Masters  of  Metal”  booklet  de- 
ling your  facilities.  I am  interested  in  the  ELECTRONENT* 

^plications  checked. 

□ Batteries  □ Dials  □ Panels 

□ Record  Changers  □ Escutcheons  □ Sockets 

□Clips  □ Jacks  □ Stampings  (misc.) 

□ Condensers  □ Lugs  □Tubes 


Other  applications.. 


SCOVII.I.  MAJfUFACTtJBIKCI  COMPANY 

Electronic  Division 

22  Mill  Street,  Waterbury  91,  Connecticut 


Company 


^CTRQNICS-  October  1945 


Digitized  by " 


BiVz£i*ujtcn 


^ PANEL  INSTRUMENTS  * 


QufiAxvdeed  ACCURACY 


Due  to  design  characteristics  and  dose  control  of  manufacturing 
processes,  Burlington  instruments  embody  the  following  i ad- 
vantages: 

PERMANENCE  OF  CALIBRATION  ...  An  DC  instruments  .mploy  Alnleo 
moguti  which  cm  known  to  bo  more  highly  resistant  to  (hock,  hoot  vibration, 
and  stray  Bolds  than  any  other  magnetic  material. 

FREEDOM  FROM  STICKING  ...  Clearances  lor  an  moving  parts  are  sack 
that  the  results  o!  entrance  oi  smaU  parades  as  encountered  In  field  service  are 
reduced  to  a minimum. 

STABILITY  OF  OPERATION  . . . An  instruments  are  “NORMALIZED" 
aBsr  assembly  to  eliminate  "sero  shift”  and  ether -caUhratton  errors  due  to  ageing. 

Exceptionally  high  torque  to  weight  tatlo  of  control  springs  to  moving  element 
insures  error  under  conditions  oi  shock,  vibration,  and  other  rough  usage. 

Alignment  oi  Jewels  and  magnet  core  piece  is  such  that  the  center  lines  oi  these 
parts  coincide  within  plus  or  minus  .002'.  The  design  oi  the  brass  movement  borne 
and  components  Is  such  that  mechanical  tolerances  are  reduced  to  a minimum  In 
assembly.  As  a result  lewd  and  pivot  wear  is  Uniterm  which  reduces  "bictlona! 
torque"  ci  the  moving  coO. 

AS  series  resistors  and  colls  are  beat  treated  and  Impregnated  after  wrapping 
to  Insure  stability  and  long  fits. 

All  ranges  AC  A DC  are  available  in  2 Vi',  3 Vi'  end  4 Vi"  sixes,  both  square 
and  round,  flush  mounting. 

Engineering  service  furnished  for  specialized  applications. 

No  obligation.  Write  today  lor  further  information. 


BURLINGTON  INSTRUMENT  CO. 


102  FOURTH  STREET 


BURLINGTON,  IOWA 


PANEL  INSTRUMENTS  e VOLTAGE  REG 
ULATORS  • AUTOMATIC  SYNCHRO- 
NIZERS t FREQUENCY  REGULATORS 
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pie  and  radiation  pyrometer  appli- 
cations. 

A new  safety  emergency  alai 
feature  that  protects  process  equi] 
ment  and  materials  has  been  add* 
by  Brown  Instrument  to  its  line 
electronic  air-operated  controllers. 
The  instrument  is  designated  as 
ElectroniK  contact  controller  and  it 
provides  on-off  control  in  addition 
to  air  control  to  actuate  motorized 
valves,  solenoid  valves,  contactor 
panels,  signal  lights,  etc. 


Capacitor  Mounting  Bracket 

Faster,  less  expensive  assembly 
of  capacitor  motors  is  facilitated 
by  the  use  of  a new  plastic  capaci- 
tor and  mounting  bracket  developed 
by  P.  R.  Mallory  & Co.,  Inc.,  In- 
dianapolis, Ind.  The  bracket  is 
used  with  the  new  Mallory  type  I1 


plastic  case  capacitor  and  end  cap. 
The  bracket  requires  no  special 
tools  since  it  is  fastened  to  the  mo- 
tor with  two  screws.  The  capacitor 
is  snapped  into  the  bracket  by 
hand.  Two  different  lengths  of 
brackets  (which  will  handle  four 
capacitor  case  sizes)  are  available. 
The  unit  is  splash-proof  and  mois- 
ture-proof. 


Variable  Isolation 
Transformer 

Isolation-type  transformers  (des- 
ignated as  type  W Vari-Formers) 
are  a new  development  of  the  Gu  ow 
Corp.,  26  Waverly  Place,  New  York 
3,  N.  Y.  They  are  double  or  isola- 
tion wound  for  laboratory  and  m 
dustrial  use.  The  units  have  a Pn 
mary  wound  for  115-v  input  an  a 
variable  secondary  wound  f°r  8 
output  of  0-130  volts.  Separate  ter- 
minals are  provided  for  both  Pr‘ 
mary  and  secondary  windings.  j- 
units  can  be  connected  a®  au 
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How  to  stop  smoking  with  smoke 


Typical  of  the  applications  possible 
with  a Bradley  Luxtron*  photo  cell  is 
this  suggested  means  of  smoke  control 
in  a stoker-fired  furnace. 

Light  source  "A”,  beamed  through 
the  smoke  stack  to  photo  cell  "B’\  will 
cause  the  cell  to  generate  power  suffi- 
cient to  close  relay  "C  until  smoke 
diminishes  the  light.  Or  the  system 
could  be  arranged  to  close  the  relay 
when  light  is  reflected  by  smoke  par- 

*TRADE  MARK  REG  U S.  PAT.  OFF. 


tides. 

In  any  event,  resistance  to  vibration 
and  temperature  changes  make  the 
photocell  ideal  for  such  an  applica- 
tion. As  in  any  photocell  application, 
it  is  as  simple  as  A,  B,  C—  and  the  B 

stands  for  Bradley. 

Write  Bradley  for  literature  and 
complete  engineering  assistance  on  any 
photocell  application  you  may  have 
in  mind. 


Write  for  Rectifier  Dato 

Bradley  also  has  available  a complete 
line  of  unique  copper  oxide  rectifiers, 
featuring  mounting  flexibility,  pre- 
soldered terminals  for  ease  and  safety 
in  assembly,  low  forward  resistance 
with  high  leakage  resistance,  and  gold 
coating  of  pellets  to  provide  long  life. 

Data  on  five  basic  models  are  included 
in  an  illustrated  Bradley  ''Coprox''  Rec- 
tifier bulletin  sent  on  request.  Please 
write  for  it. 


PHOTOCELLS- MASTERS  OF  LIGHT  j 


MASTER  OF  PHOTOCELLS 


^ » ltisw  --  - \ 

Mr«|  HAVEN  10,  CONNECTICU. 
■RADIIY  LABORATORIES,  INC.,  82  MEADOW  STREET,  N ^ 
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Voltage,  from  zero  to  325-v  d-c  at 
125  ma  continuously  variable,  and 
6.3-v  a-c  at  6 amp,  center  tapped, 
Regulation,  within  1 percent  for 
voltages  between  20-235  volts  from 
no  load  to  full  load.  Within  2 per" 
cent  at  10  volts  from  no  load  to  fob 
load ; Hum  voltage,  less  than  10  mv 
including  noise;  Metered  output, 
voltmeter  and  milliammeter  in- 
cluded to  read  output  voltage  and 
current.  Electronic  Measurements 

Co.,  10  West  Front  St,  Red  Bank, 
N.  J. 


Standard  fixed  resistors: 
10  and  20  watt;  1-50,000 
and  1-100,000  ohms. 


Standard  adjustable  resist- 
ors: 25  to  200  watt;  1 to 
100,000  ohms.  Additional 
sliders  available. 


Also  other  types  of  termi- 
nals and  mountings. 


| \{e  "7 


★ Ye*,  lt'i  a Greanohm — not  lost  an- 
other power  resistor. 

And  that  means  a lot  to  yon  and  the 
buyers  oi  your  products.  It  means  a 
tougher,  longer-lasting,  absolutely  de- 
pendable power  resistor. 

Greenohms  are  those  green-colored  ce- 
ment-coated power  resistors  featured  In 
the  finest  transmitters  and  receivers;  in 


power  supplies;  In  electronic,  electrical 
and  industrial  equipment  Already  In 
service  year  after  year  since  they  were 
first  introduced.  Greenohms  have 
proved  that  "they  can  take  it"— and 
then  some.  No  tougher  resistors  are 
made. 


Try  a Greenohm!  Make  your  own  com- 
parative tests.  Then  draw  your  own 
conclusions  once  and  for  alL 


* Greenohms  are  available  in  standard  sizes  and 
values  through  local  Jobbers.  For  volume  require- 
ments or  special  types,  write  us  direct. 


m CLAROSTAT  MFG.  CO.,  Inc.  • 285-7  N.  6th  St.,  Brooklyn,  N.Y 


Power  Supply 

Model  200-B  is  a new  and  improved 
power  supply  for  applications  in 
the  laboratory  and  on  the  produc- 
tion line.  Its  characteristics  are. 


transformers  to  obtain  several  dif- 
ferent voltage  combinations.  In- 
puts of  116  or  220  volts  can  be  ap- 
plied and  output  voltages  of  0-65 
or  65-130  are  obtainable  with  in- 
crements of  0.3  volts.  Output  ranges 
of  0-130  or  115-245  volts  with  in- 
crements of  0.6  are  obtainable.  The 
separate  primary  and  variable  sec- 
ondary windings  are  wound  on  the 
same  core  eliminating  the  need  of 
two  transformers  to  obtain  an  iso- 
lated variable  voltage  supply.  For 
critical  electronic  testing  and  spe- 
cial applications,  an  electrostatic 
shield  has  been  imposed  between  the 
windings,  grounded  to  the  core  and 
brought  out  to  a separate  terminal. 
These  units  are  available  with  ca- 
pacities of  500  va  to  2000  va. 
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PRODUCED  TO  YOUR  SPECIFICATIONS 


PRINTING 
DIE  CUTTING 
CEMENTING 

Wide  experience  by  oil  known 
processes  in  the  application  of, 
printing,  engraving,  silk  screen- 
ing, die  cutting  and  cementing 
of  oil  thermoplastics. 


FORMING 

Specialists  in  deep  drawing  radio 
dial  windows,  embossing,  swag- 
ing and  bending  in  Acetate, 
VinylHe  and  Acrylics/ 


MACHINING 

Precision  threading,  screw  ma- 
chine, milling,  drilling,  turning 
of  Polystyrene,  Acrylics,  Pheno- 
lics,  Nylon,  Tenite;  sheets,  tubes 
and  rods;  through  spindle  capac- 
ity up  to  Vh"  rod. 
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in  a typical  machine  control  — Sigma 
sensitivity  and  high  speed  are  applied  in  this 
control  to  safeguard  valuable  dies  in  a large 
press.  Continuing  press  cycles  are  possible 
only  as  each  formed  piece  is  ejected  and 
monitoned  by  the  control. 
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Now  is  the  time  to  let  our  Engineering  Department 
know  what  additional  specific  features  will  be  re- 
quired in  relays  for  your  product.  We  intend  to  design 
new  relays  for  expressed  demands  first.  Do  you  need — 


• Multicircuit  Contacts? 

• Higher  Power  Handling  Capacity  ? 

• Polarized  Relays  ? 


Differential  Operation  ? 
Snap-Action  Contacts  ? 
A-C-relays  ? 


Write  and  let  us  know  the  relay 
features  which  would  be  specifi- 
cally useful  to  you.  especially 
those  not  now  obtainable  in  exist - 
ing  relays. 


Sipia  Instruments,  inc. 

RELAYS 

62  CEYLON  ST.,  BOSTON  21,  MASS. 


the  gage.  The  steady  emission 
characteristic  of  the  radioactive 
element  and  amplifier  design  insure 
stability  and  reduce  needle  flicker 
to  a minimum.  The  model  produced 
at  present  by  the  National  Research 
Corp.,  Vacuum  Engineering  Div..  J 
Boston  15,  Mass.,  covers  from  zero  - 
to  10  mm  in  three  ranges,  all  read-j 
ing  direct  pressure.  The  ranges  are^ 
zero  to  0.1  mm,  zero  to  1 mm,  and  , 
zero  to  10  mm.  Pressures  are  read 
to  1 percent  of  full-scale  reading. 


SIGMA  RELAYS  have  always  embodied  — 

Speed 

Sensitivity 

Long  Life 

Compactness 

Stability 

Precision 

Oscillator 

Type  291  is  A portable,  battery-  op- 
erated oscillator  especially  designed 
for  checking  high-frequency  air- 
craft radio  receivers.  The  unit  has 
a frequency  range  from  49  to  154 


me  with  modulation  frequencies  of  I 
70,  90,  400,  1300  and  3000  cycles.  It 1 
contains  an  easily  extended,  col- 
lapsible antenna  and  two  coaxial  ] 
terminals  for  low  and  high-level 
outputs.  Andrew  Co.,  363  East  75th 
St.,  Chicago  19,  111. 


Ionization  Gage 

The  Alphatron  is  an  all-metal 
ionization  gage  with  continuous 
linear  response  to  10-mm  total  pres- 
sure. The  ionizing  agent  is  a stream 
of  alpha  particles  emitted  by  a ra- 
dioactive source,  which  permits  op- 
eration at  any  pressure,  including 
atmospheric,  without  damage  to 


IN  BUILDING  TRANSFORMERS  SINCE  1938 


A.  P.  FOSTER  COMPANY 


POSTWAR  TRANSFORMERS 

FOSTER  -ii  I 


Facilities  for  peacetime  manufacture 
of  transformers  are  already  available 
at  A.  P.  Foster,  and,  as  war  commit- 
L ments  are  filled,  will  be  increasingly 
% a*  y°ur  service. 


During  the  war  years  A.  P.  .Foster  has 
supplied  thousands  of  custom-designed 
and  custom-built  transformers  to  all 
L branches  of  our  armed  services,  for 
K use  in  all  parts  of  the  world  under 
Bh  great  extremes  of  climatic  condition.  V'j 

1.  i High  production  schedules  have  been 
maintained  by  advanced  Foster  man- 
HBft  ufacturing  techniques.  High  standards 
EKjrai  of  performance  were  demanded, 

1 rTv.  achieved  and  will  be  maintained — to 
the  benefit  of  America's  peacetime 
economy. 


hs  your  own  reconversion  plans  ad-  v-S 
vance  from  thq  conference  stage  to  ' 
the  blueprint  stage,  it  may  well  be 
worth  your  while  to  bear  in  mind  that  1 
Foster  engineers  and  designers  are 
| ready  now  to  consult  with  you  on 
every  transformer  problem  and  to 
furnish  estimated  costs  and  delivery 
■ \ schedules  on  experimental  or  quan- 
tity  production  of  standard  transform- 
ers  or  special  jobs  custom-built  to 
JSr  your  own  specifications. 


• BOB  REID,  810  West  57th  Street.  Indian- 
apolis 5,  lnd„  Telephone  Broadway  272 


• BAUMAN  AND  BLUZAT.  2753  West  North 
Avenue,  Chicago  47,  III.,  Telephone  Hum- 
bolt  6807-10-11-12 


• THE  A.  P.  FOSTER  COMPANY.  BAR-*1 
RETT  BORDER.  1 1 W.  42nd  St,  New  York 
18.  N.  Y,  Telephone  PEnnsylvania  6-9133 
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This  new  method  for  waterproofing  ceramic  .surfaces  results 
In  increased  electrical  resistance  and  improved  performance 
of  equipment  under  conditions  of  high  humidity  and  con* 
densation.  Application  of  Dow-Corning  Fluid  No.  200  to 
ceramic  bodies  coats  them  with  an  extremely 
thin  film  of  silicone.  It  will  adhere  effec- 
tively even  when  immersed  for  days  in  sea 
water  and  does  not  collect  dust  or  cor- 
rode metals;  nor  will  it  react  with  organic 
materials.  It  has  a power  factor  of  the 
order  of  .005%  and  is  effective  up  to 
I50°C.  It  also  acts  as  a neutral' flux 
for  soldering,  and  is  not  removed 
by  contact  with  organic  solvents. 

For  further  applications  and  engi- 
neering data  write  or  phone. 


, • % 


PRODUCTION  ENGINEERING  CORP. 

666  VAN  HOUTEN  AVENUE,  CLIFTON,  N.  J.  • TEL.  PASSAIC  2-5161 


DOW-CORNING  FLUID  #200 


The  gage  is  suitable  for  meas. 
pressures  of  gases  other  than 
such  as  argon,  water  vapor, 
hydrogen,  as  the  linear  response 
the  gage  hold  true  regardless  of  t 
atmosphere. 


Resistors 


Eastern  Electronic  Corporate 
(41  Chestnut  St.,  New  Have 
Conn.,  manufacturers  of  precisie 
wire-wound  resistors,  wheatstoi 
bridges,  radio  and  electronic  ta 
equipment  and  radar  assemblies 
announce  “Korect-Ohm”  resisto: 
as  follows:  Type  CC,  low-temper* 


ture  coefficient,  has  a maximum  l 
sistance  of  250,000  ohms ; Type  ! 
has  a maximum  resistance  of  5(X 
000  ohms;  Type  NA  has  a ma 
mum  resistance  of  1 million  ohn 
Type  CA  ranges  from  a few  oh 
to  600,000  ohms;  Type  CB  has  I 


maximum  resistance  of  500,000 
ohms;  and  finally  Type  NB  which 
has  a maximum  resistance  of  1 
million  ohms.  All  resistors  are 
aged  and  treated  to  relieve  strain* 
due  to  winding  before  the  final  ad-  , 
justment  is  made.  Final  resistance  ^ 
adjustment  accuracy  is  rated  to  i ' 
better  than  0.1  percent.  The  re- 
sistors  are  wound  with  an  alloy  wire  ( 
having  a resistance  change  vs  tem- 
perature of  less  than  0.08  percent 
between  —55  and  + 55  C.  For  ap 
plications  where  space  is  a factor, 
resistors  are  wound  with  an  alloy 
wire  having  a resistivity  of  0 
ohms  per  circular  mil  ft.  The  re 
sistance  change  vs  temperature  is 
0.5  percent  plus  or  minus  between 
-50  and  + 50  C. 
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For  more  than  MO  years 

we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe- 
cialists as  well.  Consult  us  on  your  “crystal 
problems”. 

★ 

PETERSEN  RADIO  CO. 

Council  Bluffs,  Iowa 

CRYSTALS  EXCLUSIVELY  SINCE  1934 


Check  the  Quality  Features 
of  the  Drake  No.  500  Series 

y/  Time  tested  — Millions  have  been  used 
since  March  1940! 

y/  Available  in  any  quantity  with  any  type 
of  bracket. 

y/  Sturdy  Bakelite  Molded  insulating  cast- 
ing shields  socket  from  outside  contact. 
y/  Center  contact  lead  wire  mechanically 
secured  before  soldering. 
y/  Both  lead  wires  withstand  over  25  lbs. 
tension. 

y/  Rounded  eyelet  edges  prevent  cut  or 
frayed  lead  wire  insulation. 

V 1000  volts  minimum  breakdown  voltage 
between  contacts  and  to  ground. 

y/  Casting  mechanically  secured  to  bracket 
— can’t  turn. 

V Socket  mechanically  secured  within  cast- 
ing — can’t  turn  or  be  pulled  out. 

V Center  contact  secured  within  socket — 
contact  won’t  protrude  when  lamp  re- 
moved. 

Conaider  this  better  underwriters'  approved  DRAKE  dial  lioht 
assembly  for  war  or  peace-time  products.  Lead  wire  2%  in.  to  4 ft 
Prompt  shipment  in  any  quantity  assured.  May  we  send  samples 
or  our  newest  catalog? 


SOCKET  AND  JEWEL  LIGHT  ASSEMBLIES 


Wire-Wound 

Potentiometers 

Trefz  Manufacturing  Co.,  38-11 
Main  Street,  Flushing,  N.  Y.  an- 
nounce Series  PWW-5  wire-wound 
potentiometers  which  have  been 
produced  to  Army  and  Navy  specifi- 
cations for  electronic  operations. 
The  linearity  of  both  single  and 
dual  units  makes  them  readily 
adaptable  to  applications  using  cali- 
brated dials  or  in  circuit  arrange- 
ments where  close  series  of  parallel 
tracking  is  a requirement.  Wat- 
tage rating  is  high  for  a standard- 
size  unit  (patent  pending  feature). 
An  electronically-welded  instru- 
ment spring  maintains  positive  con- 
tinuity between  center  terminal 
and  wiping  contact.  A dust-proof 
phenolic  case  houses  the  units,  and 


|F.I 
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when  specified,  a sealing  washer 
can  be  furnished  between  the  case 
and  the  heavy  cover  making  a 
hermetically-sealed  potentiometer 
when  used  in  conjunction  with  a 
water  tight  panel  bushing.  Re8'8" 
tance  range  is  rated  1 ohm  to  ISO," 
000  ohms ; shafts  are  made  to  spe- 
cification; switches  can  be  supplied 
in  off  position  and  tapered  units. 


Magnetic  Phonograph 
Pickups 

New  low  cost  magnetic  phono- 
graph pickups,  produced  by  Caltron 
Company  (11746  W.  Pico  Blvd., 
Angeles  34,  Calif.)  have  a smootn 
response  to  6000  cps  and  a sharp 
cutoff  beyond  top  frequency.  Pc' 
have  no  bearings,  pivots  or  n®e~; 
chucks.  The  manufacturer  states^ 

that  units  will  track  fully  m 
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More 

Yvriacs* 

NOW ! 

A portion  of  our  greatly  expanded 
VARIAC  production  has  been  released 
from  war  orders.  VARIAC  deliveries 
are  improving  daily.  We  hope  that 
within  a comparatively  short  time  all 
models  of  the  VARIAC  can  be  shipped 
promptly  upon  receipt  of  your  order. 

In  the  meantime  you’ll  find  several 
weeks  required  for  delivery  of  some 
models  well  worth  the  waiting  . . . 
VARIACS  are  still  the  original  continu- 
ously-adjustable  autotransformer  first 
introduced  by  General  Radio  . . . re- 
designed to  meet  all  of  the  mechanical 
and  electrical  requirements  for  all 
types  of  service  . • . assuring  rugged 
construction,  long  life  and  the  same 
manufacturing  care  that  is  given  to  the 
finest  G-R  laboratory  instrument 


You  may  have  to  wait  a little  longer 
for  VARIACS,  but  you’ll  be  satisfied 
many  times  longer. 


'ariac 


*The  trade  name  VARIAC  is 
registered  at  the  U.  S.  Patent 
Office.  VARIACS  are  manufac- 
tured and  sold  only  by  General 
Radio  Company  under  our  U.  S. 
Patent  2,009,013. 


YOU  CAN  SET  THESE  FROM  STOCK  At ^.h"v' 
, small  stock  of  the  popular  Types  100-Q  and  100-R  JAMALS 
and  can  ship  immediately.  These  models  are  rated  at  2,000  va. 
The  Type  100-Q  supplies  continuously  adjustable  voltages  from 
sero  to  either  115  or  135  volts  from  a 115-volt  60-cycle  line 
with  a maximum  output  of  18  amperes;  the  Type  WO-R  «up- 
pliea  a maximum  of  230  or  270  volts  from  either  a 230-  or 
115-volt  line  with  a maximum  current  rating  of  9 amperes  from 
a 230-volt  input,  or  4.5  amperes  when  used  on  115  volts.  Price 
of  either  model:  $40.00. 


ONLY  by 


GENERAL  RADIO  COMPANY 


Cambridge  39,  Mass. 


LOS  ANGELES 
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PlGHUU*Uf  of 

RADIO  COMMUNICATIONS 


inueitiaaie 

ERCO'S  COMPLETE  ENGINEERING  SERVICE 


ERCO'S  specialized  knowledge  and  technique  is  reflected  in  custom-built 
equipment  for  such  varied  users  as  Pan  American  Airways,  American 
Airlines,  General  Motors,  Eastman-Kodak,  Grumman,  Sperry,  National 
Carbon,  Westlnghouse,  and  the  Hudson's  Bay  Company. 

Whatever  your  requirements  . . . police,  airline  or  industrial;  mobile, 
ground  to  air,  base  to  branch,  office  to  field  . . . ERCO  provides  complete 
service  in  the  design,  manufacture  and  installation  of  equipment  that  is 
engineered  specifically  to  meet  YOUR  needs.  We  invite  your  inquiry. 


A complete , 
ERCO-BUILT 
Radio  Station 
all  in  one 
package. 


Erco's 

Engineering 
staff  is  available 
to  fulfill  your 
requirements. 


^RCQ> 


ERCO  RADIO  LABORATORIES  ■ 

HEMPSTEAD,  NEW  YORK 

Manufacfui^_^f_C^TOM  BUILT  RADIO  APPARATUS 
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Autoflight 
Instrument 

A microtorque  potentiometer, 
quiring  negligible  force  to 
is  shown  coupled  to  a pressure 
It  can  be  used  to  remotely 
pressure,  to  operate  alarm 
cut  off  switches,  and  for  a 
of  other  devices.  This  autoflight 


tj 

r 


strument,  now  available  for 
mercial  uses,  was  originally 
Dpc (I  for  the  accurate 
>f  data  on  board  aircraft  by  G 


• o r 1A1  Ft 


lated  pressings  with  15  grams  ns 
die  pressure.  The  pickups  are  Bijil 
affected  by  temperature  or  humil 
ity,  and  no  scratch  filter  is  need# 
in  the  amplifier. 


ifornia  St„  Pasadena,  Calif. 


Double-Beam 
Callioile-Ray  Tube 

Type  5SP  double-beam  cathode-ray 
tube  produced  by  Allen  B.  Puj“°!| 
Laboratories,  Inc.,  of  Passaic,  N-  «, 
provides  two  complete  guns  in 
single  5-in.  glass  envelope, 
aimed  at  or  converging  on  the  si 
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SILICA  GEL 


PROTECTS  TELETYPE*  EQUIPMENT 
FROM  MOISTURE  DAMAGE  • • • 


Yes  . . . this  Teletype  printer  arrived  ''per- 
fectly dry"  . . . thanks  to  Jay  Cee  Silica  Gel 
— which  is  protecting  innumerable  over-seas 
shipments  of  delicate  machines,  instruments 
and  weapons  from  moisture  damage. 

A few  small  cotton  bags  containing  this 
ideal  drying  agent  are  enclosed  in  the  box  or 
carton  with  the  equipment.  The  phenomenal 
power  of  Jay  Cee  Silica  Gel  to  absorb  the 
atmospheric  moisture  within  the  container 
prevents  rust  or  corrosion  in  transit.  Jay  Cee 
Silica  Gel  is  also  used  in  packages  of  foods, 
fabrics,  chemicals,  and  other  products.  More- 
over, it  has  wide  application  in  the  air  con- 
ditioning, refrigeration,  and  chemical  indus- 
tries. Jay  Gee  Silica  Gel  is  clear  _ white; 

Ionics  — Oerter »»« 


passes  a rigid  section  test,  meets  exacting 
Government  specifications;  is  strictly  a 
quality  product. 

JOBBERS  WANTED— A few  excellent  Jay 
Cee  Silica  Gel  sales  territories  are  still  open 
to  jobbers.  Write  for  details. 

♦ Registered  trade-mark 


JOLIET  CHEMICALS,  LTD. 

INDUSTRY  AVENUE 
JOLIET,  ILLINOIS 
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gle  screen  for  simultaneous  and 
superimposed  traces.  There  is  com- 
plete and  independent  control  of  the 
X,  Y and  Z axis  functions  for  each 
beam.  Adequate  shielding  between 
guns  and  plates  minimizes  cross 
talk  particularly  at  high  frequen- 
cies. Deflection  plate  leads,  brought 
out  through  the  glass  envelope  wall, 
minimize  shunt-input  deflection- 
plate  capacitance  and  lead  induc- 
tance, and  also  prevent  interaction 
between  signals  caused  by  coupling 
between  long  leads.  Second-anode 
leads  are  also  brought  out  through 
the  envelope  wall  in  order  to  pro- 
vide better  insulation  and  longer 
leakage  paths.  A standard  Army- 
Navy  diheptal  12-pin  base  fits  the 
standard  socket.  The  electrode  volt- 
age ratings  are  similar  to  those  of 
the  Army-Navy  preferred  type 
5CP1.  Contact  connectors  for  elec- 
trode leads  are  supplied  with  the 
tube. 
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F-M  Broadcast 
Transmitters 

Illustrated  is  an  f-m  broadcast 
transmitter,  one  of  a line  of  1,  3, 
10  and  50-kw  units,  recently  an- 
nounced by  Federal  Telephone  & 
Radio  Corp.,  Newark,  N.  J.  The 
transmitters  are  of  a multi-unit  de- 
sign. The  basic  unit  is  the  exciter 
which  generates  the  initial  r-f 
power,  in  itself,  a complete  250-w 
transmitter.  In  this  unit  are  in- 


cluded the  f-m  system,  center  fre- 
quency stabilization  system,  and 
the  r-f  multiplier  and  output  stages. 
The  250-w  output  of  the  exciter 
unit  is  stepped  up  to  1,  3,  10  or  50 
kw  by  a power  amplifier  unit  or 
series  of  such  units. 

Federal’s  new  f-m  broadcast  an- 
tenna arrays  are  fed  by  standard 
coaxial  lines  and  consist  of  from  1 


Where  your  plastic  dial  requirements 
demand  precision  fabrication,  it  wllj 
pay  you  to  call  on  the  experience  an 
skill  of  Sillcocks - Miller  specialists. 
They  can  help  you  in  four  ways: 

1.  In  working  out  your  own  ideas. 

2.  In  developing  new  ideas  for  you. 

3.  In  advising  you  on  the  most  PJ*ttk*j 

and  economical  methods  of  fabr 
tion. 

4.  In  selecting  the  right  plastics  f« 

your  requirements. 

Remember,  it  costs  you  less  to  W 
a little  more  for  Sillcocks  • Mill 
quality. 

Write  for  Illustrated  Booklet 


E SILLCOCKS-MILLER  CO. 

10  Weil  Porker  Avenue,  Moplewood,  N.  J 
Moiling  Address:  South  Orange,  N.  J 


Specialists  in  High  Quality  t Prec  , . 
Made  Plastics  Fabricated  for  Comntsraob 
Technical  and  Industrial  Requlrem 
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A SHORT-CUT 

TO  HAVING  THOSE  CONSUMER  PRODUCTS  REACT 


This  little  message  is  addressed  to  the  "Vice- 
* President  in  Charge  of  New  Consumer  Prod- 
ucts”. For  his  hairs  are  probably  turning 
gray . . . trying  to  get  the  factory  to  give  him 

I a delivery  promise  early  enough  to  cash  in 
on  the  expected  demand. 

And  over  his  shoulder  we  want  to  talk  to  the 
"Vice-President  in  Charge  of  Production” — 
for  he  too  has  problems,  what  with  Unde 
Sam  hounding  his  every  waking  hour  on 
those  remaining  war  orders— at  the  same 
time  the  sales  department  and  the  consumer 
products  division  are  pushing  him  for  de- 
livery schedules. 

K worked  in  war— it  will  work  in  peace 

a It  is  only  three  years  ago  that  American  in- 
I dustry  learned  a big  lesson  in  the  expediting 
of  war  production.  American  industry  RE- 
discovered  the  principle  of  sub-contracting. 

Instead  of  waiting  until  all  departments  of 
a plant  could  be  tooled-up  for  complete  pro- 
duction, the  bottle-necks  were  isolated  and 
! turned  over  to  a good  sub-contractor  as 
grist  for  his  mill. 


It  worked  in  converting  to  war — it  will  work 
again  in  re-converting  to  peace  time  products. 

Why  not  isolate  those  parts  and  assemblies 
that  are  likely  to  delay  the  finished  job  and 
turn  them  over  to  a good  sub-contractor. 

let  Lewyt  Do  It 

Here  at  Lewyt,  for  over  fifty  years,  we  have 
been  pinch-hitting  for  other  manufacturers, 
dove-tailing  our  production  lines  with  their 
assembly  schedules.  We  have  worked  out 
short  cuts  and  tricks  that  enable  us  to  beat 
the  normal  time  required  for  tooling-up. 

It  has  worked  miracles  for  many  manufac- 
turers ...  it  may  be  just  the  answer  to  your 
problem  as  you  face  re-conversion  to  civilian 
production.  At  any  rate  it  won’t  cost  any- 
thing to  investigate  why  some  of  America’s 
leading  industries  have  found  it  profitable 
to  "let  Lewyt  do  it”. 

* * * 

Write  on  your  business  stationery  for  48-page  book,  “ Let 
Lewyt  Do  It”— -the  story  of  the  Lewyt  organization  in  pic- 
tures. Lewyt  Corporation,  60  Broadway,  Brooklyn  I1,N.Y. 


fo«  man  than  so  tub  a contract  manutactiirir  . . . nmriT  star®  to  noooa  cowim  iuciroioc 

■MUUNCAl  AIHHRim.  COMPOMNT  PARTS,  SUO-ASHJM1W  AM  HITA1  PROOUCTS,  10  INI  HOST  OACIWO  RMIMRU 


BUY  VICTORY 
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ri  T J?r'rFT?Tr'T'TV  FOR  any  job 

JLjLjILKj  1 IllLtl  1 1 —ANYWHERE 


"Models  range  from  350  io 
35.000  watts.  A.C.  types  from 
115  to  660  volts;  50.  60.  180 
cycles,  single  or  three-phase; 
400.  500,  and  800  cycle,  single 
phase;  also  special  frequencies. 

D.  C.  types  range  from  6 to 
4000  volts. 

Dual  voltage  types  available. 

Write  for  engineering 
assistance  or  detailed 
literature". 


★ ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electric  service 
for  electronics  applications  as  well  as  for  scores 
of  general  uses. 


Driven  by  Onan-built.  4-cycle  gasoline  engines, 
these  power  uni'.s  are  of  single-unit,  compact  de- 
sign and  sturdy  construction.  Suitable  for  mobile, 
stationary  or  emergency  service. 


Model  shown  Is  from 
W2C  series.  2 and 
3-KW,  60-cycle,  IIS 
volt;  powered  by  wa- 
ter-cooJed.  2-cylinder 
engine 


D.  W.  OMN  & SONS  ® Minneapolis  5,  Minn. 


AND  EIGHT 
RANGEMENTS! 


'lUc! 


. . . for  cooling,  ventilating  pur- 
poses by  America’s  most  prominent 
manufacturers  of  electronic  equipment. 

Available  as  Centrifugal  Fan  and  Motor 
only  or  with  any  one  or  combination  of 
accessories  such  as  Stand,  Inlet  Flange 
and  Discharge  Flange.  Can  be  practically 
custom-built  to  your  needs— with  all  advantages  of  large-scale 
production.  Extremely  compact.  Wide  pressure  range.  Capacity 
60  cfm  at  pressure.  Low  power  input.  Highly  efficient.  "One 
iN  ame-Flate  Guarantee  covers  both  Centrifugal  Fan  and  Motor 
Phone  nearby  ILG  Branch  Office  (consult  classified  directory) 
or  write  us  today  for  engineering  data  and  attractive 
prices.  Special  equipment  can  be  furnished  for  special  requirements 


ILG  ELECTRIC  VENTILATING  CO.,  CHICAGO  41,  ILL. 

2882  N.  Crawford  Aye.  • Office,  in  40  Principal  Cifie. 


VITALIZED  VENTILATION 

AND  AIR  CONDITIONING 
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to  12  or  more  loops,  each  embody- 
ing two  or  more  half-wave  elements. 
The  arrays  are  factory-tuned  for 
easy  installation. 


r 


Marine-Radio 

Telephones 

Four  new  models  of  marine-radio 
telephones  for  communications  re- 
quirements in  the  yachting  and 
coastal  harbor  services  are  an- 
nounced by  Hudson  American 
Corp.,  a subsidiary  of  Beeves-Ely 


I 

I 


Laboratories,  Inc.,  25  West  43rd 
St.,  New  York  18,  N.  Y.  The  com- 
plete line  covers  ship-to-ship,  ship- 
to-shore,  and  ship-to-Coast  Guard 
(emergency)  marine  radio  tele- 
phones ranging  from  5 watts  to  75 
watts  and  operating  on  frequencies 
between  2100  kc  and  2800  kc.  Fea- 
tures of  the  units  include:  no  var- 
iable capacitors  are  used  in  the 
sets;  provision  for  the  completely 
individual  adjustment  of  each  chan- 
nel; and  complete  crystal  control 
of  the  transmitter  and  receiver. 
An  outstanding  feature  is  the  de-  , 
velopment  of  a new  transmitter- 
output  coupling  system,  designed 
to  give  greater  efficiency  of  opera- 
tion and  to  minimize  both  interfer- 
ence with  other  communications 
and  harmonic  radiation. 


Potentiometer 

A new  type  of  precision,  ten-turn 
helical  potentiometer,  known  as 
Micropot,  is  announced  by  Thomas 
B.  Gibbs  & Co.,  Delavan,  Wis.  The 
Micropot  is  linear  within  1/10  1 

percent  (resistance  is  directly  pro- 
portional to  shaft  rotation  over  the 
entire  range  of  a 20,000-ohm  uoit 
to  within  plus  or  minus  20  ohms). 
Ten  full  turns  on  the  standard  1-in- 
shaft  drives  a sliding  contact 
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Radio  equipment?  Right.  And  one  thing 
more:  a common  need  to  make  sure 
the  transmitter  is  on  the  correct 
frequency. 

This  means  that,  postwar,  most  transmitter 
users  will  also  have  in  common  the  proud 
ownership  oi  a very  special  piece  of  equip- 
ment. For  there  is  only  one  piece  of  equipment 
which,  at  a modest  price,  accurately  and 
quickly  checks  the  frequency  of  any  trans- 
mitter and  is  especially  designed  for  mobile 
services.  That  is  the  Browning  Frequency  Meter. 

For  literature  containing  complete  descrip- 
tive data,  write  for  the  Frequency  Meter  Bulletin. 


LABORATORIES,  INC. 

WINCHESTER,  MASSACHUSETTS 
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TRU-SONIC 


CO-AXIAL 

SPEAKERS 

Licensed  under 
Western  Electric  Patents 

STEPHENS 

MANUFACTURING  CO. 


10416  NATIONAL  BLVD. 

LOS  ANGELES  34,  CALIFORNIA 
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across  more  than  40  in.  of  wire- 
wound  resistance  element.  The 
complete  potentiometer  measures 
2J-in.  in  diameter  and  extends  24- 
in.  behind  the  panel.  The  running 
torque  is  rated  less  than  li-in.-oz. 
at  room  temperature,  and  not 
greater  than  3-in.-oz  between  minus 
56  and  plus  70  C.  The  resistance 
element  (with  both  end  terminals 
soldered  in  place)  is  molded  as  an 
integral  part  of  the  housing  to  pre- 
vent any  loosening  or  shifting  of 
the  turns  of  resistance  wire  and  to 
insure  stability  both  as  to  linearity 
and  total  resistance.  The  potenti- 
ometers are  available  in  several  re-  j 
sistance  values  from  5000  to  30,000  \ 

ohms.  \ 

Aircraft  Marker  i 

Receiver 

Marker  receiver  (75  me)  provide  i 
stable  lamp  indicator  operation  un- 
der varying  conditions  of  supply 
voltage,  temperature  and  humidity. 
Audio  frequency  output  at  the  vari- 
ous tone  modulations  is  used  to  heat 
the  filament  of  the  indicator  lamps, 
thus  eliminating  the  need  for  satur- 
able reactors,  relays  and  other  in- 
termediate operating  means.  An- 
other feature  of  these  units  is  the 
consistent  and  reliable  lamp  and 
audio  indications  produced  at  low 
supply  voltage  (11  and  22-v  d-c). 
The  stabilized  superheterodyne  re- 
ceiver with  crystal  oscillator  util- 
izes i-f  transformers  which  are  pro- 
vided with  an  easily  adjustable 
coupling  control.  This  coupling 
control  simplifies  adjustment  pro- 
cedures and  permits  variation  in 
the  overall  selectivity  characteris- 
tic to  provide  peak  or  band  pass  re- 
sponse as  required.  The  two  types 
of  marker  receivers  available  in- 
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ude  Type  NM  53-A  which  is  not 
iterchangeable  with  present  equip- 
lent,  and  type  MN  55-A  which  is 
iterchangeable  with  other  manu- 
acturers’  receivers.  Bendix  Radio, 
ialtimore  4,  Md. 


Voltmeter 

Model  565  vacuum-tube  voltmeter 
itilizes  a probe  which  is  designed 
[or  measuring  r-f  voltages  and 
which  is  small  enough  that  it  can 
be  held  in  the  hand  as  a test  lead. 
The  probe  contains  a high-fre- 
quency diode  of  the  miniature  type 
and  it  can  also  be  used  for  measure- 
ment, with  negligible  frequency 
error,  over  a frequency  range  of  50 
cycles  to  100  me.  Shielded  leads 
are  used  in  the  d-c  voltage  measure- 
ment circuits.  Each  shield  has  in- 
stalled in  it  a 20-meg  isolating  re- 


sistor which  also  acts  as  part  of  the 
multiplier  resistors.  Input  imped- 
ance of  80  meg  on  the  1-v  range 
and  40  meg  on  the  500-v  range 
makes  it  possible  to  make  voltage 
measurements,  with  negligible 
error,  in  circuits  having  extremely 
high  impedance.  A balanced  bridge- 
type  circuit  (using  nearly  100  per- 
cent degenerative  feedback)  elimi- 
nates errors  due  to  line-voltage  shift 
and  due  to  grid  current  in  the  tube 
ffhich  operates  the  meter.  D-c  volt- 
! a?e  ranges  of  0-1,  0-2.5,  0-10,  1-100, 
0-250,  and  0-500  and  a-c  voltage 
ranges  of  0-1,  0-2.5,  1-10,  1-100  and 
0-250  are  provided  by  pushbutton 
selection.  Supreme  Instruments 
Greenwood,  Miss. 


Lockheed's  sensnlioiud 
new  jet-propelled  su- 
per fighter,  the  P-80 
“ Shooting  Star,”  is 
the  world’s  fastest  and 
highest  flying  plane. 


WORLD’S 
FASTEST  PLANE 

ANDREW  COAXIAL 
CABLES! 


w It  is  highly  significant  that  Andrew 
* coaxial  cables  were  chosen  for  the  vital 
radio  and  radar  equipment  installed  in  the 
P-80.  They  were  selected  because  they  are 
much  more  resistant  than  ordinary  solid 
dielectric  cables  to  the  high  temperature 
encountered  in  the  tail  of  the  plane. 

Andrew  Co.  is  a pioneer  manufacturer  of 
antenna  tuning  and  phasing  equipment,  in- 
cluding a complete  line  of  ceramic  insulated 
coaxial  cables  and  all  necessary  accessories. 
Write  for  catalog. 


Television  Connector 

I '^STeated  is  a television  con- 
( “ector  designed  to  utilize  a mini- 
mum of  space  behind  the  prongs  of 
e ^be.  The  connector  can  be  used 
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363  EAST  75th  STREET,  CHICAGO  19,  ILLINOIS 
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Private-brand  radios  for 
America’s  best  retailers! 


o Retail  Chains,  Furniture  Chains, 

• Department  Store  Buying  Combines 

DO  YOU  PLAN  TO  SELL  FROM 
5,000  TO  20,000  RADIOS  A YEAR? . , . 


We  trill  make: 

V 5-  and  6-lube  AC-DC  table  model  radios 
in  bakelite,  catalin  and  wood  cabinets 

V Table  radio-phonograph  combinations 

V Portable  phonographs 


Onr  policy  has  consistently  been  to  keep  costs'  at  rock- 
bottom;  to  accept  orders  only  when  we  can  fill  them  and 
live  np  to  agreed-on  terms.  We  welcome  inquiry. 


ESPEY 


First  of  the  pre-war  radio  monutodwter*  In  the  Now 
York  Metropolitan  area  to  win  the  Army-Navy  "E." 

MANUFACTURING  COMPANY,  INC. 


33  WEST  46th  STREET,  NEW  YORK  19,  N.  Y.  • BRYANT  9-2300 


AGASTAT 

■IICTRO-PNKUMATIC  TIME  DELAY  RELAY 

ELIZABETH  AGA  NEW  JERSEY 
AMERICAN  OAS  ACCUMULATOR  COMPANY 


Higher  Vacuum  (in  the 
low  micron  range) 

High  volumetric  efficiency 
Low  power  requirement 
Complete  discharge  of  crir 
— no  re-expansion 
Continuous  dehydration  of 
oil  — no  moisture  to  re- 
evaporate 

Discharges  sudden  slugs 
of  liquid  without  injury 
Easily  accessible,  non-cor- 
rosive discharge  valve 
Rugged,  compact,  simple 
construction 

Long  life  . . . negligible 
maintenance. 

Five  sizes — from  10  to  235 
cu.  ft.  per  min. 


hi 


i 
i 

■ ■ 
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• Require  no  calibration 

• Rapid  readings  . 

• Simple  to  operate — Just  tip  o°d 

read  ■ 

• Two  models  (AA)  0 to  501)0®!*  I 
crons— (BB)  0 to  700  microns, 
readings  to  1/10  micran. 

F.  J.  STOKES  MACHINE  CO. 

4044  Tobor  Road  Philad.Ipk'O  20,  to. 

^ I 
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interested,  too,  in  the  col- 
orful and  unique  applica- 
tion of  Cellusuede  on  the 
booklet  cover.  Write  for 


WOLLASTON  PROCESS 


Get  This  New  Booklet  on 


FLOCK 


An  interesting  and  colorful  book- 
let on  their  product  has  been  pre- 
pared for  your  information  and 
convenience  by  the  makers  of  Cel- 
lusuede Cotton  and  Rayon  Flock. 
Brief,  dear  explanations  give  all 
the  facts  you’ll  want  to  know  about 
this  versatile  coating  material ; what 
it  is  made  of;  how  it  is  applied;  how  it  can  be  used.  In  the  pages 
of  this  booklet  you  may  find  the  answer  to  one  of  your  manufactur- 
ing problems.  You  will  be 


your  copy. 
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Wire  as  small  as 

1 ( OF  AN  INCH 

100,000  J IN  DIAMETER 

. . . available  la  Platinum 
and  torn*  other  Metals 

.00001"  is  l«ss  Mian  1/30  Mia 
diameter  of  the  smallest  wire 
die  commercially  available. 
Yet  our  Wollaston  Process 
wire  (drawn  in  a silver  jacket) 
closely  meets  your  specifica- 
tions for  diameter,  resistance 
and  other  characterisHcs. 

• 

This  organisation  specializes 
in  wire  and  ribbon  of  smaller 
than  commercial  sizes  and 
closer  than  commercial  toler- 
ances. Writ*  It  Utl  of  Products. 


SIGMUND  COHN  & CO. 


We  Invite 


The  Dongan  Line 
Since  Nineteen-Nine 


since  i9oi 


In /mines 


44  GOLD  STREET  NEW  YORK  7 
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has  instantaneous  trip  at  eight  to 
‘ ten  times  full  load.  It  also  has  a 
I selection  of  three  time  delays,  any 
one  of  which  may  be  specified. 
Overall  dimensions  are:  5i  in.  long 
bv  2-11  in.  high  and  2 in.  wide. 

, 

Meter  for  Measuring 
Maximum  Shock 

A measuring  device,  designated  as 
the  G Meter,  reads  the  value  of  the 

inntximum  intensity  of  shock,  even 
though  that  maximum  exists  for 
an  extremely  short  duration.  The 
’ gravitational  unit  G is  used  as  the 
I unit  of  measure.  The  meter  con- 

Isists  of  the  G meter  itself  (which 
is  subjected  to  the  shock)  and  the 
electronically-operated  indicating 
mechanism.  The  two  are  inter- 
connected by  a multi-wire  cable. 
The  entire  device  operates  from  a-c 
power.  Readings  are  obtained  by 
means  of  a series  of  lights  which 
glow  at  a given  impact  and  which 
represent  graduating  degrees  of 
shock. 

The  meter  can  be  used  to  deter- 
mine the  shock  involved  due  to 


* 


vibration  even  at  relatively  high 
frequencies;  shock  transmitted  to 
the  various  components  of  any  mov- 
ing mechanism;  shock  adminis- 
tered to  a radio,  or  a carburetor, 
or  any  other  part  of  a car  or  a 
plane. 

Another  application  of  the  meter 
is  in  packaging  materials  to  deter- 
mine various  means  for  providing 
full  protection  of  packaged  mate- 
fisl-  In  this  application,  the  meter 
■s  securely  mounted  and  incor- 
porated in  a mock-up  of  the  article 


1 ™ose  Packaging  is  to  be  tested. 
The  size  and  weight  are  adjusted 
: 1(1  simulate  the  article  itself.  This 
moclt'UP  is  then  wrapped,  and  the 
lit  completed  package  dropped  a 

own  distance.  The  reading 
S ° a direct  indication  of 
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Prioritia*  on  oil  radio  port*  and  oUctronic  oqoipmont  havo  boon 
romovodi  You  can  again  ardor  long-scarca  items,  until  now  available  only  to  pro- 
ducers far  war.  Concord  is  roady  to  fill  your  needs,  from  vast  stocks. 


RADIO  PARTS  • ELECTRONIC  EQUIPMENT 

ORDER  TODAY  FOR  SHIPMENT  TOMORROW 


Our  shelves  are  loaded  with  standard, 
lines  of  high  quality  nationally  known 
parts  ana  equipment  until  recently 
reserved  lor  government  agencies  and 
war  manufacturers.  These  are  now 
released  for  you  . . . Tubes,  Con- 
densers: Transformers,  Resistors, 
Test  Equipment,  Amplifiers,  Inter- 
coms, Repair  and  Replacement  Parts 
of  every  description,  and  hundreds 
of  other  essential  items.  Our  two 
shipping-warehouses — one  in  CHI- 
CAGO and  one  in  ATLANTA— can 
fill  most  orders  in  24  hours  from  the 
day  they  reach  us.  No  matter  what 
you  need  in  parts  and  equipment, 
order  from  CONCORD  for  depend- 
able quality,  excellent  values,  and 
immediate  service. 

Mail  Coupon  for  FRRS  Copy 


Aerovox  • Amphenol  s Amp. rite  • Astatic 
I & W • Cardw.ll  a c.afralab  • Com.ll- 
DublTi.r  * Eimoc  . General  Electric  e Halll- 
crofters  e Haintx  & Kaufman  a Hlckok  a IRC 


"VICTORY  CUARANCi  FlYIR" 

We  have  just  published  an  exciting 
new  Flyer  offering  thousands  of 
standard-line,  standard-quality 
parts  and  equipment  at  Victory 
Clearance  prices.  It  contains  excep- 
tional values  in  many  items  you  have 
not  been  able  to  obtain  at  any  price. 
Consult  this  VICTORY  CLEAR- 
ANCE FLYER  before  you  buy.  It 
will  save  you  money.  Mail  coupon 
below  for  your  copy— it’s  FREE. 


Janette  a Jensen  o Johnson  a Mallory 
Meissner  e National  e Ohmita  e Presto  a RCA 
Raadrite  a Shura  a Simpson  a Sprague 
Stancor  e Supreme  o Thor d arson  a Triplett 
UTC  O Universal  a Utah  a Weston  a Womet 

Order  from  former  Catalogs 
No.  345  and  No.  94 

Our  former  catalogs  No.  345  and  No.  94 
contain  many  parts  now  available.  Use 
them  to  order  what  you  need ! 


CHICAGO 

LUIlLUnU  ATLANTA 


RRDIO  CORPORATION 
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HIGH  GAIN  END-FIRE  ARRAYS 

Hie  pattern  of  the  18  element,  high  gain,  end-fire  array  (illus- 
trated above)  will  convey  more  than  words,  the  capabilities 
of  the  Workshop  for  manufacturing  antennas  to  fill  your 
requirements.  Due  to  our  exceptional  electronic  test  equip- 
ment for  measuring  gain,  pattern  and  impedance  match  we 
can  readily  meet  the  most  exacting  specifications  for  all  types 
of  antennas  suitable  for  use  in  the  high  frequency  spectrum 
— from  30  me  up. 

If  you  have  an  antenna  problem  in  the  VHF,  UHF,  or  SHF 
bands  we  can  help  you  — write  or  phone  the  details. 

Ths  WORKSHOP  ASSOCIATES 


FOR  THE  ELECTRONIC  INDUSTRY 
M NEEDHAM  STREET,  NEWTON  HIGHLANDS  61,  MASSACHUSETTS 
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An  Invitation  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


f OR  BRUSHES 

High  current  density,  low  contact  drop,  low 
electrical  noise,  and  self-lubrication  are 
characteristics  of  this  silver-impregnated 
molded  graphite  that  moy  be  the  answer 
to  your  electrical  brush  problems. 


FOR  CONTACTS 

low  contact  resistance  ond  non-welding 
when  breaking  surge  currents  are  inherent 
properties  of  this  unique  combination  of 
conductive  silver  and  self-lubricating 
graphite. 


SAMPLES  of  Silver  Graphalloy  will  be  gladly  tarnished  for  feu  on  yew  applications. 
SHeer  Grapholloy  Is  usually  silver  plated  fo  permit  easy  soldering  to  leaf 

springs  or  holders.  Why  not  WRITE  NOW  for  your  test  samples'!  ^ 


GRAPHITE  METALLIZING  CORPORATION 

1055  NEPPERHAN  AVE  • YONKERS,  NEW  YORK 
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From  the  product  de- 
signer through  to  final 
assembly  and  use  in 
the  field,  the  Eby  Spring 
Binding  Post  line  offers 
top  service  based  on 
dependability. 

The  spring  binding  post 
offers  unique  advan- 
tages that  can’t  be 
duplicated: 

1 . N o screw  cap  to 
tighten  or  come 
loose  with  vibration. 

2.  Constant,  even  pres- 
sure on  the  wire  at 
all  times  in  all  posi- 
tions. 

3.  Easy  one-hand  feed- 
ing of  wire  into  the 
post. 

4.  Corrosion  - resistant, 
long-life  springs. 

5.  Complete  range  of 
sizes,  stem  lengths, 
and  accessories  for 
every  application. 

Replace  with  Eby  Spring 
Binding  Posts  — Write 
today. 


HUGH  H. 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


EBY 

INCORPORATED 

JJW.CK11DUYE 
PHILADELPHIA,  PA 
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An  important  statement  on 

CARDWELL  deliveries . . . 

Almost  all  standard  Cardwell  Capacitors  are  now 
being  made  at  our  Plainville,  Connecticut,  plant. 
The  splendid  facilities  of  this  newly  acquired  plant 
will  permit  us  to  produce  greater  quantities,  and 
to  considerably  improve  delivery  schedules. 


JgV>4  1 
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...  a valuable  new  edition,  just  off  the  press.  Filled  with  descrip- 
tions, charts  and  photographs  of  standard  Cardwell  capacitors, 
accessories  and  precision  instruments. 

...  a handy  reference  manual  of  unusual  interest  to  engineers  and 
purchasing  agents  working  on  present  and  postwar  projects.  Your 
copy  will  be  sent  immediately. 


MAIL  THIS  COUPON  TODAY 


THE  ALLEN  D.  CARDWELL  MFG.  CORP. 

81  PROSPECT  STREET 
BROOKLTN  1.  NEW  YORK 

Please  send  me  a copy  of  the  Cardwell  Catalog  #46. 


IARDWELL  ^ CONDENSERS 

THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 
| me  MLLCM  ^ BROOKLYN  1.  N.Y. 

hi  PROSPECT  STREET 
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. in  appearance 
...  in  assembly 

ELECTRIX 

PLUGS  offer 

IQ  Superior  features  of 
mechanical  design 


® Quick,  easy  assembly 

Lowest  cost  f 
finished  unit 


RAD ELL-BU  I LT  PRODUCTS 


• It  Is  easy  to  recognize  the  marks  of  superior 
craftsmanship  In  Radell-built  electronic  products.  With 
a broad  basic  knowledge  and  advanced  production  skill, 
Radell  Corporation  is  a versatile  organization  specializ- 
ing in  the  assembly  and  sub-assembly  of  highest 
quality  electronic  products. 


COMPUTE  FACILITIES  FOR  AUDIO  WORK 


HARRISON 
0*  HAS  RECEIVERS 


s si 


110  KC  TO  210  MC! 

FOR  IMMEDIATE  DELIVERY 
Here's  the  good  news  we've  all 
been  waiting  for.  Harrison  caa  ship 
you  WITHIN  24  HOURS  a brand 
new,  latest  improved  model  Com* 
munications  Receiver. 

But  hurry!  We  don't  expect  even 
our  tremendous  stock  to  be  ade* 
quote  for  the  pent-up  demand.  It's 
first  come — first  served,  so  wire  or 
mail  your  order  right  now. 

110  KC  TO  18  MC 
I HALLICRAFTERS  S-22R 


I The  Skyrider  Marine — an  efficient  marine 
receiver  at  a moderate  price.  Protected 
against  salt  air.  AC  or  DC  operation.  Top 
performance  afloat  or  ashore. 

Eight  tubes,  nickie  plated  chassis,  bullt-le 
speaker.  Complete  $74.50. 

550  KC  TO  42  MC 
I HALLICRAFTERS  SX-28A 


b: 
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I Here's  the  new  Super  Skyrider— the  receiver 
that  played  an  outstanding  role  In  War 
Communications!  Improved  — up-to-the-min- 
ute—ideal  for  Lab  or  home. 

15  tubes,  crystal  filter,  noise  limiter,  ad- 
justable band  width $223 

27.8  TO  143  MC 

IHALLICRAFTER  S-36 

FM-AM-CW,  full  cov.r.g.  in  thra.  bandl, 
fifta.n  tubai,  IIS/230  V.  AC  op.r«tloni, 

audio  system 
flat  from  40  to 
15,000  cycles, 
noise  1 1 m i- 


130  TO  210  MC 

I HALLICRAFTERS  S-37 

Advanced  features  of  design  providing  peak 
VHF  performance.  FM-AM,  two  RF  stages, 
three  I.F.  stages,  voltage  regulated,  me- 
chanical bandspread.  14  tubas,  noise  limi- 
ter  . $591.75 


Halllcrafters  - Jensen  10  Inch  PM  dynamic 
speaker  in  cabinet  to  match  above  receivers. 
PM-23  $» 


NATIONAL  H R O 

Nine  tubes.  1.7  to  30  MC  Table  mod*!- c.°"*: 
plete  with  tubes,  speaker  and  pack.  $226.35 


Literature  deeerlbini  thee#  Rec#hr«n  Is  evallebU 
upon  requeet 

(Prices  subject  to  ehame  without  not,e#> 
Have  you  our  new  800  page  BUYERS 
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[ tion  engineers  and  is  designed  to 
provide  an  understanding  of  the 
' principles  of  electronics  and  to  give 
an  idea  of  the  part  electronics  will 
play  in  future  industrial  develop- 
ments. A brief  discussion  on  the 
fundamentals  of  conversion  and 
■ COntrol  of  electric  power  in  a load 
prefaces  the  introduction  to  the 
. subject  of  electron  tubes.  The  dis- 
: cussion  of  tubes  is  divided  into  two 
main  parts:  vacuum  and  gaseous. 
Differences  between  a vacuum  tube 
and  the  equivalent  mechanical  de- 
; vice,  methods  of  specifying  tube 
performance,  application  of  tube 
characteristics  for  design  purposes, 
and  use  of  the  high-speed  response 
of  the  tube  are  explained.  Princi- 
ples of  tube  detector  action  with 
applications,  and  principles  of  tube 
oscillators  with  application  to  in- 
duction and  dielectric  heating  are 
also  given.  Line  drawings,  curves, 
and  sketches  add  to  the  compre- 
hensiveness of  this  booklet.  Allis- 
i Chalmers  Mfg.  Co.,  Milwaukee  1, 
Wis. 

I 

RCA  Questions  and  Answers.  A 
48-page  book  entitled  “RCA,  What 
It  Is,  What  It  Does”  was  pub- 
lished in  response  to  questions  that 
*.  are  often  asked  of  RCA.  The  book- 
“ let  covers  such  subjects  am  broad- 
casting, television,  manufacturing, 
communications,  marine  radio, 
technical  training,  research  and 
k engineering  and  other  data  about 
RCA  Radio  Corporation  of  Amer- 
’ ica,  80  Rockefeller  Plaza,  New  York 
20,  N.  Y. 
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Substitute  Tubes  for  Diathermy. 
A substitution  list  of  tubes  for 
diathermy  apparatus  has  been  pub- 
lished by  Taylor  Tubes,  Inc.,  2812 
Wabansia  Ave.,  Chicago,  111.  The 
leaflet  lists  the  equipment  by  manu- 
facturer and  shows  which  type 
tabes  are  furnished  with  the  unit 
and  the  Taylor  tube  substitute. 

Bushings  and  Insulators.  Dimen- 
sional and  electrical  data  on  Tronex 
1300  line  of  solder-seal  bushings 
is  contained  in  an  8-page  booklet 
available  from  T.  C.  Wheaton  Co., 
Industrial  Div.,  Millville,  N.  J. 
One  page  of  the  booklet  illustrates 
frpes  of  electronic  components 
available,  and  two  pages  of  the 
booklet  give  background  data  on 
Wheaton. 
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MEETING  today’s  rigid  requirements 
of  uniform,  versatile,  high-capacity 
production. 

The  units  pictured  here  are  part  of  a large  battery  of  the 
new  D.P.I.  Vacuum  Coaters— Model  LC  1-500-3,  designed 
to  deposit  metals  or  metallic  salts  on  glass,  other  metals, 
and  plastics. 

SIX  OUTSTANDING  FEATURES 

1.  Fast  evacuation' cycle 

2.  Convenient  high-vacuum  valve 

3.  Rugged  construction 

4.  Low  maintenance  costs 

5.  Simplicity  of  operation 

6.  Completeness— ready  for  operation 
with  the  necessary  pumps, 
gauges,  controls,  wiring, 

and  service  connections 

For  further  information  on  D.P.I.  vacuum  coating  equip- 
ment . . . Write  Vacuum  Equipment  Division. 


DISTILLATION  PRODUCTS,  INC. 

JoW/y  own'J  by  EASTMAN  KODAK  COMPANY  o*d  GENERAL  MILLS.  INC. 

ROCHESTER  13,  N.  Y. 
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DIALCO  FOR  POST-WAR  PILOT  LIGHTS 


PERFECT  YOUR 


EMUS 


a 


PILOT  LIGHT  ASSEMBLIES 

HOUSING  NEON  OR  MAZDA  LAMPS 

GREATER  emphasis  on  functional  design  is  the  trend  in 
post-war  engineering  of  Electrical-Electronic  Products. 
Mindful  of  this  fact,  Dialco  has  produced  a line  of  Pilot  Lights 
calculated  to  meet  readily  all  post-war  requirements.  Com- 
prising Warning-and-Signal  Pilot  Lights.  Panel  Lights.  Jewel 
Assemblies,  and  Socket  Assemblies,  the  Dialco  line  offers  un- 
limited variations  in  functional  design,  size,  shape,  electrical 
characteristics,  color,  finish,  etc.  Special  emphasis 
on  applications  of  NEON  Glow  Lamps. 

Let  our  Engineering  Dept,  help  you  select  the  Pilot 
Light  best  suited  to  the  functional  design  of  your 
post-war  product. 

PLUS  LAMPS:  To  help  speed  production,  we  offer 
Pilot  Lights  completely  assembled  with  the  required 
General  Electric  or  Westinghouse  Lamps. 


WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 


900  BROADWAY  • NEW  YORK  3,  N.  Y. 

Telephone:  ALgonquin  4-5 1 80- 1 -2-3 


Digitized  by 


yG00gI( 


Fungus-Proofed 

Waxes 

As  a vital  service  to  the  Armed 
Forces  we  now  offer  Fungus  Resist- 
ant Materials.  These  recently  devel- 
oped  products  are  the  answer  to 
Communications  requirements 
where  the  impregnation  or 
coating  of  radio  parts 
and  equipment  are 
concerned. 


vZOPHAR  waxes  and  compounds 
meet  every  specification  of  both  the 
Army  and  Navy  for  waterproofing 
and  insulating  all  electrical  and 
radio  components.  They  also  have 
wide  application  in  packaging  of 
every  description. 


ZOPHAR  MILLS 


11 2- 130 -26th  STREET 
BROOKLYN,  N.Y. 


ESTABLISHED  1846 


BELL 

MAY  HAVE 
THE  “Key” 
TO  YOUR 
ELECTRONICS 
NEEDS 


The  right  use  of  elec- 
tronics may  unlock 
new  possibilities  for 
your  postwar  product,  or  open 
the  way  to  new  efficiency  on 
your  production  line.  Bell  engi- 
neers may  have  the  key  — the 
electronic  answer  — to  your 
needs  I BELL's  wide  experience 
in  designing  and  building  elec- 
tronic assemblies  and  controls  — 
from  the  earliest  developments 
right  through  to  the  latest  types 
— qualifies  them  to  serve  you. 
Your  inquiry  will  not  obligate 
you  in  any  way. 

AMONG  PRESENT  BELL  PROD- 
UCTS ARE  — Electronic  Sound 
Devices  — Intercommunicating 
Systems — Industrial  Voice-Paging 
and  Broadcasting  Equipment 
Permanent  and  Portable  Amplify* 
ing  Systems — Recording  and  Disc 
Playing  Units  — 

| Electronic  Controls 
f / BE — Operating  Se- 
quence Recorders 
— Other  Special 
Devices. 


bell 

SOUNI 

SYST1 


IND 

£MS 


BELL  SOUND  SYSTEMS,  INC. 

1189  Essex  Ave.  Columbus  3.  Ohio 

Export  OH.  4900  Euclid  A»e..  Cleveland  3,  Ohio 
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CHICAGO  TRANSFORMER 

DIVISION  OF  ISSIX  Will  CORPORATION 

3501  WEST  ADDISON  STREET 
CHICAGO,  18 


FILTERS 

fyea/um  9llack'/o/i 


Engineering  experience  and  man- 
ufacturing know-how  combine  to 
make  Chicago  Transformer  un- 
usually well  qualified  to  design 
and  produce  all  types  of  audio 
frequency  filters  for  the  most  ex- 
acting requirements. 


Also  makers  of . . , 

Power  transformers  for  radio 
ond  other  electronic  circuits, 
vibrator  power  transformers, 
audio  and  Otter  reactors,  in- 
strument transformers,  auto 
md  control  transformers, 
wave  fitter*,  fluorescent  bal- 
lasts and  ignition  coils. 


WAVE 


ttttt  *AlR  RIG 


Digitized  by  Lnoogle 


HARVEY 

delivers 

RADIO  AND  ELECTRONIC 
EQUIPMENT 

WITHOUT  PRIORITY 

anywhere  in  the 

U.  S.  A. 


Wan  Government  regulations  elim- 
inated, HARVEY  can  now  fill  your 
needs  for  radio,  electronic,  test  and 
laboratory  equipment  more  quickly 
and  efficiently  from  the  finest  and 
largest  stocks  in  our  history. 

HARVEY  carries  the  lines  of  lead- 
ing American  radio  and  electronic 
manufacturers.  Their  long-promised 
postwar  products  will  he  on  our 
shelves  the  very  moment  they  are 
released. 

Our  experienced  staff  is  ready  to 
serve  you. 


Special  Scuf! 

Heavy  Duty  Desk  Panel 
Cabinets 


8%"  high  * 1?"  long  * 14%"  d«ep 

Ideal  for  small  transformers,  public 
address  amplifiers,  oscillators,  test 
equipment,  etc. 

These  cabinets  are  rigidly  con- 
structed of  1/16"  cold  rolled  steel, 
with  all  joints  electrically  welded. 
Louvres  provide  ample  ventilation 
through  sides  and  back.  Top  door 
is  mounted  with  piano  type  hinges, 
and  locks  with  flush  mounted  snap 
catches.  Two  sturdy  handles  are 
mounted  on  each  side  and  semi- 
recessed.  Black  ripple  finish.  Suit- 
able for  standard  8%"  x 19"  relay 
rack  panel  or  any  size  chassis  up 
to  13"xl7".  Price.  $4.95. 


Telephone  Orders  to  LO  3-1800 


IT  I FIT  T«Y  Y 
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the  reader  that  this  company  has 
engineered  a comprehensive  and  in- 
tegrated communication  system 
which  can  be  adapted  to  the  indi- 
vidual requirements  of  each  rail- 
road. The  brochure  contains  many 
illustrations  relating  to  different 
phases  of  railroad  communication. 
Maguire  Industries,  Inc.,  Elec- 
tronics Div.,  1437  Railroad  Ave., 
Bridgeport,  Conn. 


Electronic  Equipment.  Rectifiers, 
test  equipment,  aerial  printer,  elec- 
tronic timers,  solenoid  brakes,  400- 
cycle  timers,  junction  boxes,  oscil- 
lators, switches,  solenoids,  antennas 
are  all  illustrated  in  a 4-page  bul- 
letin entitled  “Electronic  Equip- 
ment” which  tells  the  reader  that 
Richardson-Alien  Corporation  spe- 
cializes in  electronic  engineering, 
development  and  production.  15 
West  20th  St.,  New  York  11,  N.  Y. 


103  WEST  43rd  ST.f  NEW  YORK  18.  N Y 


Radio  Accessories.  General  Ce- 
ment Manufacturing  Co.,  of  Rock- 
ford, 111.,  have  issued  a catalog 
(No.  146)  which  contains  a com- 
plete listing  of  their  line  of  radio 
cements,  chemicals,  hardware,  cab- 
inet repair  kits,  repair  parts,  tools 
and  other  service  accessories. 


Electrical  Instruments.  Types 
TD  and  TA,  RD  and  RA,  DD  and 
DA,  OD  and  OA,  VD  special,  PD 
and  PA,  and  VD  and  VA  improved 
ammeters  and  voltmeters  are  illus- 
trated and  described  in  three  sep- 
arate pieces  of  literature  available 
from  the  manufacturer,  The  Nor- 
ton Electrical  Instrument  Co., 
Manchester,  Conn. 


Precision  Instrument  Dials.  A 
4-page  bulletin  (Form  No.  1-745- 
2M)  from  American  Dial  Co.,  Inc., 
(450  West  45th  St.,  New  York  19, 
N.  Y.)  contains  many  illustrations 
and  descriptive  data  of  precision 
instrument  dials  which  have  been 
produced  by  means  of  an  optically- 
recording  instrument  which  utilizes 
a combination  of  optical  and  electro- 
mechanical principles.  Dial  gradu- 
ations are  available  in  any  dimen- 
sion from  three  microns  (0.000120 
in.)  in  width  for  microscopic  dials 
up  to  any  desired  size  to  meet 


ACCURACY  OF 
LARGER  METERS  IN 

MB  1-inch 
Miniatures 

Precision  designed  and  skillfully  built, 
MB  meters  have  the  stamina  and  ac- 
curacy to  meet  the  most  precise,  rigor- 
ous tests.  Lightweight  moving  coB 
mounted  on  standard  size  jewel  bear- 
ings and  pivots  . . . powerful,  reten- 
tive magnet  . . . hermetically  sealed, 
anodized  aluminum  case — all  combine 
to  give  ability  to  withstand  vibration, 
shock,  temperature  extremes,  moisture. 

These  1 hi  oz.  instruments  are  avail- 
able in  standard  DC  ranges  from  100 
microamperes  through  10  milliamperes 
. . . and  0-10  and  0-60  millivolts.  Stan- 
dard external  shunts,  multipliers,  rec- 
tifiers available  for  other  ranges.  MB 
also  offers  a 1 %-inch,  1 H oz.  model  self- 
contained  in  all  standard  DC  ranges, 
and  rectifier-type  AC  voltmeters  and 
milliammeters. 

MB  miniature  meters  are  adaptable 
to  a hundred  and  one  uses.  Our  en- 
gineers will  be  glad  to  aid  in  your 
problems.  Write  Dept.  G for  catalog 
and  details. 

THE 

E>  MANUFACTURING 
IVlD  COMPANY,  INC. 

ELECTRICAL  METERS  EUR 
AIRCRAFT  AND  PORTABLE  EfllllPMENT 


Instrument  Division 

258  DODGE  AVE.,  EAST  HAVEN  12,  CONK. 
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word  for  Atlas 
Sound’s  latest  creation  the  DR- 12  Little 
Giant  (Bell  diameter  7 in.  Overall  length  iy2 
in.)  Its  construction  gives  equally  gratifying  service 
when  used  for  marine  application,  factory,  police  and 
other  communications  ...  a design  that  has  proven 
itself  more  than  equal  to  \X/rar  s rigorous  demands. 

Write  for  detailed  description 
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COHPOBATl ON 

Brooklyn,  New  York 


ELECTRICAL 

REACTANCE 

corporation 

f*ANKLINVILLE,  N.  Y. 


[’  mETPL 

5TompinG5? 
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Die  cut  metal  stampings  in  limited  quantities  can  be  produced  to 
your  special  requirements  at  15%  to  20%  of  the  cost  of  permanent 
type  tools.  No  matter  how  small  your  quantity  requirements  or  how 
intricate  your  work,  we  can  show  you  a definite  saving.  During  our 
twenty-three  years  of  specialized  experience  in  this  service,  there  has 
been  no  other  method  of  producing  metal  stampings  in  small  lots  that 
can  equal  the  process  originated  by  Dayton  Rogers. 

Our  new,  illustrated  booklet  #176-17  will  give  you  full  particulars. 

DAYTON  ROGERS  MFG.  CO  ■ Minneapolis,  Minnesota 
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commercial  requirements.  Any  in- 
dicated wave  forms  (sine,  square 
top,  or  saw-tooth  waves)  can  be 
recorded  to  any  frequency  as  close 
as  1 cycle  apart  and  of  any  desired 
amplitude.  Dials  can  be  produced 
on  any  metal  or  plastic  material, 
complete  and  ready  for  installation. 

Industrial  Tube  Manual.  A new 
412-page  technical  manual  on  elec- 
tronic tubes,  prepared  by  General 
Electric  Company’s  Tube  Division, 
is  available  from  GE  at  a cost  of 
$2.00.  The  manual  is  intended  to 
serve  as  a guide  in  selecting  tubes 
for  industrial  applications.  Popu- 
lar applications  of  ignitrons,  photo- 
tubes, thyratrons,  phanotrons  and 
other  tube  types  are  given  in  the 
manual,  which  is  illustrated  with 
photographs,  outline  drawings  and 
performance  curves.  The  manual 
has  an  expander-type  binder  and 
provision  has  been  made  by  GE 
to  supply  purchasers  with  new  data 
as  prepared  for  the  manual  from 
time  to  time  for  a nominal  annual 
charge  of  $1.00.  Electronics  Dept., 
267-122  at  Schenectady,  N.  Y. 


CANCER  TREATMENT 


J 


Million-volt  x-ray  provides  therapeutic 
radiation  for  treatment  of  cancer, 
tumors  and  other  malignant  diseases 
responsible  for  half  the  deaths  in  Sur- 
tncal  Service.  Army  Medical  Center, 
Walter  Reed  General  Hospital.  One  of 
four  supervolt  therapy  units  installed  in 
'he  country,  its  design  is  based  on 
General  Electric  industrial  x-ray  fc. 
examining  thick  metal  castings  (see 
ELECTRONICS.  Dec.  '44.  p 128;  June, 
•45.  p 122) 


Igould-moodyI 

Professional  Quality 

I Seat  ] 

ALUMINUM 
INSTANTANEOUS 
RECORDING  BLANKS 


Technological  advancements 
brought  about  by  our  wartime 
assignments  provide  critical  en- 
gineers with  "Black  Seal”  blanks 
of  improved  cutting  and  repro- 
duction qualities  plus  more 
satisfactory  play-back  life. 

Rapid  Deliveries  to 

Broadcasting  Stations 
Recording  Studios 
Motion  Picture  Sound  Studioi 
Schools  and  Colleges 
Governmental  Agencies 


Old  Aluminum  Blanka  Recoated  with 
"Black  Seal"  Formula  on  Short  Notice 


export  Dept:  Koyai 


October  IMS  — ELECTRONICS 


Google 


He  guides  a 

NEEDLE 

into 

STEEL 


Spencer  Microscopes  bring  new  precision 
to  the  drill  press 


TRIPLETT 

Volt-Ohm>Mmiamm*t«r« 


MASCO  AMPLIFIERS 


Complete 
with  tubes 


TURNER  MICROPHONES 

Model  Typo  Cord  lovol  Koch 

BX  Crystal  T -55  $5.55  | 

22X  Crystal  7'  -52  10.88 


SiX  Crystal  20' 
BD  Dynamic  7' 
33D  Dynam.  20' 


-55  $5.85 

-32  10.88 

.32  13.23 

.32  8.53 

.34  14.70 


With  miniature  drills  as  small  as  .0040 
in  diameter,  the  operator  produces  Diesel 
engine  injection  spray  tips  with  openings 
barely  visible  to  the  naked  eye,  yet  held 
to  remarkably  close  tolerances. 

To  meet  the  need  for  such  precise  drill- 
ing, National  Jet  Company  manufactures 
these  small  drills  and  is  now  supplying  a 
precision  drilling  machine  equipped  with 
a Spencer  Stereoscopic  Microscope  through 
which  the  operation  can  be  observed. 


To  other  manufacturers  whose  plans  c 
for  optical  parts  or  complete  instrumen 
we  offer  extensive  research  and  mar 
factoring  facilities,  plus  many  years 
experience  in  building  fine  Spencer  scii 
tine  instruments. 

American  fp  Optic* 

COMPANY 

Scientific  Instrument  Division 
Buffalo  II.  New  York 


SPEAKER  BUYS! 

4'  PM  square $1.35 

4*450  olim,  ...  . .30 

5*  PM  2 watt 1.3* 

5*450  ohm l.»0 

10*  PM  11  watt 7.30 

12*  PM  10  watt 10.14 

12*  PM  17  watt. 14.3* 
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I THE  CONNECTICUT  CABLE  CORPORATION 

ia  'Peacetime 
piocUtctiMt 

OFFERS  TO  THEIR  OLD  AND  NEW  CUSTOMERS 

PROMPT  DELIVERY 

OF  ALL  TYPES  OF 

£tecftuc  Sefo 


•mats M22  3.94  L40  3.3J  U>«  4.70 

3,97,  3.30,  3.40 

MOTOIS 3.17,  3.33 


. PHILCO  BEAM  OF  LIGHT 

odenium  Call  only,  no  holder 1 *80 


*0%  deposit  required  on  all  C.O.D.  orders.  J% 
“Asportation  allowance  on  orders  of  $25.00  or 
°>ore  Accompanied  by  payment  in  full. 
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KHUIW SUPPLY  & 
ENGINEERING  CO.,  Inc. 

ZTSUDfN  AVf.  DETROIT  1.  MICH. 


Manufactured  to  commercial  specifications 
or  customer's  individual  requirements. 
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Electromagnetic  Engineering 

By  Ronold  W.  P.  King,  Cruft  Labor- 
atory, Harvard  University.  McGraw- 
Hill  Book  Co.,  Inc.,  New  York,  N.  Y. 
1945,  580  payee,  $6.00. 

First  of  a series  of  three  text- 
books written  for  advanced  under- 
graduate or  graduate  study,  this 
work  lays  the  foundation  for  wave 
propagation  problems  to  be  consid- 
ered in  following,  as  yet  unpub- 
lished, works.  The  author  should 
be  familiar  to  technical  readers 
through  his  papers  on  wave  guides 
and  antennas  in  engineering  society 
journals. 

The  approach  is  highly  analytical, 
beginning  with  a mathematical 
description  of  matter  and  space, 
considering  field  and  force  equa- 
tions, reviewing  the  development  of 
electromagnetic  wave  analysis  in  a 
logical  rather  than  historic  order, 
and  concluding  with  internal  im- 
pedance (skin  effect)  and  general 
circuit  properties. 

To  read  this  work  unaided,  the 
engineer  needs  a firm  background 
of  modern  physical  theory  and  com- 
plex and  vector  calculus,  as  well  as 
the  usual  physics  and  mathematics 
of  undergraduate  level. 

This  work  is  indicative  of  the 
growth  of  engineering.  Five  years 
ago  the  material  of  this  book  would 
have  been  contained  in  two  physics 
texts  which  would  have  been  looked 
upon  as  scholarly  works  of  but  aca- 
demic interest.  Today  the  material 
is  presented  as  a single-volume  en- 
gineering text.  The  extension  from 
the  field  of  physics  to  that  of  engi- 
neering is  in  large  measure  due  to 
the  author’s  preparation  of  the  an- 
alytical approach  so  that  it  is  avail- 
able to  engineers.  The  content  is 
what  one  must  know  to  design  uhf 
equipment. — F.R. 
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Electrical  Coils  and  i* 

Conductors 

Herbert  Bristol  Dwight.  McGraw- 
Hill  Book  Co.,  New  York  18,  N. 

351  pages,  $5.00. 

The  design  of  coils  and  conductors 
as  they  are  used  in  electrical  ma- 
chinery and  power  distribution  is 
based  on  a consideration  of  many 
interrelated  factors.  The  evalua- 
tion of  each  factor  in  itself  depends  s 
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Teach  yourself 


MATHEMATICS 


for  big 
new  jobs  in 

radio 
television 
radar 

Here'*  the  manual  which 
can  make  you  master  of 
mathematics,  from  arith- 
metic to  calculus,  used  in 
radio  and  communication 
engineering.  Especially  ar- 
ranged for  home  study, 
the  book  gives  all  the 
mathematics  you  need, 
from  basic  fundamental* 
to  more  detailed  concepts — to  help  you  get 
ahead  in  radio,  television,  frequency  modu- 


lation, radar  development. 


Just  Published! 


APPLIED 

MATHEMATICS 

For  Radio  and  Communication 
Engineers 

By  CARL  E.  SMITH 

Awlatant  Chief.  Operational  Research  Branch.  0!Bce  of 
the  Chief  Signal  Omoer,  War  Department;  Development 
and  Renearch  Engineer  (on  leave).  United  Broadcaetln* 
Co.,  Cleveland. 

334  page*.  S'/a  x •'/»,  $3.50 

You  will  find  it  eaay  to  learn  by  youraelf 
through  thla  method  of  presentation.  Useful 
design  equations  are  solved  In  the  text,  and 
150  exercise  problems  help  you  build  a sure 
working  knowledge  of  each  subject.  There  is 
a simplified  treatment  of  calculus  and  the  last 
chapter  on  series  and  wave  forms  meets  the 
modern  trends  to  frequency  modulation,  tele- 
vision and  radar  development.  An  unusually 
full  appendix  of  useful  charts  and  tables  con- 
tains all  necessary  reference  material. 


CHAPTERS 


Arithmetic 

Logarithm* 

Algebra 

Geometry 

Triionometry 

Vector  Addition 

Complex  Quantities 

Cnrre*  and  Oraph* 

Simultaneous  Equations 


Quadratic  Equation* 
Hyperbolic  Trigonometry 
Differential  Calculu*  Treat- 
ing Algebraic  Function* 
Differential  Calculus  Treat- 
ing Transcendental  Func- 
tion* 

Integral  Calculus 
Series  and  Wavs  Forms 


ladades  97  figure*.  20  tables  and  chart*.  Th*  presents- 
tlon  hat  been  strsamllnsd  to  include  only  tho  subject  mat- 
ter nott  useful  In  the  field  of  radio  and  communication 

•egineering. 
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MeSraw-HIII  Book  Co..  330  W.  42nd  8t.,  N.Y.C.  It 

me  Smith’s  Applied  Mathematics  for  Radio  and 
uunmunicatlon  Engineer*  for  10  day*  examination  on 
•Pwoval.  in  io  day,  i wm  $3.50.  plus  few  cents 
{??**•.  0r  r«tum  book  postpaid  (Postage  paid  on  cash 


Name  

Addrees  

City  and  Bute 

Compeny 

10-4.1 


l 


;; 

«*>} 

:r- 


nd  o«oY  0°'" 

- V-  'fob 


iV  s**%**'* 
»*VAA  stOVtRa' 


ELECTRONICS  — October  >945 


Digitized  by  Lr.ooQle 


MR.  RADIOMAN:  You  Can  Us© 
These  "Tools"  To  Build  a Better  Job 
and  a Secure  Career  in  RADIO-ELEC- 
TRONICS 

CREI  Home-Study  Training  in  Practical 
Radio-Electronics  Engineering  Cemblned 
With  Your  Own  Experience  Assures  You 
Job  Security  and  an  Interesting,  Profit- 
able Career 

What’s  ahead  for  you  in  the  field  of  Radio 
Electronics?  One  thing  is  certain.  Now 
that  peace  is  here,  Radio-Electronics  will 
surge  forth  as  one  of  America’s  foremost 
industries,  offering  promising  careers  for 
radiomen  with  modern  technical  training. 

NOW  is  the  time  to  take  the  time  to  pre- 
pare yourself  for  these  important,  career 
jobs  in  radio-electronics  engineering.  CREI 
can  show  you  the  way  by  providing  you  with 

• he  “tools”  to  build  a firm  foundation  of 
ability  based  on  a planned  program  of  tech- 
nical training.  In  our  proved  home-study 
course,  you  learn  not  only  how . . . but  why! 
Easy-to-read-and-understand  lessons  are  pro- 
vided you  well  in  advance,  and  each  student 
has  his  personal  instructor  who  corrects, 
criticizes  and  offers  suggestions  on  each 
lesson  examination.  This  is  the  successful 
CREI  method  of  training  for  which  more 
than  10,000  professional  radiomen  have  en- 
rolled since  1927. 

Your  ability  to  solve  tough  problems  on 
paper  and  then  follow-up  with  the  neces- 
sary mechanical  operation,  is  a true  indica- 
tion that  you  have  the  confidence  born  of 
knowledge  . . . confidence  in  your  ability  to 
get  and  hold  an  important  job  with  a se- 
cure, promising  post-war  future.  Investigate 
now  the  CREI  home-study  course  best  suited 
to  your  needs,  and  prepare  for  security  and 
happiness  in  the  New  World  of  Electronics! 
W rite  for  all  the  facts  now. 

• WRITE  FOR  NEW,  FREE  36-PAGE  BOOKLET 

If  you  have  had  professional  or 
amateur  radio  experience  and  want 
to  make  more  money — let  us  prove 
to  you  we  have  something  you  need 
to  qualify  for  a better  radio  job. 

To  help  us  answer  intelligently  your 
inquiry  — PLEASE  STATE 
BRIEFLY  YOUR  BACKGROUND 
OF  EXPERIENCE.  EDUCATION 
AND  PRESENT  POSITION^ 


CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

Dept.  E-10,  3224  — 16th  Street.  N.  W. 
WASHINGTON  10.  D.  C. 

Contractors  to  U.  S.  Navy — U.  S.  Coast  Guard 
— Canadian  Broadcasting  Corp.  Producers  of 
Well-trained  Technical  Radiomen  for  Industry 

Member:  National  Council  of  Technical  Schools 


upon  many  variables.  In  this  book, 
the  author  has  isolated  the  factors 
and  analyzes  each  one  individually. 
He  assumes  that  the  reader  is  an 
electrical  engineer  with  a broad  and 
detailed  knowledge  of  the  equip- 
ment and  apparatus  used  to  gener- 
ate and  distribute  electrical  power.  ' 

To  comprehend  and  interpret  the 
subject  matter,  which  consists 
mostly  of  formulas  complemented 
with  a brief  concise  statement  of 
their  derivation,  an  electrical  engi- 
neer should  be  well  versed  in  the 
methods  of  analytical  calculus  and 
have  some  acquaintance  with  higher 
mathematical  functions. 

The  formulas  presented  have 
many  practical  applications,  but 
few  of  the  specific  applications  are 
discussed  in  detail.  The  formulas 
cover  the  calculations  necessary  for 
evaluating  reactance,  eddy  current 
loss,  skin  effect,  inductance,  and 
magnetic  field  strength  of  coils  and 
conductors  that  carry  electrical 
current. 

One  long  chapter  is  devoted  to 
formulas  for  inverse  functions  of 
complex  quantities  that  are  used  in  I 
several  branches  of  electrical  engi- 
neering, such  as  in  calculations  for 
transmission  and  communication 
circuits. 

Chapters  dealing  with  trans- 

• • • 

MICROSECOND  X-RAY 


X-ray  exposures  short  enough  to  catch 
the  action  of  a bullet  traveling  down  a 
gun  barrel  are  produced  by  this  West- 
inghouse  tube.  The  600  million  watts 
for  the  exposures  are  delivered  from 
six  capacitors  of  the  surge  generator 
behind  the  tube 
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Develop  Your  Mechanical  and  Electrical  Ideal. 


MARTINS  INSTRUMENT  CO.,  INC.  314  37th  St..  Brooklyn  17.  Now  York 
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"Sealol”  is  doing  a vital  job  in  the  Electronic  Industry  sealing  liquids 
and  gases  under  pressure  or  vacuum  with  the  utmost  dependability.  Balanced  Pre 
feature  controls  seal  face  pressure  for  minimum  friction  loss.  Sealol  is  avai 
wany  constructions  for  efficient  sealing  under  a wide  range  of  conditions.  Bulleti 
on  request. 
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Radio  and  Electronic 
equipment  source-book 


Tells  you: 


WHAT 

the  product  does,  its  specifications,  com- 
parable and  competing  items  . . . Thou- 
sands of  illustrations... Data  covers  90% 
of  all  products  in  the  industry,  each  item 
indexed  ond  cross  indexed. 


WHO 

makes  it.  Directory  of  manufacturers  al- 
phabetically listed,  with  page  number* 
for  instant  reference. 


HOW  MUCH 


Prices  on  thousands  of  items,  all  clearly 
catalogued  for  easy  buying. 


WHERE 


you  can  get  it.  Yout  nearest  sources  that 
can  supply  your  radio  ond  electronic  re- 
quirements. Saves  time  . . . Eliminates 
bulky  files. 


Distributors 
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Page,  hard -cov- 
ered encyclope- 
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I distribution. 
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to  Write  us  on  your  company  letterhead 
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jobber  nearest  you  who  has  your  FREE 
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Follow  the  leaders  — and 
use  HEXACONI  For  rugged, 
heavy  duty  work  or  for  light  in- 
tricate work  . . . here's  the  an- 
swer. One  reason  is  “Balanced 
Heat" — dissipating  excessive  ele- 
ment-impairing heat — and  mini- 
mizing element  burn-outs  and  tip 
replacements.  Another  is  their 
lightweight.  Literature  is  avail- 
able describing  the  complete 
HEXACON  line  of  screw  tip  and 
plug  tip  irons  from  40  to  700 
watts,  and  with  tip  diameters 
ranging  from  % " to  1%" 

HEXACON  ELECTRIC  CO. 

130  W.Clay  Ave.,  Roselle  Park,  N.J. 


former  design  problems  include  for- 
mulas for  determining  reactance 
in  concentric  core-type  transform- 
ers and  those  having  interleaved 
components,  cross-section  of  cores, 
and  operation  of  delta  and  V banka. 
Other  chapters  deal  with  the  re- 
actance of  overhead  stranded  con- 
ductors at  wide  spacing,  round 
tubes,  square  tubular  busbars,  and 
rectangular  or  strap  conductors 
such  as  are  used  to  carry  heavy 
alternating  currents  in  busbars  on 
switchboards  and  in  the  supply  cir- 
cuits of  electric  furnaces.  Formu- 
las are  presented  for  the  calcula- 
tion of  eddy-current  loss  in  trans- 
former windings,  armature  coils, 
and  in  round  wire. 

The  section  on  heat  transfer  cov- 
ers calculations  for  conduction  of 
heat,  thermal  resistivity,  radiation 
and  convection  of  heat  in  trans- 
formers and  built-up  busbars. 

Other  chapters  present  methods 
for  determining:  The  proximity 
effect  in  a return  circuit  of  two  ad- 
jacent strap  conductors,  in  wires, 
and  in  thin  tubes  and  sheaths;  the 
mutual  inductance  of  fine  wire  cir- 
cles, coaxial  solenoids  in  air,  two 
adjacent  thin  disk  coils  in  air,  and 
coils  with  parallel  axes;  the  self- 
inductance of  circular  coils  without 
iron;  the  magnetic  field  strength 
near  a cylindrical  coil  in  air;  the 
force  between  coaxial  coils  without 
iron,  between  coils  with  parallel 
axes,  and  between  cylindrical  trans- 
former coils;  the  magnetic  force  on 
disconnecting  switches;  the  repul- 
sion between  strap  conductors;  the 
resistance  to  ground  for  conductors 
of  different  types;  and  the  sag  in 
transmission-line  conductors. 

Numerous  footnotes  throughout 
the  text  refer  the  reader  to  engi- 
neering society  papers  and  technical 
articles  that  deal  with  the  subject 
under  discussion. — J.K. 

• • • 

Applied  Mathematics  for 
Radio  and  Communication 
Engineers 

By  Cam.  E.  Smith,  President  (on 
leave  to  the  War  Department),  Smith 
Practical  Radio  Institute.  McGraw- 
Hill  Book  Co.,  Inc.,  New  York,  Ml 
pages,  fS.SO. 

The  refresher  course  for  home 
study  covered  by  this  text  begins 
with  arithmetic  and  progresses 
through  algebra,  geometry,  trigo- 
nometry into  complex  quantities 
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MANUFACTURERS! 

We  are  distributors  to  the  radio,  elec- 
tronic and  electrical  trade  as  well  as 
manufacturers  of  cord  sets,  cables  and 
other  wire  products. 

We  are  desirous  of  obtaining  addi- 
tional lines  in 

PLUGS  — SOCKETS 
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RADIO  and  ELECTRICAL 
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us  a distributor  or  us  representatives. 

We  prefer  to  stock  the  items  in  Chicago.  We 
have  extensive  facilities  and  experience  men 
in  the  field  and  can  create  and  handle  a 
large  volume  of  business. 
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PAR-METAL  ...  a specialized  manufacturing 
plant  employing  modern  high-speed  methods. 
Nevertheless,  Par-Metal  products  have  a defi- 
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quality  born  of  genuine  skill  and  long 
experience.  Write  for  Catalogue. 

PAR-METAL  PRODUCTS  CORPORATION 

32-42— 49th  STREET  . . . LONG  ISLAND  CITY.  N.  T. 


Serving  the 
Electronics 
Field 

Exclusively 


Export  Dopt. 
rich  St  . " T.  C. 


Draftsmen  Wanted 


..for  exactly  kcccU  f v 

Facilities  for  tho  rapid  production  of  oil 
typ*s  of  screw  machine  metal  parts — to 
dose  tolerance  specifications— are  available 
for  Industry.  DKE  equipment  includes  a 
battery  of  Brown  A Sharpe  automatic  screw 
machines,  power  presses,  drill  presses, 
hand  turret  lathes,  and  modern  machine 
tools  for  all  other  phases  of  finishing. 
Ovality  of  work  it  uniformly  high,  with 
particular  emphasis  on  low  unit  cost*. 


THE  ENGINEERING  CO. 

OANiil  KONDAKJIAN 

27  WRIGHT  ST.,  NEWARK,  N. 


Designers,  Detailers,  Tracers 
and  Engineers 

We  are  one  ol  the  largest  manufacturers  of  a wide  variety  ol 
communication  and  electronic  equipment  in  the  world,  fully  pre- 
pared  and  ready  to  go  ahead  with  a very  ambitious,  expans.on 
program  as  guickiy  as  we  are  permuted.  There  wiil  be  -limited 
possibilities  lor  creative,  ambitious  men  to  advance  to  key  posi- 
tions  both  in  research  development  and  production  held.  A. 
present,  we  are  producing  vital  equipment  far  our  hght.ng  forces. 
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"I  might  as  well  use  a 
wooden  spoon!’ 


We  know  how  it  is,  Tom. 


Blurs  and  uneven  lines  and 


headaches.  What  to  do? 


Use  Typhonite  Eldorado. 
How  that  pencil  can  drawl 
Crisp,  sharp,  dense  lines — 


brilliant  and  true. 


No  feathering  or  crum- 
bling in  the  softer  degrees; 
no  grit  in  the  harder  de- 
grees. And  get  this,  Tom— 
Eldorado  is  dependably 
uniform  in  all  degrees.  A 


2H  is  a 2H  today,  tomor- 
row and  always! 

Eldorado  is  a sweet  pen- 
cil. And  the  best  test  is  to 
try  it.  So  send  for  a free 
Comparison  Sample  nou>. 
Request  it  on  your  business 


or  professional  stationery, 
specifying  degree. 


DIXON’S 


TYPHONITE 


ELDORADO 


Pencil  Sales  Dept.  59-J10 

JOSEPH  DIXON  CRUCIBLE  CO.,  Jersey  City  3,  N.  J j 


and  advanced  algebra,  and  con- 
cludes with  chapters  on  differential 
and  integral  calculus.  The  concisely 
presented  material  is  readily 
grasped  by  those  reading  the  book 
as  a review.  However,  to  the  read- 
ers covering  the  material  for  the 
first  time,  essential  points  are  not 
brought  out  with  sufficient  force  to 
be  readily  appreciated.  (It  is  in- 
tended that  the  book  be  used  in 
connection  with  a correspondence 
school.)  Answers  to  the  many  prob- 
lems are  included. 

Illustrative  mathematical  solu- 
tions are  well  explained.  The  book 
has  a good  index — indexing  makes 
or  breaks  technical  books.  Although 
the  contents  is  solely  mathemati- 
cal, the  author  makes  it  clear  to 
readers  why  particular  mathemati- 
cal knowledge  is  presented,  and 
why  it  will  be  useful  to  readers. 
For  example:  In  introducing  Chap- 
ter II  on  hyperbolic  trigonometry 
the  author  observes  that  “Since 
traveling  waves  on  a transmission 
line  are  very  conveniently  expressed 
in  terms  of  hyperbolic  functions, 
this  chapter  will  be  devoted  to  the 
mathematics  of  these  functions.” 

On  pages  87-89  there  is  developed 
a slide  rule  solution  for  right  tri- 
angles, unfamiliar  to  this  reviewer, 
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Electron  tube  characteristics  are  deter- 
mined by  cathode-ray  tube  tracing 
apparatus.  Curves  are  scanned  in  rapid 
succession  and  photographically  re- 
corded directly  lrom  the  cathode-ray 
tube  screen.  Developed  by  Sylvania 
research  engineers  to  supply  design 
data  lor  radar  and  high  frequency 
communications,  the  equipment  will  be 
used  to  assure  closer  tube  production 
control 
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SUPREME  MODEL  571 


• Simple  Operation  — all 
ranges  read  on  two  basic 
scales. 


• Dual  Tuning  Ratio,  One 
for  speed — one  for  vernier 
adjustments. 

• Electron  coupled  circuit 
giving  greatest  stability. 
Iron  core  coils. 

• Ladder  Attenuator. 

• Double  shielding  minimizes 
leakage. 

• Golden  Oak  carrying  case. 

SPECIFICATIONS 


R F.  RANGES: 

*5-205  KC;205-*50KC; 

*50-2050  KC.  2050-*500  KC; 

* 5-20.5  MC.  Harmonics  to 
82  Megacycles. 

AUDIO  FREQUENCY:  _ 

400  cycles  available  for  external 
testing. 

INTERNAL  MODULATION: 

R.F.  Carrier  modulated  at  approxi- 
mately 30%  and  70%  at  400  cycles. 
Modulation  level  selected  by  tog- 
gle switch. 

EXTERNAL  MODULATION: 

Jack  provided  for  external  audio 
modulation. 


ACCURACY:  L . 

Vi  Of  1%  on  first  three  bands.  1% 
on  last  two  bands. 


SIZE: 

9- 1 /2" r 8- 1 l/l*"x7-3/8" 

POWER  SUPPLY: 

115  volts  *0  cycles— Special  volt- 
age and  frequency  on  request. 
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Electronic  Engineering  con  supply- NOW-  j 
transformers  in  standard  or  special  styles  in  j 

quantity  ... 


Because  there  have  been  no  conversion 
problems  at  Electronic  Engineering,  we  are 
now  producing  and  delivering  the  finest 
transformers  with  the  same  speed  and  skill 
as  during  the  war.  We  are  ready  to  serve 
your  needs  . . . with  one  million  or  one! 


3 223-9  WEST  ARMITAGE  AVE.  • CHICAGO  47,  ILLINOIS 


DUPLICATING  end  PROFILING 

AUTO  ENGRAVER 

Accurate  Engraving 
with  Unskilled  Operators 

Unskilled  operators  will  profile  or  accurately 
reproduce  in  smooth  lines  any  design,  num- 
ber, letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  ell  plasties. 
Here  are  some  of  its  other  uses  . . . 

• Drills  a series  of  holes,  or  profiles  small 
parts 

• Cuts  an  even  channel  for  wiring  on  panels. 
Increases  accuracy  and  production. 

e Works  from  original  drawing  or  templates. 

• Etches  glass  and  similar  items, 
e Will  not  cause  distortion. 

For  complete  information  on  this  and  other 
models  and  prices  write  Dept.  K. 


ro  ENGRAVER 

BROADWAY,  NEW  YO 


SILVER 


WIRE  • SHEET  • TUBING 
SILVER  BRAZING  ALLOYS  & FLUXES 


PLATINUM 


WIRE  . RIBBON  • FOIL 
SEAMLESS  TUBING 


WE  INVITE  INQUIRIES  RE 
GARDING  ALL  APPLICATIONS 


OF  PRECIOUS  METALS  TO 


ELECTRONIC  PRODUCTS. 


N J.  R.  R.  AVI.  AT  OLIVER  ST. 
NEWARK  5,  N.  J. 
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Now  . . . 

the  basic  principles  of  electric  circuits 
applying  to  all  fields  of  specialization-  ^ 

electric  power-communications 

-electronics  \ 


AMERICAN  PLATINUM 
WORKS 
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to  overlap from  o^e  field  of  .penalization  Into  another. 
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ELEMENTARY  ELECTRIC-CIRCUIT  THEORY 


Thia  book  gives  you  a broad  view  of  the  utlll- 
latloi  of  eSctrlcal  energy  In  var  on.  part,  of 
the  frequency  spectrum  on  'vMcl‘  “ 
vour  study  of  recent  progress  n electricity. 
The  hook  includes  physical  and  idea  lffa L,c.°,"' 
cepts  of  the  electric  circuit,  principal  electric 
circuit  diagrams  and  letter  symbols,  applica- 
tion of  electric-circuit  lam  to  sofu,ti° 
resistance  networks,  explanation  of  the  use 
of  complex  algebra  In  electric-circuit  anals- 
sis  and  computation,  basic  relations  or 
three-phase  networks  and  analysis  “f  two-, 
four-  and  six-phase,  systems,  etc.,  etc.  268 
diagrams  and  charts,  13  useful  tables,  supple- 
ment the  text  CONTENTS 


By  RICHARD  H.  FRAZIER 


Associate  Professor  of  Electrical  Engineering, 
Massachusetts  Institute  of  Technology 


434  pages,  51/*  x 8*/i,  $4.00 


Examine  tills  book  10  days  on  approval,  noting  dia- 
grams and  charts,  handy,  lucid  explanations, 
practical  treatment  of  electrical  principles. 


I Electrlc-olrcult  Defini- 
tions and  Concepts 

2.  Resistance  Networks 

3.  Basic  Alternating-Cur- 
rent Concepts 

4.  Use  of  Complex  Alge- 
bra 

5.  Impedance  Networks 

6.  Noniinuioidal  Waves 

7.  Polyphase  Networks 

8.  Transients 


Appendix:  Tables  and 
Charts 
Wire  Tables 
Skin -effect  Ratios 
Current  Capacities 
Physical  Capacitie. 
Trigonometric  Func- 
tions 

Natural  Logarithms. 
Exponentials 


SEE  IT  10  DAYS  ON  TRIAL  ■ 


McGraw-Hill  Book  Co..  330  W.  12  St..  N.Y.C.  IB 


Uanrl  in.'  Frazier's  Elementary  Electric-Circuit 
Th~rv  tor  10  .lays’  examination  on  approval  In 
10  days  I will  send  $4.00  plus  row  cents  postaae 
Jr  return  book  postpaid  (Postnee  paid  on  cash 
orders. ) 
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FM  and  AM 

FREQUENCY 

MONITORS 


which  reduces  the  laborious  squar- 
ing and  square-rooting  to  a sur- 
prising minimum. 

The  symbol  used  for  factorial  in 
this  book  is  not  the  preferred  ! but 
|_,  which  can  be  mistaken  for  the 
angle  sign  and  on  page  176  in  Eq. 
(9)  has  been  printed  as  an  angle 
sign  Z. 

There  is  an  appendix  of  some  100 
pages  which,  while  useful,  dupli- 
cates in  abbreviated  form  the  con- 
tents of  the  several  books  of  tables 
and  equations  that  should  form  a 
part  of  every  engineer’s  reference 
library. — f.r. 


UHF  Radio  Simplified 

By  Milton  S.  Kiver.  D.  Van  Nostrand 
Co.,  Inc.  New  York,  238  pages,  $3.26. 

With  radio  having  only  one  direc- 
tion in  which  to  expand  further — 
up  into  the  higher  frequencies — a 
knowledge  of  the  logical  relations 
between  familiar  low-frequency 
equipment  and  the  new  microwave 
plumbing,  uhf  tubes,  and  uhf  radi- 
ators becomes  highly  essential  to- 
day for  those  who  follow  the  radio 
field  either  as  a hobby  or  as  their 
profession.  In  plain,  understand- 
able words  without  complex  theory 
and  math,  the  author  achieves  his 
goal  of  bringing  his  readers  up  to 
date  on  the  basic  principles  in- 
volved in  generating,  transmitting, 
and  radiating  at  frequencies  in  the 
range  of  300  to  3,000  megacycles 
and  higher.  Concurrently  the  book 
also  gives  a real  measure  of  famil- 
iarity with  the  component  parts 
used  at  these  frequencies,  making 
it  of  particular  value  for  classroom 
use. 

The  author  makes  the  initial  tran- 
sition from  the  low  frequencies  to 
the  ultrahighs  by  explaining  the 
use  of  Lecher  wire  systems  and  con- 
centric cables  as  tuning  circuits, 
then  describing  the  first  attempts 
by  Barkhausen  and  Kurz  to  put 
transit  time  to  work  in  tubes.  This 
introduction  paves  the  way  for 
chapters  on  the  magnetrons  and 
klystrons,  followed  by  a chapter  on 
use  of  transmission  lines  as  induc- 
tances, capacitances,  tuned  circuits, 
and  matching  stubs. 

Chapter  6 tells  how  empty  pipes 
become  power  conductors  and  ex- 
plains how  radio  waves  travel  in 
guides.  The  nomenclature  of  waves 


Direct  reading.  No  charts  or  com- 
plicated calculations  necessary. 
Models  available  for  110  volt  A.C. 
or  battery  operated  portable  use. 
Meet  FCC  requirements. 


Direct  reading  device  which  indi- 
cates as  a percentage  of  the  funda- 
mental frequency,  the  square  root 
of  the  sum  of  the  squares  of  the 
harmonic  components.  It  is  used 
for  audio  frequency  measurements 
in  any  audio  device  in  the  usual 
range  of  voice  or  musical  notes 
from  150  to  15,000  cycles. 

• Utilize  the  many  advantages  of 
these  units  now.  They  are  sturdily 
built,  self-contained,  moderately 
priced.  Remember  . . . equipment 
pioneered  by  DOOLITTLE  years 
ago,  still  serves  efficiently  today'. 

SEND  FOR  FULL  DETAILS 


^-■'''RADIO,  INC 

7421  SOUTH  LOOMIS  BOULEVARD 
CHICAGO  36,  ILLINOIS 
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otnpressive  and  dielectric  strength, 
absorption  and  resistance  to  rot, 
and  high  heat.  The  exceedingly  low 
LAVITE  plus  its  excellent  worka- 
ii  ideal  for  all  high  frequency 


supply  samples  for  testing. 


rtunity  offered  to 
acturers  interested  in 
ttion  of  extremely  ac- 


, high-speed  dynamic 
iug  machine  for  rota- 
tarts  involving  princi- 
electronic  equipment; 
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nt  U.S.  manufacturers; 
sotiate  for  manufactur- 
es or  exclusive  license 
urebasing  U.S.  patent 
reliable  well-known 
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BO-916,  Electronics 
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3NICS  — OcfoStr  IMS 


"ALNICO" 

PERMANENT  MAGNETS 

Specializing  in  the  production  of  highest  quality 
Alnico  Magnets  in  all  grades  including  new  triple 
strength  No.  5. 

Production  material  checked  to  assure  highest 
uniform  quality  of  product. 

Castings  made  to  customer's  special  order  on 
the  basis  of  sketches  or  blueprints  furnished. 

Information  and  suggestions  furnished  on  request. 

GENERAL  MAGNETIC 

CORPORATION 

manufacturers  of  high  coercive  magnetic  alloys 
2l26  6.FortStro.it  • Detroit  7,  Michigan 


new 


labs 


Midget”  model 
is  especially  de- 
signed for  crowd- 
ed apparatus  or 
portable  equip- 


m 


STANDARD 

TYPE 

700 


• Solid  silver  contacts  and  stainless  silver 
glloy  wiper  arms. 

• Rotor  hub  pinned  to  shaft  prevents  un- 
authorised tampering  and  keeps  wiper 
arms  in  perfect  adjustment. 

• Con  be  furnished  In  any  practical 
Impedance  and  db.  loss  per  step  upon 
request. 

• TECH  LABS  can  furnish  a unit  for  every 
purpose. 

• Write  for  bulletin  No.  431. 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  . JERSEY  CITY  7 N - 
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MEASUREMENTS 


CORPORATION 


BOONTON 


NEW  JERSEY 


FREE  DATA  FOLDER! 

HERMETICALLY-SEALED  MULTIPLE 
HEADERS  AND  TERMINALS...  , 


ELECTRICAL  INDUSTRIES  • INC 

42  SUMMER  AVENUE,  NEWARK  4,  N.  J. 


many  diagrams  to  illm 
I ent  types  of  guides  i 
methods. 

The  last  four  chaptei 
ity  resonators,  uhf  a 
reflectors,  uhf  measun 
wave  propagation  thr 
| with  well-prepared  dii 
ing  materially  to  the  \ 
text  in  every  instance. 

All  in  all,  this  book  ii 
ing  as  it  is  educational, 
chapters  lend  themselve 
to  a chapter  a day  of  I 
Test  questions  are  groi 
end  of  the  book  for  thoi 
to  check  their  mastery  o 
rial  and  for  instructed 
book  in  classes— j.K.  ' 


STANDARD  SIGNAL  GENERATOR  Model  80 


SPECIFICATIONS: 

CARRIER  FREQUENCY  RANGE:  2 to  400  megacycle!. 

OUTPUT:  0.1  to  1 00,000  microvolts.  50  ohms  output  impedance. 
MODULATION:  AM  0 to  30%  at  400  or  1000  cycles  internal. 

Jack  for  external  audio  modulation. 

Video  modulation  jack  for  connection  of  external  pulse  generator. 

POWER  SUPPLY:  117  volts,  50-60  cycles. 

DIMENSIONS:  Width  19 ",  Height  10*4",  Depth  9'A". 

WEIGHT:  Approximately  35  lbs.  PRICE— $465.00  f.o.b.  Boonton. 

Suitable  connection  cables  and  matching  pads  can  be  supplied  on  order. 


Elementary  Electric^ 
Circuit  Theory 

By  Richard  H.  FrazmI 
setts  Institute  i 
Graw-Hill  Boot;  Co.,  luM 
N.  Y.,  1945,  414 

A BROAD  VIEWPOINT  of  U 
stant  circuits  is  taken  1 
written  for  a first  course  u 
On  page  16  the  author 


states  his  approach:  m. 
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not  make  several  problems  of  Cathode 
Connectors  and  Sockets.  An  experi- 
in  supplying  the  first  pioneers  for 
pilot  runs  to  the  latest  radar  gives 
W the  connectors  with  leads,  compact, 
“Nidual  strain  relief,  individual  insula- 
I,  generous  safety  factors  and 

lyPe  of  wire  to  provide  (even  in 
*2?  quantity ) a connector  with  the 
J insulation  of  leads,  and  to  your 

^4dCU‘arJeqiiiremcnts  39  to  len8th>  in" 

f“,el<liog  of  any  leads,  lacing, 
" l “hiding,  intervening  connectors 
|".r  "b»t  have  you.” 
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SPECIALTIES 


SMALL  PARTS 

Filaments,  anodes,  supports, 
springs,  etc.  for  electronic  tubes. 
Small  wire  and  flat  metal  formed 
parts  to  your  prints  for  your  assem- 
blies. LUXON  fishing  tackle  acces- 
sories, double  pointed  pins,  fine  sizes 
wire  straightened.  Inquiries  will  re- 
ceive prompt  attention. 

ART  WIRE  AMD 
STAMPING  GO. 

227  High  St.  Newark  2,  N.  J. 


ife.  O 


13! 
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Experienced  pc,,.  Send 

fot  type,  cl  pecificalions  to-  cannon. 

g,  you.  d rowings  end  spe 


STAMFORD  METAL  SPECIALTY  CO.,  428  BROADWAY,  N.  Y.  13 

Metal  of  gorty  Vaciifitio't 
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With  reconver- 
sion in  full  swing 

You  will  want  to  use  and 
know  more  about  these 
new  sub-miniature  vac- 
uum tubes 


/4c&uU 


Stye 


-Series  VW- 
15  ma.,  1.5  volts 

Grid  current  less  than 
10*M  amperes — grid  re- 
sistance approximately 
T0,4ohms. 

Individually  checked  for 
uniformity  within  the 
range  of  the  best  operat- 
ing characteristics — each 
tube  is  built  for  exacting 
circuit  requirements. 

Available  as. . . 

Electrometers 

Pentodes 

Tetrodes 

Triodes 

Diodes 

And  now  in  production 
— new  hi-meg  vacuum 
sealed  resistors  in  a 
range  never  adequately 
covered  before  — values 
from  I megohm  to 
1,000,000  megohms. 
Write  for  literature  on 
tubes  and  resistors  or 
consult  us  on  your  tube 
problems. 

1,000,000  Megohms 
Actual  size 


THE  VICT0REEN  INSTRUMENT  CO. 
uOUGH  AVENUE 
• ND  3,  OHIO 


the  power  engineer  and  the  com- 
munications engineer  tend  to  con- 
fine themselves  too  narrowly  to 
their  respective  divisions  of  the 
field,  with  the  result  that  interre- 
lated problems  may  not  be  ade- 
quately handled  by  either.” 

The  work  is  self-contained.  It 
begins  with  definitions  and  con- 
cepts of  electric  circuits,  takes  up 
methods  of  circuit  analysis  using 
resistive  networks  as  examples,  in- 
troduces a-c  concepts  and  the  cor- 
responding complex  algebra  for 
handling  them,  discusses  nonsin- 
usoidal  waves  and  polyphase  net- 
works, and  concludes  with  trans- 
ients. 

The  book  is  intended  as  a text  for 
electrical  engineers  who  have  com- 
pleted fundamental  physics  and 
mathematics  courses.  Rather  than 
separating  the  class  into  power  and 
communication  majors  when  they 
begin  studying  circuits,  the  in- 
structor can  hold  it  together  by  the 
approach  of  this  text.  For  example, 
in  discussing  nonsinusoidal  waves, 
waves  encountered  both  in  power 
and  in  communication  circuits  are 
used  as  illustrations  and  problems 
for  Fourier  series  and  graphical 
analysis. 

The  author  has  interspersed  the 
text  with  non-technical  observa- 
tions which  aid  in  orienting  student 
engineers  to  their  technical  studies. 

As  an  illustration,  on  page  2 the  au- 
thor observes  that  “The  engineer 
should  be  skilled  in  leading  a dou- 
ble life — one  in  the  concrete  world 
of  physical  apparatus  and  one  in  the 
abstract  world  of  ideas — and  in  in- 
terpreting each  realm  in  terms  of 
the  other." 

Brief  introductory  paragraphs 
| which  orient  readers  at  the  begin- 
ning of  each  chapter  are  useful. 

The  quantity  of  condensed  techni- 
cal information  in  this  book  cannot 
be  presented  without  giving,  before- 
hand, an  indication  of  where  the 
student  is  being  led.  Until  he  sees 
his  goal,  he  cannot  follow.  In  short, 
it  is  a technical  book  written  by  a 
pedagogue,  which  is  unusual ! 

More  books  of  this  sort  will  be 
written.  It  coordinates.  The  wealth 
of  information  and  technique  that 
engineers  must  acquire  today  can- 
not be  learned  without  such  books. 

It  is  indicative  of  the  contemporary 
trend  away  from  limited  specializa- 
tion, toward  broad  coordination. 

— F.R. 
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Plasticon  Types  AS  are  silicone 

impregnated  plastic  film  dielectric  capac- 
itors. They  will  operate  from  —80°  F.  to  +256  F. 
less  than  10%  capacitance  change.  Plasticons  are 
small  In  size  as  they  are  not  "voltage  derated." 


| Condenser 
products  Company 

CTDPFT  • CHICAGO  22,  ILLINOIS 


, Jackson  Blvd.,  Chicago  4,  III. 


forming  mixtures 

CARBON  DIOXIDE 

acetylene 

HIGHEST  QUALITIES  • ANY  QUANTITY 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 


(I)  $659  D/E  De- 
Luxe-Unit  of  Su- 
perior Design  & 
Construction 


delivered  ANYWHERE 


OPERATION 


Bttvy-Duty  Unit,  extremely  shallow 

► extends  but  1%"  behind  the  front 
■kI-  Single  hole  mounted  in  a l3/#" 
F b°le-  Hexagon  holding  lip  Vs" 

► Molded  bakelite  socket  for  use 
■"Tungsten  and  T4V2  Neon  bulbs. 
Itywalled  tfas*  lens  is  securely  held 

lype  lens-cap.  The  bulb  is  easily 
■ from  the  front  without  a tool.  List 
(less  bulb). 


Precision  engineered  for  electronic  requirements 
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ling,  Wire  Terminals,'  etc.  Any  quantity. 
Also  SMALL  STAMPINGS,  any  design.  S. 


and  Finishing, 
delivery.  ..... 
fications  for  quotations. 

Ask  for  Quadriga  Catalog 

Photos  show  samples  of  Quadriga  superiority. 
* .I..  uaiuaKia  information.  Wire  or  write. 


UP  YOUR  OWN  LAMP 
ANNUNCIATORS — EASILY 


Units  provide  a simple,  practical 
nuking  high  quality  Lamp  An- 
• bimply  provide  proper  holes  in 
and  insert  units,  locking  them  in 
to  the  wiring  and  the  An- 
W>!  is  in  servj^ 

catalog  sent  promptly  on  re- 
^ Prove  helpful.  Write  for  it. 
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Electronic  Communication  Components 


NORCO  has  been  supplying  close  tolerance  electronic  com- 
munication components,  and  complete  audio  frequency  ampli- 
fiers to  1 riminatiug  users.  The  intensive  engineering  and 
development  work,  resulting  in  the  high  standard  of  NORCO 
products,  has  been  intensified  by  rigid 
wartime  demands.  Whatever  your  needs, 
you  can  depend  on  NORCO  as  a depend- 
able source  of  supply  for  your  present  or 
future  requirements. 
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NORTHERN  COMMUNICATIONS  MANUFACTURING  CO. 
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Backtalk 

This  department  is  oper- 
ated as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 

Hartley  Law 

Dear  Mr.  Henney: 

Your  comments  in  “Cross  Talk” 
in  the  June  issue  of  Electronics 
concerning  the  band  width  of  fre- 
quency necessary  for  the  transmis- 
sion of  intelligence  are  very  timely. 

I have  reason  to  believe  this  con- 
cept was  well  known  previously  to 
its  formulation  by  Dr.  Hartley  in 
1927. 

I recall  hearing  a presentation  by 
Dr.  Alexanderson  of  General  Elec- 
tric on  the  results  of  his  high-fre- 
quency alternator  at  the  summer 
convention  of  AIEE  in  Swampscott, 
Mass.  This  must  have  been  in  1921 
or  1922.  In  the  course  of  his  re- 
marks, Dr.  Alexanderson  noted  that 
the  transmission  band  width  of  the 
transmitter  and  receiver  required 
to  be  increased  in  exact  proportion 
to  the  increase  in  keying  frequency, 
and  furthermore  stated  that  this  re- 
quirement necessarily  proportion- 
ately reduced  the  total  number  of 
available  channels  in  any  given  por- 
tion of  the  spectrum. 

His  explanation  was  so  clear  that 
I still  remember  it  vividly,  although 
I was  only  14  or  15  years  old  at  the 
time.  Anything  which  can  be  ex- 
plained satisfactorily  to  a young- 
ster is  undoubtedly  pretty  well  un- 
derstood by  the  teacher.  Therefore, 
I would  like  to  nominate  Dr.  Alex- 
anderson as  the  proponent  of  the 
law  of  the  relationship  of  informa- 
tion, time,  and  band  width. 

Lovett  Garceau 

Director,  Electro. Medical  Laboratory,  Inc- 
UollistoH,  Hass. 

Research  indicates  that  a joint 
meeting  of  AIEE  and  IRE  was  held 
in  New  York  City  in  October  1919 
at  which  Dr.  Alexanderson  had  a 
paper,  Transoceanic  Radio  Com- 
munication, which  discussed  one 
application  of  the  Hartley  Law.  In 

this  paper  Dr.  Alexanderson 
pointed  out  that  the  higher  the 
speed  of  sending,  the  greater  must 
be  the  separation  required  between 
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”11  It's  o COIL— We'll  Make  I* 


Hand-wound  coils,  of  any  material 
or  construction,  delivered  promptly. 
Thousands — small  runs — or  experi- 
mental. Best  material — good  work- 
manship. Send  prints  or  specifica- 
tions for  quotation.  State  delivery 
requirements. 


PERMANENT  MAGNETS 
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Even  though  their  aixe  is  dwarfed,  there  It  no  similar  shrinkage  In  the  quality 
ol  these  "Unbrako"  Socket  Set  Screws.  The  same  strength,  hardness,  and 
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INQUIRE 

lor  lab.  tempera- 
ture chart  like 
the  one  shown 
below  that  shows 
how  a Sta-Warm 
tank  varied  less 
than  1°F.  during 
24  hr.  test  period. 


INSIST  ON  ACCURATE  CONTROL 

of  compound  molting  temperatures 

The  wide  distribution  of  electric  heating  circuits 
which  blanket  sidewall  and  bottom  areas  of  Sta- 
Warm  compound  melting  tanks  and  kettles  together 
with  the  Sta-Warm  thermostat  provide  accurate 
control  ol  melting  and  operating  temperature  to 
your  specification. 

Under  average  shop  conditions,  Sta-Warm  tanks 
hold  to  plus  or  minus  5°F.  max.  variation.  Under 
laboratory  conditions  they  hold  to  1°F. 

Insist  on  Sta-Warm  tanks,  kettles  or  pots  for  low 
wattage  per  sq.  in.  of  tank  surface,  uninterrupted 
production,  low  maintenance  and  greater  daily 
output. 


adjacent  channels.  In  192S  at 
Swampscott,  Dr.  Alexanderson,  A. 
E.  Reoch  and  C.  H.  Taylor  delivered 
a paper  before  AIEE,  The  Electri- 
cal Plant  of  Transocean  Radio  Tele- 
graph, but  there  is  nothing  in  the 
formal  report  of  this  paper  which 
indicated  that  the  relations  between 
the  amount  of  intelligence  to  be 
transmitted  and  the  time  or  band 
width  were  discussed.  It  is  quite 
possible  that  this  is  the  convention 
which  Mr.  Garceau  remembers  and 
that  the  informal  discussion  related 
to  the  matter  at  hand. 

There  is  no  doubt  that  numerous 
pioneers  knew  and  appreciated  at 
a relatively  early  date,  the  relation- 
ships we  have  been  discussing.  As 
a matter  of  fact,  Mr.  Hartley  him- 
self knew  of  the  manner  in  which 
the  factors  are  tied  together.  Paul 
Findley  of  the  Bell  Telephone  Lab- 
oratories has  found  in  the  Labor- 
atory files  a 14-page  memo  dated 
December  9,  1918  in  which  Mr. 
Hartley  formulates  the  general  re- 
lationship he  published  more  form- 
ally eight  years  later. 

Perhaps  the  matter  is  like  the 
law  of  gravitation — the  effects  of 
which  were  generally  understood 
for  a very  great  time  but  which  re- 
mained rather  vague  until  Newton 
• • • 

X-RAY  TUBE  TESTER 


STA-WARM  ELECTRIC  CO. 

1000  N.  CHESTNUT  ST.  • RAVENNA,  OHIO 


A 2.000.000-volt  x-ray  tub* 
by  Machlett  Laboratories  and  some  ot 
the  equipment  used  in  making  kifl 
voltage  tests 
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by  Alexander  M.  Georgiev 

Probably  no  Radio-Electronic  component  is  more 
important  than  the  Electrolvtic  Capacitor,  and  this 
new  book  by  Alexander  M.  Georgiev  who  has 
devoted  more  than  15  years  to  Capacitor  research 
and  development  answers  all  the  many  questions 
engineers,  designers,  servicemen  and  others  have 
been  asking  about  this  subject.  Abundant  data 
is  presented  as  to  Electrolytic  Capacitor  con- 
structional features  — where, 
when  and  how  to  use  them  WHAT  TYPE? 

to  best  advantage  in  prefer-  aa/UV? 

ence  to  non-electrolytic  WHY; 

types — in  short,  everything 
you  need  to  know  in  order  vrncnc. 
to  utilize,  buy,  specify  re- 
place, or  service  Capacitors  intelligently  and  effi- 
ciently. A comprehensive  bibliography  and  list  of 
patents  will  prove  of  far-reaching  value.  Contains 
over  200  pages  and  eighty  illustrations  including 
graphs,  photomicrographs,  oscillograms,  etc.  Just 
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while  the  supply  lasts. 
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Enclosed  find  $ for  copies  of 

Alexander  M.  GeorgloVs  •THE  ELECTRO  LYTIC 
CAPACITOR  ’ (Price  $3  each.  J3.25  foreign)  or 
□ send  C.O.D.  (in  U.8.A.  only)  for  tills  amount 
plus  postage. 


put  the  facts  down  into  a eoncise 
and  easily  understood  law.— (Ed.) 

Dear  Mr.  Henney : 

The  proposed  Hartley  Law,  as 
stated  in  the  “Cross  Talk”  section  of 
Electronics  for  June,  1946,  un- 
doubtedly applies  to  a system 
wherein  scanning  methods  are  em- 
ployed but  does  not  necessarily  ap- 
ply to  a system  where  the  intelli- 
gence contained  in  a large  number 
of  elements  (such  as  the  individual 
elementary  areas  in  a video  image) 
are  transmitted  simultaneously.  In 
the  latter  system,  the  band  width  is 
entirely  dependent  on  the  allowable 
“crowding”  of  frequencies  consis- 
tent with  satisfactory  frequency 
differentiation  at  the  receiver. 

For  example,  if  frequency  is 
made  the  “tag”  for  positioning  ele- 
mentary areas  in  a video  image, 
and  assuming,  for  the  sake  of  ar- 
gument, that  it  is  possible  by  spe- 
cial means  to  assign  frequencies 
differing  from  each  other  by  only 
one-quarter  cycle,  it  then  becomes 
possible  to  transmit  240,000  ele- 
mentary areas  simultaneously  in  a 
band  width  of  only  60  kc. 

It  is  beyond  the  scope  of  this  let- 
ter to  discuss  whether  or  not  this 
is  possible,  but  I think  you  will 
agree  that  if  such  is  possible,  the 
so-called  Hartley  Law  does  not  ap- 
ply to  this  system.  It  is  impossible 
to  reduce  the  band  width  considera- 
tions of  the  system  just  described 
to  a law,  because  they  are  obviously 
based  on  experimental  factors,  such 
as  the  frequency  discrimination  pos- 
sible in  practical  forms  in  crystal 
filters.  Therefore,  for  the  sake  of 
accuracy,  it  might  be  advisable  to 
call  attention  to  this  limitation. 

Palmer  H.  Craig 

Univeroitg  of  Florida 
Gainesville,  Fla. 
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The  superior  moisture  seal  afforded  by  the  molded 
phenolic  case  guarantees  that  these  oil-impregnated 
capacitors  will  withstand  the  rigors  of  sea  shipment 
and  tropical  service. 

SMALL  SIZE 

Conforming  to  AWS  dimension  standards,  the 
cases  are  13/16"  x 13/16"  x 19/64  (CN35)  and 

11/16"  x 29/64"  x 7/32"  (CN20). 


CLOSE  STACKING 

The  flat,  rectangular  form  permits  side-by-side 
mounting  in  minimum  sub-chassis  space. 

SELF  SUPPORTING 

Light  in  weight  — and  with  solid,  ft  18  wire  leads 

— these  capacitors  are  satisfactorily  mounted  by 
their  connecting  leads  only. 

ALL  POPULAR  RATINGS 

Capacitances  from  100  to  50,000  mmfd.;  Working 
voltages  from  200  to  1600  V.D.C. 

IMMEDIATE  AVAILABILITY 

Large-scale  production  facilities  — for  winding, 
oil-impregnating,  assembling,  molding  and  testing 

— assure  continuous  delivery  of  these  dependable 
capacitors. 


LOW  COST 

Comparing  favorably  in  cost  with  the  paper  tubu- 
lars they  supersede,  these  non-inductive  capacitors 
offer  more  service  per  penny. 
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'i  ►TALK  ...  In  the  October  issue  of  The  American 
i Magazine,  Paul  A.  Porter,  Chairman  of  the  FCC,  has 
> an  article  entitled  “Radio  Must  Grow  Up.”  In  it 
l Mr.  Porter  comments  on  the  growing  displeasure  of 
j the  listening  public  about  the  increasing  blatancy  and 
I poor  taste  of  commercial  announcements, 
j Because  of  Mr.  Porter’s  position,  his  interest  in  and 
t awareness  of  this  attitude  on  the  part  of  the  public  is 
I most  encouraging.  And  because  he  mentions  an  inci- 
dent occurring  in  the  mountains  of  New  Hampshire,  a 
locality  with  which  we  are  familiar,  a report  on  the 


radio  situation  there  may  not  be  amiss. 

In  Mr.  Porter’s  incident  a famous  scientist  and  his 
friends  listened  to  an  afternoon  symphony  with  great 
enjoyment  only  to  have  the  music  suddenly  followed 
by  a “squalling,  dissonant,  nasty  singing  commercial.” 
The  scientist  promptly  threw  out  of  the  house  the 
products  advertised  by  the  commercial  and  vowed  that 
no  more  of  the  stuff  would  be  permitted  to  enter.  Sci- 
entists, of  course,  are  few  and  are  probably  not  repre- 
sentative of  the  people.  On  the  other  hand,  the  people 
are  not  dumb.  Once  you  get  away  from  the  cities, 
people  become  folks  and  you  can  get  close  to  them. 
You  can  find  out,  for  example,  how  they  feel  about 
things.  In  the  mountains  of  New  Hampshire  people 
listen  to  the  radio  but  shut  their  ears  to  the  plugs. 
When  asked  what  they  think  of  the  commercials,  they 
invariably  say,  “Aren’t  they  awful !” 

So  far  as  radio  service  is  concerned,  this  part  of 
New  England  is  poorly  served.  Field  strengths  are 
not  great  enough  to  override  static  and  man-made 
noise.  At  dusk  the  best  of  the  daytime  stations  are 
badly  garbled  and  soon  disappear  in  a rush  of  distant 
stations,  few  of  which  deliver  good  service  because  of 
fading  and  general  interference.  WQXR,  the  old 
standby  for  New  York  people  who  believe  that  radio 
means  music,  comes  in  well  at  first  but  birdies  and 
"whistles  finally  get  it  down.  At  8:55  WABC  comes  in 
h®g  enough  to  bring  in ' comment-free  news,  thanks 
* Quink  and  Johns  Manville.  As  a matter  of  fact 
WABC  is  the  best  CBS  station  heard.  The  radio  prob- 


lem is  solved,  however,  by  the  Yankee  Network  f-m 
station  on  top  of  Mt.  Washington.  Its  signals  are  clear 
and  steady,  free  from  noise  and  fading.  It,  however, 
carries  Mutual  programs,  and  since  Mutual  seems 
to  have  gone  whole  hog  for  talk  programs  there  isn’t 
much  from  Mt.  Washington  for  New  England  people 
who  believe  that  radio  means  music. 

New  Englanders  are  no  better  and  no  worse  off 
than  the  rest  of  the  country  when  it  comes  right  down 
to  programs.  There  simply  is  too  much  talk,  not  alone 
advertising  talk  but  all  kinds  of  talk— program  talk, 
news  comment  talk,  program  notes  talk,  drama  talk. 
People  here  really  want  music  and  music  is  one  of  the 
things  that  the  broadcasters  seem  to  be  eliminating 
from  their  programs.  They  even  hire  a good  musician 
like  Oscar  Levant  and  make  him  crack  jokes ! 

It  is  just  a hunch,  but  if  the  broadcasters  did  not 
dilute  their  programs  with  so  much  other  corny  chatter 
the  bad  taste  of  the  advertising  blah  would  be  evident 
even  to  the  men  who  prepare  it. 


► PAPER  . . . With  the  removal  of  the  restrictions 
on  paper,  Electronics’  first  move  was  to  add  to  its 
circulation  list  the  names  of  more  than  5000  engineers 
who  have  been  patiently  waiting,  some  for  many 
months,  to  get  their  first  copies.  The  next  step  was  to 
improve  the  paper  stock  from  31-pound  to  40-pound 
paper;  in  January  the  page  size  will  return  to  its 
old  dimensions  of  83  X 111  inches;  and  in  the  early 
months  of  1946  the  paper  will  be  improved  again  to 
45  or  50-pound  full  coated  stock. 

Not  content  with  these  improvements,  the  editors 
have  determined  to  bring  to  the  readers  a rapid  and 
full  report  of  wartime  developments  hitherto  re- 
stricted. This  issue,  for  example,  contains  a consider- 
able amount  of  material  which  was  unmentionable  a 


re  month  ago.  , 

And  by  the  way,  there  are  more  editorial  pages  in 
is  issue  than  have  ever  appeared  between  the  covers 
Electronics.  As  the  months  go  by  the  readers  wil 
ve  ample  evidence  that  so  far  as  this  magazine  is 
ncerned,  the  war  is  indeed  over. 
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Report  on 

WARTIME  ELECTRONIC 
DEVELOPMENTS 

On  the  following  pages,  and  continuing  in  succeeding  months,  Electronics  presents  a 
series  of  articles  describing  electronic  systems,  equipment  and  components  developed  dur- 
ing the  war,  information  on  which  the  future  course  of  the  industry  largely  depends 


IN  THE  FOLLOWING  PAGES,  and  in 
issues  to  follow,  ELECTRONICS 
undertakes  its  share  of  a huge 
project:  to  acquaint  industry  with 
the  accomplishments  of  the  war 
period  in  its  field. 

For  more  than  four  years  tech- 
nical workers,  backed  by  almost  un- 
limited resources,  have  researched, 
designed,  developed,  and  produced 
all  manner  of  electronic  gear  be- 
hind closed  doors.  Information  on 
this  vast  effort  has  been  inter- 
changed only  where  the  value  of 
exchanging  ideas  clearly  out- 
weighed the  threat  to  military  se- 
curity, and  then  only  between 
groups  working  in  similar  equip- 
ment. The  radar  specialists  knew 
little  if  anything  of  the  plans  to 
use  television  in  military  opera- 
tions despite  the  close  relationship 
between  the  two  arts.  Even  more 
remote  was  the  group  developing 
the  variable  time  (VT)  fuze,  a c-w 
radar  carried  in  a bomb  or  how- 
itzer shell.  Off  in  still  another  cor- 
ner were  the  “straight-communica- 
tion” boys  who  did  wonders  to  sup- 
ply what  the  Army  and  Navy  needed 
above  all,  reliable  radio  contact  be- 
tween combat  units  and  commands. 
And  among  the  most  hush-hush 
were  the  “rcm”  (radar  and  radio 
countermeasures)  workers  whose 
business  it  was  to  fox  and  outfox 
the  enemy  in  his  use  of  radio  and 
radar. 
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SCR-584  radar  and  RC-184  Identification 
equipment  of  Battery  B.  5th  Antiaircraft 
Battalion.  The  radar  (left,  dug  in)  ie  the 
10-cm  300  kw  Job  which  licked  the  bam* 
bombe.  RC-I84  (antenna,  right)  transmits 
pulses  on  a lower  frequency  to  friendly 
aircraft  which  retransmit  a coded  reply. 
By  this  means  the  buss  bombs  were  sep- 
arated from  Allied  fighters  chasing  them, 
and  in  the  end.  80  percent  of  the  V-l's 
were  shot  down  by  radar  control 

So  it  is  that  many  technical  work- 
ers have  been  in  possession  of  a 
small  part  of  a particular  field,  but 
barred  by  security  or  lack  of  time 
from  other  parts  of  the  electronic 
art.  Material  available  for  publica- 


tion has  been  scanty  (but  not  en-  =, 
tirely  so  as  the  accompanying  bib-  m 
liography  shows)  and  of  theoretical  .. 
nature,  especially  on  the  topics  of 
greatest  technical  interest.  Even 
now  many  restrictions  apply,  but 
present  indications  are  that  soon 
all  wraps  will  be  removed  from 
most  systems,  equipment  and  com- 
ponents developed  for  use  in  the 
war. 

That  a good  start  has  already  1 
been  made  will  be  evident  from  the 
following  26  pages,  all  of  which  j 
were  assembled  within  six  weeks  of  i 
the  end  of  hostilities.  The  articles  i 
cover  a wide  range.  Radar  assumes  ! 
a central  position,  sis  indeed  it  must 
in  view  of  the  prodigious  effort 
expended  on  it.  But  interest  is  by 
no  means  confined  to  radar.  The  i 
paper  on  the  AN/PRS-1  mine  de- 
tector describes  a remarkable  de- 
vice which  saved  untold  lives,  albeit 
by  a technical  principle  which  is 
even  now  very  imperfectly  under- 
stood. The  Loran  navigation  sys- 
tem, one  of  the  great  American 
contributions,  is  well  known  in  fac 
if  not  in  name  to  listeners  who  have 
tuned  through  the  160-meter  ham 
band  since  1942.  The  ground-con- 
trolled  approach  system  for  bring- 
ing aircraft  safely  down  through 
fog  has  a bright  future.  The 
fuze,  whose  vacuum  tubes  can  stan 
the  shock  of  being  thrown  from  * 
gun  with  an  acceleration  of  20, 
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these  will  be  found  in  this  issue. 

This  is  merely  a start.  It  would 
be  imprudent  in  a competitive  world 
to  list  detailed  plans  for  future  is- 
sues. But  assurances  of  early  de- 
classification of  equipment  by  Air 
Force  and  Navy,  following  the  note- 
worthy step  already  taken  by  the 
Signal  Corps,  leave  no  doubt  as  the 
general  trend : airborne  and  ship- 
borne  radars  to  match  the  ground 
radars  here  tabulated;  shf  com- 
munication by  pulses  and  other- 
wise; television  systems  reduced  to 
the  airborne,  and  even  the  bomb- 
borne,  stage;  tubes  for  creating 
more  power  at  higher  frequencies 
than,  perhaps,  anyone  can  use  for 
a non-military  purpose;  test  equip- 
ment covering  every  phase  of  uhf 
and  shf  technology;  simple  control 
, circuits  for  pilotless  aircraft. 

In  short,  after  the  famine,  the 
feast.  It  is  the  plan  of  the  editors 
to  continue  the  Electronics  War 
Report  for  as  many  months  as  their 
readers  find  it  interesting.  Material 
is  available,  from  among  the  radar 
and  radio  equipment  already  declas- 
sified, to  fill  extra  columns  for  many 
months.  The  editorial  task  is  one 
of  selecting  the  more  important 
contributions  and  presenting  them 
lucidly.  Suggestions  from  readers 
concerning  suitable  material  will  be 
gratefully  received  and  carefully 
considered. 


? ' e?,U'P“<,nt  wh!clh  Produced  thi,  PPI  picture  oi  Manhattan  I.land  and  nearby 

lion  i ,n°rlh>  was  >ml  under  development  al  the  war's  end.  The  resolu- 

ri  r„  'd  t'  w MfUal  d~k*  al?Bq  ,h°  Hud,on  Rirer'  bridqe‘-  i*land»'  »h‘P*'  ond  even 
r°ad  'rocks  (diagonal  lines  lower  left)  Is  made  possible  by  the  use  oi  a wavelength 
shorter  than  3 cm 


times  gravity,  is  pure  Jules  Verne. 

For  those  who  like  their  radar 
concentrated,  the  table  under  “Ra- 
dar Specifications”  is  prescribed. 
Somewhat  more  dilute,  and  perhaps 
more  generally  informative,  is  the 


description  of.  the  SCR-584,  the 
most  versatile  radar  to  be  designed 
by  any  of  the  warring  powers  and 
the  first  S-band  radar  (10-cm  wave- 
length) to  be  described.  The  GCA 
system  also  employs  radar.  All 
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,,DA<  WA,,A*E October  1945,  p 91 

echmcol  and  tactical  factors  behind  the  uses  of  the  electronic  device 

CONTROL  TOR  FORMATION  FLYING October  1945,  p 98 

ccesiory  for  C-l  autopilot  permits  effortless  maneuvering 

TICIMCAI  BASIS  OF  ATOMIC  EXPLOSIVES October  1945,  p 109 

rroduction  and  m.  of  oraniam-235  ond  plutonium 

W'RE  SPLICE  DETECTOR September  1945,  p 98 

elects  discontinuities  in  field  wire  laid  from  C-47  transport  at  125  mph 

u*?)!?.4*  **“** September  1945,  p LOO 

unit  detlgned  to  direct  ontl-oircroft  ceorcliHghtt  and  gunt 

HOIK  UNIT  FOR  TRAINER AoRcmt  I94S,  p 9* 

«»•  reteaibling  that  of  airplane  motor  In  produced  electronically 

equation Aphi  ,945,  , 91 

onA  tentltlvlty  are  related  to  dintance  and  tine  of  detected  object 

*-•  COMPUTING  OUNSIGHT Jcuwary  1945,  p 94 

**ry°  outomatlcally  provides  correct  deflection  to  insure  hits 

;NUT1C  MAP  TRACER November  1944,  p 94 

* and  •Quivalent  of  blind-flying  apparatus 

*ABI°  0-'  NETWORKS November  1944,  p 11» 

oi*  trom  lost  aircraft  are  utilized  to  establish  position 

AUTOPILOT  CIRCUITS October  1944,  p 110 

•r  unit  energizes  servo  motors  In  response  to  gyro-produced  signals 


ARMY  AIRWAYS  COMMUNICATIONS  SYSTEM August  1944,  p 98 

Army  Air  Force  affiliate  points  the  way  for  post-war  air  travel 

NEW  ENEMY  RADIO  EQUIPMENT July  1944,  p 132 

Analysis  of  German  and  Japanese  sets  manufactured  in  1943 

FUNGUS-PROOFING  PROCEDURE June  1944,  p 92 

Discussion  of  fungicides  used  in  tropicalization  of  military  equipment 

TURBO  REGULATOR  FOR  AIRPLANES May  1944,  p 108 

Provides  constant  power  condition  for  each  engine  at  any  altitude 

JAP  RADIO  EQUIPMENT May  1944,  p 126 

Detailed  description  of  the  Model  13  high-frequency  command  set 

GERMAN  VHP  COMMAND  SET April  1944,  p 132 

Detailed  description  of  the  FUG-16,  operating  in  the  38-42  me  band 

CAPTURED  AXIS  EQUIPMENT March  1944,  p 94 

German  FUG-10,  used  In  bomber  ond  reconnaissance  aircraft 

SUPPRESSING  JEEP  RADIO  NOISE D.c.mb.r  1943,  p 94 

Body  bonding,  filtering  and  tests 

ELECTRONIC  MEGAPHONES November  1943,  p 125 

Vacuum-tube  amplifiers  aid  Navy  vessels  on  convoy  duty 

RADAR  DEVELOPMENT 1*«3,  P 774 

Official  U.  S.  and  British  releases  covering  the  early  work 

ELECTRONICS  IN  THE  NAVY April  1943,  p 72 

Naval  uses,  plus  outline  of  organization  under  Bureau  of  Ships 
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The  Loran  System  . . Part  I 


Pulsed  transmissions  on  1700-2000  kc  provide  precise  over-water  navigation  for  ships 
and  aircraft  at  distances  up  to  1500  miles  from  shore-based  stations  at  night,  or  750 
miles  by  day.  Operating  principles  of  the  most  important  long-range  navigation  system 

to  come  out  of  the  War 


Loran  (from  Long  Range  Navi-  devised  a hyperbolic  method  of  po- 
gation)  is  a system  of  radio  sition  finding  and  suggested  that 
navigation  which  permits  the  navi-  the  Radiation  Laboratory,  then  be- 
gator  of  a ship  or  an  aircraft  ing  formed  at  undertake  to 

to  determine  his  position  with  an  develop  the  system.  Prior  to  this, 
accuracy  not  worse  than  15  miles  at  Robert  J.  Dippy  of  the  Telecom- 
a distance  of  1500  miles  from  shore,  munications  Research  Establish- 
It  is  one  of  a family  of  systems,  ment  in  England  had  devised  inde- 
known  as  “hyperbolic  navigation  pendently  substantially  the  same 
systems”,  which  measure  the  rela-  system,  which  was  christened  the 
tive  time  of  arrival  of  two  or  more  “Gee”  system  and  developed  to  the 
radio  signals  sent  synchronously  point  of  operational  use  in  1942. 
from  known  points.  In  that  year  an  exchange  of  infor- 

Loran  operates  in  the  region  from  mation  between  Radiation  Labora- 
1700  to  2000  kc,  and  employs  high-  tory  and  T.R.E.  revealed  that  the 
power  pulses  of  approximately  50  two  groups  were  working  on  the 
microseconds  duration.  same  system,  but  with  different 

aims. 

History  of  tho  Development  The  Gee  system  was  intended  for 

the  guidance  of  high-flying  bomber 
The  Loran  development  Is  based  aircraft  over  Germany,  at  maxi- 
on  a proposal  of  Dr.  Alfred  L.  mum  distances  of  200  to  300  miles, 
Loomis,  of  the  National  Defense  and  employed  line-of-sight  fre- 
Research  Committee,  who  in  1940  quencies  in  the  region  from  40  to 


FIG.  1— Basic  layout  of  tho  Loran  system.  Master  and  slave  stations  transmit 
synchronised  pulses,  and  the  difference  in  their  times  of  arrival  determines  the 
position  of  the  ship  or  aircraft 


80  me.  The  Radiation  Lab 
was  working  on  a system,  la 
christened  Loran,  which  would  serve 
equally  well  for  aircraft  at  high 
altitudes  or  naval  ships  on  the  sur 
face  and  which  would  have  a range 
greater  than  500  miles,  for  the  de 
fense  of  American  shores.  The  fre- 
quency adopted  for  Loran  in  the 
winter  of  1941-42  was  1950  kc,  just 
inside  the  then  recently  vacated  160- 
meter  amateur  band.  After  the 
interchange  of  information,  the  two 
projects  were  coordinated  and  there- 
after the  two  systems,  Gee  for 
short  ranges  at  high  altitudes  and 
Loran  for  long  ranges  at  any  alti 
tude,  were  exploited  independently 
by  the  two  groups. 

In  1942,  the  first  Loran  stations 
were  put  in  operation  along  the  At- 
lantic coast  from  Delaware  to 


Greenland  by  the  Radiation  Labora- 
tory and  later  turned  over,  for 
routine  operation,  to  the  Coast 
Guard.  In  that  same  year  ship- 


borne  navigating  equipment  was 
manufactured  in  small  quantity  and 
later  appeared  in  several  improved 
models  in  sufficient  quantity  to 


equip  the  entire  fleet.  By  1943  pro- 
duction was  in  full  swing  on  the 
AN/APN-4  airborne  navigating 
(receiver-indicator)  equipment,  and 
in  1944  a new  version,  the  AN/ 
APN-9,  made  its  appearance.  These 
receivers  were  based  on  the  original 


Radiation  Laboratory  design,  as 
was  the  ground  station  equipment 
(transmitters,  pulse  timers,  and 
synchronizing  equipment).  Ground 
installations  were  made  at  Allied 
bases  over  the  entire  globe,  from 
The  Bay  of  Bengal  in  the  west  to 
the  Mediterranean  on  the  east,  an 
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Loran  .lotions  haye  boon  installed  in  many  remote  places,  like  this  one  (note  towers) 
on  top  of  a cliff  in  the  Faeroes  Islands 


manned  by  personnel  of  the  Coast 
Guard,  Army  Air  Forces,  Canadian 
Navy,  British  Navy,  and  Royal  Air 
Force. 

Credit  for  the  development  of  the 
Loran  system  and  all  its  compon- 
ents, as  well  as  the  study  of  radio 
wave  propagation  on  which  it  is 
based,  goes  to  the  Loran  Division 
of  the  Radiation  Laboratory,  a 
group*  of  approximately  50  engi- 
neers, physicists  and  technicians 
which  served  under  the  direction  in 
successive  years  of  Melville  East- 
ham,  Donald  G.  Fink,  J.  C.  Street 
and  J.  A.  Pierce.  Credit  for  the  ef- 
fective use  of  the  system  by  the 
fleets  and  air  forces  of  the  Allies 
goes  to  thousands  of  individuals  in 
the  Armed  Forces  who  put  into  ef- 
fect plans  formulated  by  Major 
General  H.  M.  McClelland  of  the 
U.  S.  Army  Air  Forces,  Rear  Ad- 
miral Joseph  Redman  of  the  U.  S. 
Navy,  and  Air  Vice  Marshal  Sir 
Victor  Tait  of  the  Royal  Air  Force. 


• Among  the  staff  members  of  the  Loran 
Division  who  contributed  to  the  develop- 
ment and  installation  of  the  equipment  are 
Klizabeth  Cooper.  David  Davidson.  Melville 
Kastham,  D.  G.  Fink.  Gordon  Gregory.  John 
Halford.  D.  E.  Kerr.  R.  B.  Lawrance.  A.  A. 
MacKenzie,  Glenn  Musselman.  J.  A.  Fierce. 
J.  K.  Phelan,  A.  J.  Fote,  B.  W.  Bitterly.  J. 
A.  Stratton,  W.  L.  Tierney,  Joseph  Wuld- 
Bchmit,  J.  C.  Williams,  and  It.  II.  Woodward. 
Among  the  military  contributors  were  Major 
J-  M.  Hertzberg.  AAF ; Commander  A.  S. 
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The  principle  of  hyperbolic  navi- 
gation, as  exemplified  in  the  Loran 
system,  is  illustrated  in  Fig.  1. 
Four  pulse-transmitting  stations 
are  located  along  a shoreline  adja- 
cent to  the  ocean  area  over  which 
navigation  is  desired.  Two  of  these 
stations  (Ai  and  A,  in  the  figure) 
are,  for  economy’s  sake,  at^  one 
point  which  is  known  as  the  “dou- 
ble master”  station.  This  station 
sends  out  pulses  broadcast  in  all  di- 
rections, at  a highly  precise  rate. 
Two  sets  of  pulses  are  transmitted. 
One  set,  transmitted  by  station  A„ 
operates  at  a rate  of,  say,  25  pulses 


per  second.  The  other  set,  corres- 
ponding to  station  A„  operates  at  a 
slightly  different  rate,  say  25.0627 
pulses  per  second.  The  difference  in 
the  rates  permits  the  two  sets  of 
pulses  to  be  distinguished  when 
thdy  arrive  at  the  ship  or  aircraft. 

Consider  first  a pulse  broadcast 
by  station  A,.  This  pulse  travels 
to  the  associated  “slave  station”  JJ« 
where  it  is  received.  After  a pre- 
determined delay,  B,  sends  out  an 
identical  pulse  which  is  timed  at 
the  rate  of  the  pulse  received  from 
station  A,.  Hence  stations  A,  and 
B,  send  out  identical  pulses  at  the 
same  rate  (in  this  case  25  per  sec- 
ond), but  the  pulses  from  station 
B,  are  emitted  later  than  those  from 
A,  by  the  time  tAui  (the  time  of 
travel  from  A.  to  B,)  plus  the  delay 
3 within  station  B,.  The  two  sets  of 
pulses  from  A,  and  B,  are  transmit- 
ted to  the  receiver  on  the  ship  or 
aircraft.  The  pulses  from  B,  arrive 
after  an  additional  delay  L and 
those  from  A,  after  an  additional 
delay  t„. 

At  the  receiver  the  two  pulses  are 
displayed  on  a cathode-ray  oscillo- 
scope and  the  difference  in  their 
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FIG.  2 — Derivation  of  a hyperbolic  Loran 
line  (shown  in  red)  from  points  of  equal 
time  difference 


times  of  arrival  is  very  precisely 
measured  (to  an  accuracy  of  the 
order  of  one  microsecond).  The  time 
difference  so  measured  is  equal  to 
To i — (tA in  + Si  + ti)  — t,  (1) 
The  quantity  in  brackets  represents 
the  time  required  for  the  master 
pulse  to  be  relayed  to  the  receiver 
via  station  Bx  and  t„  represents  the 
time  for  the  master  pulse  to  arrive 
directly  from  A,.  Using  the  meas- 
ured value  of  time  difference,  the 
navigator  consults  a Loran  chart 
and  finds  on  it  a line  (or  interpo- 
lates between  lines  where  neces- 
sary) associated  with  station  pair 
AxB,  and  marked  with  the  cor- 
responding value  of  time  difference. 
The  ship  or  aircraft  is  located  on 
this  line. 

By  an  exactly  similar  procedure, 
the  navigator  then  measures  the 
time  difference  between  the  other 
pair  of  pulses,  originating  in  sta- 
tions A,  and  B , and  sent  out  at 
25.0627  pulses  per  second.  The  time 
difference  is 

Ta,  = (tu*»  + S2  + L)  — t,  (2) 
Using  this  value  of  time  difference, 
the  navigator  consults  the  same 
chart  and  finds  (or  interpolates) 
another  line,  associated  with  the 
station  pair  AJB,.  The  intersection 
of  this  line  with  the  line  found 
previously  is  the  position  of  the  air- 
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craft  or  ship.  Thus  by  two  meas- 
urements of  time  difference  on 
synchronized  pulses  arriving  from 
two  pairs  of  stations,  the  navigator 
finds  his  position. 

If  the  time  difference'  is  meas- 
ured precisely,  the  accuracy  of  posi- 
tion finding  is  correspondingly 
precise.  When  the  time  differences 
are  measured  accurately  to  one 
microsecond  it  is  possible  to  deter- 
mine the  position  to  within  a few 
tenths  of  a mile  in  the  most  favor- 
able regions  of  the  area  covered, 
and  the  error  in  navigation  is  in  no 
case  worse  than  one  percent  of  the 
mean  distance  of  the  ship  or  air- 
craft from  the  stations.  Thus  if 
the  navigator  is  roughly  600  miles 
from  shore,  he  can  determine  his 
position  within  6 miles,  and  in  cer- 
tain areas  (at  this  distance)  he  may 
even  determine  it  within  a mile  or 
less.  Moreover,  as  the  navigator 
approaches  shore  and  the  need  for 
precise  navigation  increases,  the 
accuracy  of  position  finding  in- 
creases in  proportion  to  the  need, 
approaching  a limiting  accuracy 
which  is  well  within  one  mile. 

The  relation  between  the  time 
difference  and  the  corresponding 
position  line  on  a Loran  chart  can 
be  seen  from  Fig.  2.  Suppose  that 
the  navigator  is  at  point  A,  be- 
tween the  two  stations  A , and  B„ 
and  suppose  that  t,  is  600  microsec- 
onds and  tj  is  1400  microseconds. 
Then  the  time  difference  between 
the  two  paths  t , - t.  is  800  micro- 
seconds. Likewise,  if  the  naviga- 
tor is  at  point  B.  both  times  are 
longer  (1000  and  1800  respectively) 
but  their  difference  remains  the 
same,  800  microseconds.  Similarly, 
at  points  C,  D,  B',  C,  and  IT  the 
same  time  difference  appears.  The 
locus  of  these  points  and  of  all  in- 
termediate points  displaying  the 
same  time  difference  (shown  as  a 
red  line  in  the  Figure)  is  theo- 
i etically  a hyperbola.  However, 
when  the  locus  is  plotted  on  the 
surface  of  the  earth,  the  term  | 
hyperbola  does  not  strictly  apply 
and  the  term  used  is  a Loran  line 
of  position,  or  simply  “Loran  line”. 

It  will  be  noted  that  in  discussing 
Fig.  2 we  refer  to  the  time  differ- 
ence U — t„  whereas  the  time  dif- 
ference actually  measured  is  that 
given  by  Eq.  (1).  But  in  Eq.  (1) 
the  quantities  tAlgl  and  3,  are  con- 
stants for  any  particular  pair  of 


stations,  so  the  time  l_„ 
tually  measured  is  t,  _ 
constant.  The  constant  is  t, 
and  taken  into  account  ia  L 
the  lines  on  the  chart,  andq 
be  considered  by  the  nariJ 
The  Loran  line  shown  ini 
is  one  of  a family  of  lina 
for  each  value  of  measum 
difference  there  is  a corresfl 
hyperbolic  locus.  Such  ti 
shown  in  Fig.  3.  Here  thj 
have  been  labelled  with  the! 
values  of  time  difference,  gi| 
Eq.  (1),  when  the  value 
slave  station  delay  8 is  1000-., 
seconds.  In  the  case  sho*-l 
value  of  time  difference  ini 
continuously  from  a low 
1000  microseconds  on  the 
erate  hyperbola  (baseline 
sion)  passing  through  the  t 
tion  B,  to  a high  value  od 
microseconds  on  the  correspJJ,  • 
line  passing  through  the 
station  A,.  It  will  be  noted  thal 
line  has  a separate  value  of 
difference,  and  there  is  no 
guity.  This  follows  from  the 
difference  defined  by  Eq.  (1 
the  signals  were  emitted  i 
taneously  from  master  and 
stations,  lines  at  equal  distan 
the  left  and  right  of  the  cento 
would  have  the  same  value  of 
difference  and  an  ambiguity  9 
exist  It  will  be  noted  also  tht 
lines  shown  are  separated  by 
tervals  of  400  microseconds, 
every  line  shown,  the  system 
distinguish  400  intermediate 
The  family  of  lines  in  Fig.  j 
nevertheless  illustrates  a fund 
mental  shortcoming  of  all  hypo 


FIG.  S— Family  of  Lorcm  lines.  H»  oan 
gator  (elects  the  line  coreipoodin!  M 
the  measured  time  diiierenci.  inlsrpciei 
ing  where  necessary 
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FIG.  4— Two  familial  of  lino,  from  two  pair*  of  station!,  overlap  to  form  a sys- 
la, of  ioran  coordinates.  The  lines  determine  the  fix  (shown  in  red).  Between 
adjacent  lines.  500  additional  lines  can  be  resolved  by  the  system 


...  bolic  navigation  systems:  the  ac-  tersect  (crossing  angle).  In  the 
. curacy  of  determining  the  position  vicinity  of  the  master  station,  the 
is  not  constant  over  the  coverage  crossing  angle  is  close  to  90  degrees, 

. area.  The  lines  are  most  closely  the  optimum  case.  At  greater  dis- 
j,  spaced  (and  the  accuracy  of  posi-  tances  the  angle  decreases  and  on- 
tion  correspondingly  highest)  along  gitudinal  accuracy,  i.e.,  along  e 
. the  baseline  connecting  the  two  sta-  lines,  is  thereby  reduced,  owever, 

„ tions.  As  the  navigator  departs  the  combined  effect  of  all  the  losses 
from  the  baseline,  the  lines  diverge,  of  accuracy  is  expressed  in  the 
Hence  the  accuracy  of  navigation  rule-of-thumb  previously  stated, 
decreases  with  increasing  distance  the  accuracy  is  not  worse  than  one 
from  the  stations,  as  already  stated,  percent  of  the  mean  distance  from 
Moreover,  the  divergence  of  the  the  stations,  and  the  accuracy  lm 
lines  increases  as  the  navigator  de-  proves  as  the  navigator  approac  es 
; parts  from  the  center  line  and  ap-  the  center  line  or  the  baselines,  or 
‘ proaches  the  baseline  extensions,  both. 

v Along  the  baseline  extensions  them-  A quantitative  index  o accuracy 
i selves,  the  accuracy  of  the  system  is  given  in  Fig.  5.  Each  line  oi 
| is  poor.  To  assure  navigation  of  Loran  line  is  indicated  as  a zone, 
- I acceptable  accuracy  over  the  desired  at  the  center  of  which  is  the  inai- 
area  it  is  necessary  to  select  the  cated  line  of  position  and  the  edges 
locations  of  the  stations  with  care,  of  which  represent  the  limits  °f 
so  that  the  areas  of  primary  in-  certainty  in  measuring  the  time  dif- 
lerest  fall  within  the  central  por-  ference.  When  two  such  zones  are 
' Hon  of  the  family  of  lines.  crossed  to  find  the  position  fix,  the 

Figure  4 represents  a typical  ar-  intersection  of  the  zones  forms  a 
tangement  of  a double  master  sta-  quadrilateral,  shown  shaded  in  the 
tion  and  two  slave  stations  and  figure.  The  indicated  posi  ion  s 
' allows  the  overlapping  families  of  the  point  shown  in  the  center  o 
: Loran  lines.  The  position  fix  shown  the  quadrilateral,  but  the  position 
corresponds  to  a time  difference  of  is  uncertain  over  the  shaded  area. 
3000  microseconds  from  station  The  maximum  diagona  o e 
, Wir  A,B„  and  2500  microseconds  quadrilateral  is  a measure  of  the 

from  station  pair  A This  fig-  error  in  fixing  the  position,  in 

f “re  illustrates  another  factor  in-  maximum  possible  error  is  one  ha 

Silencing  the  accuracy  of  the  fix,  of  this  dimension.  _ 

the  angle  at  which  the  two  lines  in-  Another  way  of  expressing  the 


accuracy  of  the  system  is  to  state 
the  angle  corresponding  to  the  un- 
certainty in  a lind  of  position.  This 
angle  is  directly  comparable  with 
the  angular  accuracy  of  a loop-type 
direction  finder.  In  the  family  of 
lines  shown  (Fig.  8)  there  are 
3200  separately  distinguishable 
lines  between  the  limiting  para- 
bolas, which  subtend  an  angle,  at 
the  center  of  the  baselines,  of  about 
110  degrees.  Hence  the  average 
angular  separation  between  re- 
solvable lines  is  about  0.08  degree, 
compared  with  one  to  five  degrees 
which  is  the  normal  accuracy  of  a 
loop-type  direction  finder. 

Dlstanc*  of  Coverage 

After  the  accuracy  of  the  system 
has  been  established,  the  important 
remaining  question  is  the  maximum 
distance  at  which  the  signals  can  be 
received  with  sufficient  accuracy 
for  the  intended  use. 

The  attenuation  of  2000-kc  radio 
signals  propagated  with  horizontal 
polarization  via  the  ground  wave 
over  sea  water  is  approximately  10 
db  per  100  miles.  The  standard 
Loran  pulse  is  fed  to  the  antenna 
with  a peak  power  level  of  from 
75  to  100  kw,  and  the  standard 
Loran  transmitting  antenna  has  a 
power  efficiency  of  at  least  75  per- 
cent. Under  these  conditions  the 
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FIG.  6 — Propagation  o!  Loran  signals  at  night  ria  the  sky  ware.  The  "one-hop-E" 
reflection  possesses  sufficient  constancy  of  transmission  to  replace  the  ground  ware 
and  thus  extend  the  night-time  range  of  the  system 


signal  falls  to  a level  of  about  2 
microvolts  per  meter  at  a distance 
of  750  statute  miles,  and  this  is 
about  the  minimum  level  on  which 
the  receiver  can  operate  in  the 
absence  of  atmospherics.  At  night 
the  external  noise  level  (originat- 
ing outside  the  receiver)  increases 
and  the  maximum  useful  range  via 
the  ground  wave  is  reduced  to  about 
500  statute  miles.  In  exceptional 
circumstances,  noise  may  reduce 
the  range  to  smaller  values,  and 
precipitation  static  encountered  in 
aircraft  may  obliterate  the  signals 
even  within  a few  miles  of  the  sta- 
tion. But  for  95  percent  of  the 
time,  the  reliable  range  using  the 
ground  wave  is  750  miles  by  day, 
500  miles  by  night. 

Early  in  the  development  of  the 
system,  Melville  Eastham  suggested 
that  the  sky  wave  signal  might  be 
employed  at  night  to  extend  the 
range  and  this  thesis  was  first 
proved  by  a series  of  several 
thousand  observations  made  by  J. 
A.  Pierce  at  Bermuda  early  in  1942. 
Since  the  pulses  employed  in  the 
system  are  short,  the  several  signals 
reflected  from  the  ionosphere  are 
discernible  separately,  and  it  was 
possible  to  investigate  the  con- 
stancy of  transmission  of  signals 
reflected  from  the  several  iono- 
spheric layers.  The  early  investi- 
gations showed  that  a singly-re- 
flected signal  from  the  E-layer  of 
the  ionosphere  was  transmitted 
with  remarkable  constancy.  The 
E-layer  signals  displayed  some  fad- 
ing and  variations  in  shape,  but 
were  sufficiently  stable  to  allow  the 
time  difference  to  be  measured  to 


an  accuracy  of  the  order  of  five 
microseconds.  The  same  investiga- 
tion showed  conclusively  that  reflec- 
tions from  the  F-layers  of  the 
ionosphere  were  much  less  stable, 
not  only  in  the  time  of  transmission 
but  also  in  the  constancy  of  pulse 
shape. 

This  discovery  of  an  hitherto  un- 
suspected property  of  sky  wave 
transmission  made  it  possible,  at 
night,  to  double  the  range  of  the 
system  by  employing  singly-re- 
flected E-Iayer  signals.  The  height 
of  the  E-layer  is  about  60  miles, 
so  a wave  leaving  the  earth  tan- 
gentially is  refracted  back  to 
another  point  of  tangency  at  a dis- 
tance of  about  1600  statute  miles. 
At  distances  beyond  this  only 
doubly  or  multiply-reflected  E- 
layer  signals  can  be  received  and 
these  are  generally  so  weak,  or  so 
inconstant  in  transmission,  that 
they  were  not  believed  to  have  util- 
ity in  a system  intended  for  use  by 
the  Armed  services.  Accordingly 
the  limit  was  set  at  1500  miles, 
and  the  Loran  charts  and  tabula- 
tions of  time  difference  were  pre- 
pared to  cover  this  range  from  the 
stations. 

The  mechanism  of  the  propaga- 
tion of  the  sky-wave  is  shown  in 
Fig.  6.  The  “one-hop-E”  signal  is 
the  sky  wave  signal  used.  It  will 
be  noted  that  this  signal  takes  an 
additional  length  of  time  to  travel 
from  transmitter  to  receiver,  rela- 
tive to  the  ground  wave.  This 
“sky  wave  delay”  must  be  taken 
into  account  in  using  the  system. 
Specifically,  a sky  wave  correction 
of  a specified  number  of  microsec- 


onds is  computed  for  each  portion 
of  the  chart  and  this  correction 
added  to  or  subtracted  from  the 
observed  reading  of  time  difference 
before  entering  the  chart  to  find  the 
Loran  line.  Figure  7 gives  the  av- 
erage values  of  the  singlehop  13- 
layer  sky  wave  delay  in  microsec- 
onds (as  measured  over  the  winter 
of  1942-43)  for  various  distances 
between  transmitter  and  receiver. 
The  appropriate  values  of  delay  are 
added  to  the  ground  wave  transmis- 
sion times  f,  and  t,  (see  Fig.  1)  in 
computing  the  sky  wave  time  differ-  - 
ence.  The  difference  between  the  sky  ^ 
wave  time  difference  and  the  ground 
wave  time  difference  (the  latter 
being  given  by  Eq.  (1))  at  the  .jj 
given  point  is  the  sky  wave  cor-  j, 
rection  which  is  applied  as  previ- 
ously  stated.  > 

Sky  wave  transmission  is  gener-  ... 
ally  available  at  2000  kc  only  at  .. 
night,  although  at  distances  beyond  ... 
500  miles  the  sky  wave  signals  are 
often  seen  on  Loran  oscilloscopes  in 
the  early  morning  and  late  after- 
noon hours.  Where  military  opera- 
tions are  scheduled  for  the  night 
hours  (for  example  night-bombing 
missions) , the  sky  wave  may  be  re- 
lied upon  not  only  for  reception  at 
the  ship  or  aircraft  but  also  for 
synchronizing  the  pairs  of  stations. 
When  sky  waves  are  so  employed 
for  synchronization,  the  system  is 
known  as  SS  Loran  (“SS”  for  sky- 
wave  synchronization).  Since  the 
sky  waves  are  propagated  over 
land  with  almost  negligible  attenua- 


FIG.  7— The  additional  time  of  I™"”*' 
sion  of  the  "one-hop-E"  sky  wars,  re  * 
to  the  ground  wave,  over  various 
tances.  This  delay  is  applied  as  a ** 
tion  when  using  sky-wave  sign 
ground-wave  charts 
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FIG.  8 — Typical  ground-ware  and  eky-wave  pulse  sequence  as  observed  on  the  Loran 
oscilloscope.  Signals  to  the  right  of  the  one-hop-E  are  disregarded  by  the  navigator 
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tion,  it  is  possible  to  set  up  an  SS 
system  for  navigation  over  land 
areas.  The  first  such  system  was 
set  up  over  Germany,  using  stations 
in  Africa  (later  Italy)  and  Scotland. 
It  provided  accurate  coverage  over 
the  entire  region  of  occupied  Eu- 
rope from  the  summer  of  1944  to 
the  end  of  the  war.  This  system 
was  used  by  the  British  night 
bomber  force,  and  was  sufficiently 
accurate  to  permit  blind  bombing 
over  Berlin. 

Figure  8 shows  a typical  se- 
quence of  pulses  as  they  are  ob- 
served on  the  cathode-ray  trace  of 
the  Loran  indicator.  It  is  evident 
that  the  navigator  must  identify 
the  proper  pulse  before  measuring 
the  time  difference,  and  this  con- 
stitutes a problem  in  the  applica- 
tion of  sky  waves.  When  within 
range  of  the  ground  wave,  the  first 
pulse  to  appear  is  the  ground  wave, 
which  is  generally  considerably 
weaker  (because  of  the  higher  at- 
tenuation) than  the  following  sky 
waves.  The  next  after  the  ground 
wave  pulse  is  the  one-hop-E  pulse, 
since  it  arrives  by  the  next  short- 
est path.  If  the  navigator  is  just 
beyond  the  range  of  the  ground 
wave  the  first  pulse  seen  is  the  one- 
hop-E,  and  this  pulse  must  be 
matched  with  the  corresponding 
pulse  from  the  other  station  of  the 
Pair.  Experience  in  operation  has 
proved  that  a navigator  soon  be- 
comes accustomed  to  the  sequence 
of  pulses  shown  and  is  generally 
able  to  distinguish  the  ground  wave 
from  the  sky  waves  and  the  one- 
hop-E  wave  from  the  other  sky 
waves. 

**•*  the  Time  Difference  Ii  Measured 

Figure  9 shows  the  method  by 
which  the  navigator  measures  the 


time  difference.  The  cathode-ray 
indicator  displays  two  horizontal 
traces  which  are  formed,  in  suc- 
cession with  invisible  retrace  lines, 
as  shown.  The  traces  are  formed 
under  the  control  of  a quartz-crys- 
tal oscillator  which  is  adjusted  to 
exact  synchronism  with  the  incom- 
ing pulses,  say  those  from  station 
pair  A,B„  In  the  case  we  have 
cited  (Fig.  1)  the  pulse  rate  for 
A Jit  is  26  pulses  per  second,  so  the 
time  from  the  beginning  of  the  top 
trace  through  the  entire  pattern  and 
back  to  the  beginning  of  the  top 
trace  is  exactly  l/25th  second,  and 
each  trace  is  approximately  l/50th 
of  a second  long.  The  pulses,  being 
synchronous  with  the  traces,  appear 
as  stationary  vertical  lines,  as 
shown  in  the  Figure. 

Auxiliary  “pedestals,”  created  by 
circuits  within  the  indicator,  are 
used  as  index  marks.  By  adjust- 
ment of  the  crystal-control  circuit, 
the  pulses  are  moved  until  one  pulse 
falls  on  the  top  pedestal.  The  bot- 
tom pedestal,  controlled  by  an  ad- 
justable delay  circuit,  is  then  moved 
under  the  bottom  pulse.  The  rela- 
tive positions  of  the  two  pedestals 
are  then  adjusted,  by  a series  of 
expanded  sweeps,  (details  of  which 
will  appear  later  in  this  series) 
until  they  are  oriented  with  the  in- 
coming pulses  to  an  accuracy  of 
one  microsecond.  The  time  delay 
between  the  formation  of  the  ped- 
estals is  then  measured  by  calibra- 
tion pulses  derived  from  the  crystal 
control.  This  is  the  value  of  time 
difference  associated  with  stations 
AtBt.  A similar  measurement  is 
performed  on  the  pulses  from  sta- 
tion pair  A Jit  by  adjusting  the 
cathode-ray  deflection  circuits  to  be 
synchronous  with  the  rate  for  that 
pair,  namely  26.0627  pulses  per 
second. 


In  all,  14  pulse  rates  are  avail- 
able in  the  indicator,  eight  rates 
being  slight  variations  of  26  pulses 
per  second,  and  the  remaining  six 
being  variations  of  33J  pulses  per 
second.  In  addition,  three  radio 
frequencies,  1760,  1850,  and  1960 
kc,  are  available  (1900  kc  was  also 
used  in  the  SS  system)  so  a wide 
choice  exists  in  the  selection  of 
pairs  of  stations.  Theoretically  14 
x 3 = 42  pairs  of  stations  can  be 
accommodated  in  any  one  interfer- 
ence area  (about  a 2000-mile 
radius)  and  the  whole  group  can  be 
duplicated  in  another  non-adjacent 
area.  In  this  manner  it  is  possible 
to  provide  widespread  coverage 
without  requiring  any  more  than 
300  kc  of  ether  space.  In  post-war 
applications,  only  1850  and  1950 
kc  will  be  used,  according  to  the 
Loran  band  proposed  for  interna- 
tional standardization  at  the  Rio 
de  Janeiro  conference  last  month. 
— D.G.F. 


FIG  j Basic  loran  oscilloscope  pattern. 

By  orienting  the  pulses  with  the  pedestals, 
and  measuring  the  time  between  pedes- 
tals. the  time  difference  Is  determined. 
Expanded  sweeps  are  required  to  obtain 
one-microsecond  accuracy 


ELECTRONICS  — November  1945 


Digitized  by  Lz.ooQle 


99 


Non-Metallic 


By  T.  E.  STEWART 

Applied  Electronic  Branch 
The  Engineer  Board 
Fort  Bclvoir,  Virginia 


Disturbances  to  ground  during  planting  of  plastic 
or  other  non-metallic  mines  change  the  dielectric 
constant  enough  to  actuate  detector  set  AN/PRS-1, 
also  highly  effective  for  metallic  mines.  Complete 
technical  details  and  suggested  peacetime  industrial 
applications  are  given 


Detector  set  in  operation.  Operator  is 
using  headphones,  as  required  in  loca- 
tions where  ambient  noise  level  is  high 
or  silence  requirements  prohibit  use  of  the 
loudspeaker-type  resonator 


During  1942,  German  forces  be- 
gan to  use  anti-tank  mines 
that  were  completely  non-metallic 
in  construction.  The  incidence  of 
these  mines  became  so  great  that 
an  urgent  requirement  was  estab- 
lished for  a detector  of  non-metal- 
lic mines.  This  problem  had  been 
anticipated  and  development  of  ap- 
propriate non-metallic  detecting 
equipment  had  been  under  way  as 
a phase  of  the  overall  mine  detec- 
tion problem. 

The  resultant  new  detector  set 
AN/PRS-1  reacts  to  both  non-me- 
tallic and  metallic  mines.  The  de- 
vice consists  primarily  of  a 300- 
megacycle  oscillator  and  its  asso- 
ciated antenna  system.  Buried  ob- 
jects, such  as  non-metallic  and 
metallic  anti-tank  mines,  are  indi- 
cated by  both  aural  and  visual 
means,  the  same  adjustment  of 
the  detector  being  used  to  detect 
either  or  both  types  of  mines.  Au- 
ral indications  of  mines  are  pro- 
vided by  a 1000-cycle  audio  reso- 
nator or  a standard  headset. 
Visual  indicating  means  are  pro- 
vided by  a 0 to  150-microampere 
meter  mounted  on  the  detector  ex- 
ploring rod.  The  detector  set  is 
carried  and  operated  by  one  man. 


The  detector  is  generally  capable 
of  indicating  the  presence  of  the 
standard  American  non-metallic  or 
metallic  anti-tank  mines  at  depths 
of  0 to  5 inches,  depending  upon 
the  conditions  of  the  soil  in  which 
the  mines  are  buried.  In  general, 
water-saturated  soils  limit  the 
depth  of  detection  to  fractions  of 
an  inch  for  both  types  of  mines, 
depending  on  the  depth  of  surface 
water.  Extremely  dry  soils  of  high 
resistivity  completely  mask  the 
presence  of  the  non-metallic  mines 
but  allow  detection  of  the  metallic 
mines  in  the  normal  manner.  Soils 
of  intermediate  characteristics  al- 
low normal  operation. 

Detector  set  AN/PRS-1  responds 
to  changes  in  the  average  dielec- 
tric characteristics  of  the  soil  over 
which  it  is  being  operated.  Because 
of  the  frequency  of  the  generated 
signal  (300  me)  non-uniformities 
in  the  ground  generally  must  be  at 
least  5 inches  long,  2 inches  wide, 
and  1 inch  deep  before  detector  re- 
sponse is  obtained.  Indications 
then  will  be  derived  from  objects 
such  as  boulders,  tree  roots,  and 
voids  (air  pockets) . The  visual  and 
aural  indications  obtained  from 
such  discontinuities  may  be  similar 


FIG.  1 — Main  component*  of  dntocior 
AN/PRS-1 

to  those  produced  by  a non-metal- 
lic or  metallic  mine,  depending 
upon  the  dimensions  of  the  non- 
uniformity and  the  depth  at  which 
it  occurs.  A trained  operator  can 
learn  to  recognize  the  characteris- 
tics of  the  signals  produced  by 
many  of  these  discontinuities  an 
treat  them  properly. 

The  main  components  of  deb- 
tor set  AN/PRS-1  are  illustrated 
in  Fig.  1. 
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Mine  DETECTOR 


8«t  dhombM  to  shew  construction.  A B-volt  fllamont  battory  and 
90-TOlt  B battery  supply  powsr  lor  ths  thro*  tubos.  Total  wsiqht  is  only  23  lb 


Moll  Components 

The  detector  head  assembly  in- 
cludes the  detector  head  with  an- 
i tenna  and  reflector,  and  the  meter 
I and  meter  housing.  These  units  are 
, attached  to  the  lower  section  of 
the  exploring  rod  and  are  adjust- 
y able.  The  antenna  and  reflector  are 

I*  removable,  and  a control  located  at 

I the  bottom  of  the  detector  head  fur- 
i nishes  a means  of  tuning  and  load- 
ing the  oscillator.  The  detector 
head  assembly  is  connected  to  the 
' amplifier  assembly  by  a cord 
equipped  with  a five-connector  male 
Plug. 

The  antenna  protective  horns  are 
constructed  of  a low-loss  thermo- 
plastic tubing.  These  horns  fit  over 
bosses  mounted  on  the  detector  head 
case  and  are  used  to  cover  the 
transmitting  antennas,  protecting 
them  from  high  weeds,  brush,  and 
| rain. 

: ; The  exploring  rod  extension  is 
an  aluminum  tube  designed  for 
attachment  to  the  detector  head 
*■'  assembly  rod  by  means  of  a ball- 
-•  detent  joint.  Two  extensions  are 

supplied  to  afford  an  optimum  ex- 
ploring range. 

s-  The  amplifier  assembly  consists 
,£f’  °*  the  audio  oscillator,  the  ampli- 

fier, and  two  short  cords.  One  cord, 
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which  terminates  in  a five-connec- 
tor female  plug,  is  used  to  connect 
the  amplifier  to  the  detector  head 
assembly.  The  other  cord  termi- 
nates in  a phone  jack  for  connec- 
tion to  the  headset  or  resonator. 
Located  on  the  bottom  of  the  am- 
plifier housing  are  the  volume  con- 
trol and  on-off  switch.  Two  base 
legs  are  provided  on  the  bottom  of 
the  amplifier  to  protect  the  con- 
trols. Space  for  the  batteries  is 
provided  within  the  amplifier  hous- 
ing. The  controls,  cords,  and  am- 
plifier housing  are  of  immersion- 
proof  construction. 

Eluctroulc  Circuits 

The  complete  circuit  is  given  in 
Fig.  2.  The  ultrahigh-frequency 
oscillator  mounted  in  the  detector 
head  is  of  the  resonant  line  type, 
operating  at  a frequency  of  approx- 
imately 300  me.  A 50-/i fif  capaci- 
tor, used  as  a resonant  line  shunt, 
is  made  externally  adjustable  by 
means  of  the  tuning  knob  at  the 
bottom  of  the  detector  head  as- 
sembly. An  antenna  coupling  loop 
is  mounted  in  the  detector  head 
case,  providing  coupling  from  the 
oscillator  to  the  antenna  system. 
The  coupling  loop  is  shunted  by  a 
resistor  chosen  to  maintain  the  an- 


tenna impedance  at  the  value  re- 
quired for  operation. 

The  radiating  dipoles  are  pro- 
vided with  tapped  bosses  to  fit  the 
studs  on  the  detector  head  case  at 
which  the  antenna  coupling  loop 
terminates.  Provision  is  made  on 
the  detector  head  assembly  to 
mount  a reflecting  dipole  to  in- 
crease the  signal  in  the  ground 
over  which  the  detector  is  being 
operated.  A 3,200-ohm  grid  resistor 
is  connected  in  series  with  the  de- 
tecting meter  to  ground.  The  varia- 
tions in  grid  current  registered  on 
the  detecting  meter  during  opera- 
tion are  used  as  the  visual  indicat- 
ing means.  The  variations  in  direct 
voltage  across  the  grid  resistor  dur- 
ing operation  are  applied  through 
a 15,000-ohm  resistor  to  the  grid  of 
the  output  tube  of  the  a-f  amplifier 
to  provide  variations  in  audible 
signal  output. 

The  amplifier  assembly  contains 
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FIG.  2 — Complete  schematic  circuit  diagram  of  detector  set  AN/PHS-1 


a two-tube  a-f  oscillator-  amplifier. 
The  oscillator  is  of  the  RC  type 
using  an  untapered  phase  shift  net- 
work. A redesign  of  this  amplifier- 
oscillator  combination  calls  for  a 
tapered  phase  shift  network  to  be 
used,  in  order  that  oscillation  diffi- 
culties with  low-gain  1N5GT 
tubes  be  reduced.  The  amplifier 
tube  filaments  are  connected  in 
series  with  24  and  33-ohm  resistors 
across  a 6-volt  filament  supply  to 
provide  bias  for  the  phase-shift  os- 
cillator and  reduce  the  number  of 
batteries  required  in  the  detector. 
A potentiometer  is  provided  in  the 
amplifier  to. adjust  the  audio  signal 
initially  to  the  desired  level. 

Theory  of  Operation 

In  Fig.  3A  the  oscillator  is 
shown  coupled  to  a dipole  antenna 
over  homogeneous  earth.  Radio- 
frequency current  flows  from  the 
oscillator  to  the  antenna  and  along 
the  antenna.  A portion  of  the  cur- 
rent flows  through  space  from  one 
side  of  the  antenna  to  the  other  as 
capacitance  current.  Another  por- 
tion of  the  current  flows  from  the 
right-hand  side  of  the  antenna  to 
the  earth  as  capacitance  current, 
through  the  earth  as  capacitance 
and  conduction  current,  and  from 
the  earth  to  the  left-hand  side  of 
the  antenna  as  capacitance  current. 

At  the  operating  frequency  of 
the  detector  (300  me)  the  current 
flow  through  the  earth  is  equiva- 
lent to  capacitive  current  flow 
through  a poor  dielectric.  If  the 
dielectric  constant  of  a discontinu- 
ity in  the  ground  is  less  than  that 
of  the  surrounding  medium,  as  in 
Fig.  3B,  an  increased  amount  of 


current  will  flow  through  the  sur- 
rounding medium,  causing  an  in- 
crease in  antenna  resistance  and  re- 
actance. If  the  dielectric  constant 
of  the  discontinuity  is  greater  than 
that  of  the  surrounding  medium 
the  inverse  effect  occurs. 

Over  normal  ground  the  resist- 
ance to  capacitive  flow  does  not 
change  appreciably  when  the  height 
of  the  antenna  above  ground  varies 
between  2 and  6 inches.  However, 
the  presence  of  a non-metallic  mine 
does  measurably  change  reactance 
in  this  region.  The  change  in  re- 
actance in  the  presence  of  a mine 
tends  to  be  negative.  If  the  oscil- 
lator is  tuned  to  a frequency  higher 
than  that  of  the  antenna,  the  pres- 
ence of  a non-metallic  mine  brings 
the  antenna  into  resonance  with 
the  oscillator,  thus  loading  the  os- 
cillator heavily  and  decreasing  the 
amount  of  grid  current  flow.  If  the 
oscillator  is  tuned  to  a frequency 
lower  than  that  of  the  antenna  this 
change  in  reactance  tends  further 
to  reduce  the  oscillator  loading, 
with  no  appreciable  resultant  effect 
on  the  oscillator  grid  current.  The 
presence  of  metallic  mines  buried 
at  operational  depths  in  normal 
ground  tends  to  decrease  antenna 
loading,  causing  a decrease  in  oscil- 
lator loading  and  a consequent  in- 
crease in  grid  current  flow.  In  the 
case  of  metallic  mines  this  increase 
in  grid  current  is  usually  by  a 
factor  of  2. 

Adjustment  Procedure 

The  parameters  of  the  high-fre- 
quency oscillator  and  antenna  load- 
ing loop  are  so  chosen  that  the  op- 
erating frequency  of  the  oscillator 


is  higher  than  the  resonant  fre- 
quency of  the  antenna.  The  coup- 
ling loop  is  shunted  by  a resistor 
(of  selected  high-frequency  charac- 
teristics) and  is  retained  in  a fixed 
position  with  respect  to  the  oscilla- 
tor lines.  The  oscillator  frequency 
is  adjusted,  by  means  of  the  reso- 
nant line  shunt  capacitor,  from  the 
high-frequency  side  of  resonance 
of  the  antenna  system  towards  res- 
onance. This  is  accomplished  by 
manipulation  of  the  tuning  knob  at 
the  bottom  of  the  detector  head 
assembly. 

Proper  adjustment  is  obtained 
when  approximately  80  microam- 
peres of  grid  current  flows  in  the 
oscillator  circuit  when  the  detector 
head  is  held  approximately  3 inches 
above  the  ground.  The  presence  of 
a non-metallic  mine  then  causes  the 
grid  current  to  drop  to  that  value 
established  by  the  contact  potential 
of  the  tube  ( usually  10  or  16  micro- 
amperes). The  presence  of  a metal- 
lic mine  unloads  the  oscillator,  caus- 
ing a substantial  rise  in  grid 
current  (usually  in  excess  of  150 
microamperes). 

The  decrease  in  grid  current 
causes  a drop  in  the  d-c  potential 
across  the  grid  resistor,  which  is 
coupled  to  the  amplifier  output  tube 
control  grid.  The  decrease  in  con- 
trol grid  voltage  on  the  a-f  output 
tube  in  the  amplifier  causes  an  in- 
crease in  the  audio  signal  output. 
The  inverse  effect  occurs  when  the 
oscillator  grid  current  increases. 
The  audible  signal  is  initially  ad- 
justed to  a satisfactory  level,  “e 
presence  of  a non-metallic  mine 
causing  the  signal  to  increase  in 
amplitude,  and  a metallic  mine 
causing  the  signal  to  cut  off. 
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During  the  development  of  this 
'detector  it  was  determined  that 
the  incremental  variations  obtained 
from  the  grid  current  flowing  in 
the  high-frequency  oscillator  tube 
were  more  usable  and  greater  than 
those  changes  occurring  in  the 
plate  circuit.  The  normal  grid  cur- 
rent drawn  by  the  type  955  tube 
oscillating  in  the  unloaded  condi- 
tion is  in  the  order  of  5 milliam- 
;peres,  at  300  me.  As  previously 
■indicated,  the  grid  current  flowing 
during  operation  is  in  the  order  of 
180  microamperes.  High  efficiency 
- must  be  obtained  from  the  oscilla- 
tor to  maintain  regeneration  under 
the  severe  loading  conditions  im- 
posed upon  it. 

Technical  Considerations 


The  characteristics  of  the  oscilla- 
tor tube  under  the  operating  condi- 
tion determine  to  a great  extent  the 
successful  operation  of  the  oscilla- 
. for  as  a mine  detector.  For  this 
’ treason,  a great  many  type  955  tubes 
‘ do  not  allow  operation  of  the  oscil- 
‘ lator  under  the  loading  conditions 
. required.  It  was  found  necessary 
to  select  the  tubes  used  in  the  high- 
frequency  circuit  during  produc- 
tion. The  choice  of  the  955  tube 
’ . for  use  in  the  detector  circuit  was 
. kased  upon  the  availability  of  this 
” type,  its  high-frequency  character- 
istics, and  its  measurable  grid  cur- 
rent under  the  operating  conditions 
required.  The  use  of  this  tube  re- 
qnired  that  a substantial  filament 
,*ad  plate  battery  supply  be  used  in 
' ithe  detector  in  order  that  a reason- 
i*ble  operating  time  be  obtained 
[between  battery  changes. 


i 

I Operation 


Detector  set  AN/PRS-1  is  ear- 
ned and  operated  by  one  man.  The 
total  weight  is  23  pounds,  the  am- 
plifier weighing  15  pounds  and  the 
goring  rod  assembly  8 pounds. 
™ operator  initially  mounts  the 
j *°  kPPed  dipoles  and  the  reflec- 
j r on  the  detector  head  assembly. 
I D>e  proper  cable  connections  are 
Ia<  e the  amplifier  and  headset 
or  resonator.  The  choice  of  resona- 
“r  or  headset  is  left  to  the  oper- 
or'  In  general,  the  resonator  is 
°re  comfortable  to  the  operator 
. an  ,^e  headset,  its  use  being  de- 
mined by  the  necessity  for  quiet 


operation  or  the  level  of  ambient 
noise. 

The  detector  is  turned  on  by 
means  of  the  switch  mounted  on 
the  amplifier.  Approximately  30 
seconds  is  required  for  the  955  tube 
to  reach  cathode  operating  temper- 
ature. With  the  detector  head  held 
well  above  the  ground,  the  tuning 
knob  at  the  bottom  of  the  detector 
head  assembly  is  turned  clockwise 
to  the  extent  of  its  travel  so  that 
the  oscillator  is  operating  at  its 
highest  frequency.  The  tuning 
knob  is  then  turned  counter-clock- 
wise until  the  detector  meter  reads 
approximately  one-half  full  scale 
(approximately  80  microamperes.). 
The  detector  head  is  then  presented 
to  the  ground  and  the  tuning  knob 
is  turned  counter-clockwise  until 


FIG.  3 — Mannar  in  which  buried  metallic 
or  non-metailic  mine  aiiecte  300-mc  r-i 
conduction  currents  through  earth.  These 
in  turn  react  an  capacitance  currents  that 
pass  through  space  and  change  the  grid 
current  oi  the  r-f  oscillator 


no  deflection  of  the  meter  occurs 
until  the  detector  head  is  within  8 
inches  of  the  ground.  The  knob  is 
adjusted  until  the  detector  meter 
reads  half-full  scale  at  a height  of 
approximately  3 inches  from  the 
ground.  The  detector  oscillator  is 
then  operating  under  the  condition 
necessary  for  the  detection  of  both 
non-metallic  and  metallic  mines. 

The  potentiometer  on  the  ampli- 
fier case  is  adjusted,  with  the  de- 
tector head  held  in  the  operating 
position,  until  a nominal  audio  sig- 
nal is  heard.  The  detector  operator 
then  moves  the  detector  head  from 
side  to  side,  advancing  approxi- 
mately 1 foot  per  sweep.  For  proper 


operation  the  height  of  the  detec- 
tor head  above  ground  is  main- 
tained between  two  and  five  inches. 
Over  normal  soils  and  with  mines 
buried  at  operational  depths,  metal- 
lic mines  increase  the  meter  read- 
ing and  decrease  the  audio  signal, 
and  non-metallic  mines  decrease  the 
meter  reading  and  increase  the 
audio  signal. 


Future  Use 

Detector  set  AN/PRS-1  or  mod- 
ifications of  this  detector  may  be 
used  to  detect  the  presence  of  non- 
metallic  masses  buried  at  shallow 
depths  in  the  ground.  Modifications 
could  be  used  to  detect  the  presence 
of  metallic  masses  of  finite  dimen- 
sions in  non-metallic  objects,  while 
discriminating  against  objects  of 
smaller  size. 

The  presence  of  voids  or  discon- 
tinuities in  plastic  objects  could  be 
determined  by  a modification  of 
this  detector.  When  the  device  is 
adjusted  off  resonance  it  is  capable 
of  detecting  the  presence  of  per- 
sonnel or  vehicles  in  motion  at 
ranges  up  to  100  feet.  Such  an  ap- 
plication might  be  valuable  in  plant 
protection  or  machine  safety  instal- 
lations where  space  limitations  or 
arrangement  preclude  the  use  of  a 
separate  source  and  receiver  com- 
bination, or  where  ambient  noise 
or  light  prevent  the  use  of  audio 
or  photoelectric  systems. 
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The  SCR-584  Radar 

---Parti--- 

The  most  versatile  of  the  ground-based  radars,  SCR-584  stopped  the  buzz  bombs  by  guid- 
ing antiaircraft  batteries  automatically  to  an  accuracy  of  0.06  degree.  Technical  features 
include  conical  scanning,  300-kyv  pulses  at  10-cm  wavelength,  and  range-timing  accuracy 

to  0.01  microsecond 


High  on  the  list  of  the  electronic 
achievements  of  the  war  is 
the  SCR-584  radar.  A microwave 
set  developed  primarily  for  accur- 
ate fire  control  of  90-mm  anti-air- 
craft batteries,  the  584  served  this 
basic  purpose  from  Anzio  to  the  end 
of  the  war.  It  also  served  as  an 
early-warning  radar  against  ap- 
proaching enemy  aircraft,  as  a 
ground  control  for  low-flying  fighter 
aircraft  in  the  advance  across 
France,  and  detected  the  motion  of 
enemy  transportation  along  roads 


and  the  flight  of  enemy  shells  and 
mortars  in  the  Italian  campaign. 
Technically,  also,  SCR-584  merits 
a high  place.  It  is  among  the  most 
powerful  of  the  portable  radars, 
and  is  outstanding  in  the  accuracy 
of  its  indications.  In  short,  this 
radar  is  one  of  the  most  highly-en- 
gineered electronic  devices  in  ex- 
istence. 

The  need  for  a radar  to  control 
the  fire  of  anti-aircraft  guns  was 
felt  before  the  war,  and  the  SCR- 
268  (Electronics,  September 
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FIG.  1— (A)— Conical  ncannlng  U obtained  by  rotating  an  oil  tot  boom  about  tbe 
axi«  of  the  rofloctor.  (B) — Ibo  oiioct  oi  conical  scanning  Is  to  create  a sinusoidal 
orror  signal  when  the  target  lies  off  the  axis  of  the  reflector 


1945,  page  100)  was  applied  to  this 
use  in  the  early  days.  But  greater 
accuracy,  obtainable  only  by  the 
use  of  shorter  wavelengths,  was  re- 
quired. The  military  needs  were 
presented  to  the  Radiation  Labora- 
tory at  M.I.T.  by  the  Coast  Artillery 
Corps  (then  the  parent  body  of  the 
Anti-aircraft  Command)  in  Janu-  ... 
ary,  1941.  By  April,  the  prototype 
■ equipment  had  been  erected  on  the 
roof  of  Building  6 at  M.I.T.  and  was 
successfully  tracking  aircraft  the 
following  month.  Since  the  need 
for  portability  was  evident,  the  • 
equipment  was  then  transferred  by 
the  Radiation  Lab  group  to  a truck 
known  as  XT-1,  and  demonstrated 
in  November  of  the  same  year- 
After  coordination  at  the  Signal- 
Corps  Laboratories,  the  XT-1  was. 
given  its  service  test  by  the  Coast, 
Artillery  at  Fort  Monroe  in  Febru- , 
ary  1942.  This  test  having  been 
passed  successfully,  manufacturers , 
were  called  in"  to  bid  on  production 

and  a year  later,  in  May  1943,  the 
first  production  model  of  SCR- 
was  delivered  to  Camp  Davis, 
first  active  service  was  at  the  Anzio 
beachhead  in  February  1944-  I® 
no  fewer  than  1,710  SCK  684  ra  ar 


-Among  the  personnel  at who 
Laboratory  and  in  mUitary  or^a5  E , f-tiar  of 

contributed  to  the  deBign  and  proau  s 

the  SCR-584  are : H B “ g.  D- 

Bowen,  B.  Chance,  L.  L.  A 

DooUttle,  I.  A.  Getting,  Sidney  E 

Grass,  it.  T.  Griggs.  G.  B.  “ijuaelioi'r- 
Ingalls.  Col.  J.  E.  McGraw  L. . > ■ L j 

C.  W.  Sherwin.  Lt.  Col.  J.  A-/“h"  ute  It- 
SuUivan.  A.  H.  Warner,  and  tne 
Col.  Paul  Watson. 
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Production  model  SCR-584  in  operation  at  68th  CA  (AA)  Bn 
(C  Battery)  in  the  Nettuno  Area.  Italy,  lor  antiaircraft  gunfire 
control,  camouflaged  againet  detection  and  sandbagged  for 


[he  original  model,  developed  and  built  In  the  Radiation 
Laboratory  in  1941  and  known  as  XT-1.  This  was  the  first 
radar  capable  of  following  a target  automatically  without 


protection 


were  delivered,  at  an  average  cost 
(including  spare  parts)  of  approxi- 
mately $100,000  each. 

Basic  Specifications 

The  specifications  of  the  SCR-584 
are  listed  in  the  accompanying 
table,  the  significance  of  the  data 
being  discussed  in  other  pages  of 
this  issue.  By  the  use  of  300-kw 
pulses  of  10-cm  radiation,  transmit- 
ted from  a 6-foot  paraboloidal  re- 
flector, the  SCR-584  is  designed  to 
track  (i.e.,  follow  continuously)  in- 
dividual aircraft  out  to  18  nautical 
miles,  and  detect  them  at  40  miles. 
Actually  it  can  track  aircraft  at  50 
miles  if  required.  While  tracking, 
the  target  position  is  indicated 
within  plus  or  minus  25  yards 
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in  range,  and  0.06  degrees  in 
azimuth  and  elevation.  The  range 
indication,  while  looking  at  a sta- 
tionary target,  may  be  reset  to  an 
accuracy  of  2 yards,  which  repre- 
sents a timing  accuracy  of  about 
0.01  microsecond.  The  key  to  this 
outstanding  performance  lies  in  the 
use  of  conical  scanning  for  angular 
determination  of  the  target  position 
and  a quartz-crystal  oscillator  for 
timing  the  echoes.  The  use  of  a 
short  pulse  (0.8  microsecond  long) 
and  an  expanded  cathode-ray  sweep 
permits  the  echo  pulses  to  be 
measured  precisely. 

Two  forms  of  scanning  (the  mo- 
tion of  the  radiated  beam  through 
space)  are  employed:  helical  scan- 
ning and  conical  scanning.  In  heli- 
cal scanning,  employed  for  search- 
ing for  aircraft  before  they  come 
within  range  of  the  guns,  the  para- 
boloid is  swung  in  a circle  at  a rate 
of  6 rpm.  Simultaneously  the  re- 
flector is  tilted  in  the  vertical  angle 
(elevation)  at  a rate  of  about  4 de- 
grees per  turn.  A point  on  the  beam 
thus  traces  out  a helical  path,  from 
about  10  degrees  below  the  hori- 
zontal to  the  zenith,  over  any  20 
sector.  Since  the  beam  itself  is  4 


degrees  wide  (7  degrees  when  the 
conical  scanning  is  in  operation)  all 
points  of  space  are  passed  over  by 
the  beam  during  each  full  helical 
scan.  If  an  aircraft  target  is  within 
range,  the  radar  will  surely  detect 
it. 


SPECIFICATIONS 

Wavelength 

. . 10-11  cm 

Frequency  

2,700-2,900  me 

Reflector  

6-toot  paraboloid 

Pulse  Power  

...  300  kw 

Pulse  width  

0.8  microsecond  1 

Pulse  rate 

....  1 ,707  pps  I 

Receiver  bandwidth 

....  1.7  me  I 

1 Receiver  noise  figure 15  db 

1 Beam  width  . . 4 degrees  (not  spinning) 

Beam  width 

7 degrees  (spinning) 

I Search  scan  

6 rpm  helical 

I Track  scan 

1,400  rpm  conical 

I Azimuth  range 

360  degrees 

1 Elevation  range  — 

- 10  to  +89  degrees  1 

Maximum  range,  search  40  miles  1 

Maximum  range,  track 

I Minimum  range 

500-1,000  yards  1 

Range  accuracy  . . 

± 2 yd  (dynamic)  1 

I Range  accuracy  . 

± 2 yd  (static)  1 

| Angular  accuracy  ' 

± | mil  = 0.06  degree  1 
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Overall  view  of  the  SCB-584.  The  paraboloid  can  be  lowered  into  the  trailer 
during  transportation 


Once  the  target  is  detected  and  is 
within  range  of  the  guns  the  radar 
function  is  shifted  from  search  to 
track.  In  tracking,  the  axis  of  the 
antenna  points  automatically  and 
continuously  at  the  target,  while  the 
radar  transmits  range  and  angular 
data  to  the  associated  gunfire  com- 
puter. This  automatic  function  is 
accomplished  by  the  use  of  conical 
scanning,  illustrated  in  Fig.  1A. 
The  radiation  is  off-set  electrically 
from  the  focus  of  the  reflector  and 
the  dipole  radiator  is  rotated  about 
the  focus  by  an  auxiliary  motor  at  a 
rate  of  1400  rpm.  The  offset  causes 
the  axis  of  the  radiated  beam  to  de- 
part from  the  axis  of  the  paraboloid 
by  about  1.25  degrees,  and  as  it 
rotates,  the  beam  traces  out  a cone 
as  shown. 

When  the  target  lies  on  the  axis 
of  this  cone  (at  point  A in  Fig.  IB) 
the  signal  intercepted  has  a con- 
stant value  throughout  the  rota- 
tion. Consequently  the  reflected 
pulses  are  of  constant  amplitude, 
except  for  changes  due  to  fading, 
polarization  effects,  etc.  But  if  the 
target  is  off  this  axis,  say  at  point 
B,  the  signal  intercepted  is  a maxi- 


“““"""""I  reflected  signal  is  approximately 
sinusoidal,  with  a frequency  equal 
to  the  rotation  rate.  Finally, 
if  the  target  is  at  position  C,  the 
same  sinusoidal  variation  occurs, 
but  is  shifted  90°  in  phase  relative 
to  that  of  position  B.  When  the  tar- 
get has  some  intermediate  position 
between  B and  C,  the  phase  angle 
ay  has  a corresponding  intermediate 

F value. 

The  reflected  pulses  are  thus 
modulated  in  amplitude.  The  ampli- 
tude of  the  modulation  increases  as 
the  target  departs  from  the  axis  of 
9 the  cone,  and  the  phase  angle  indi- 
cates the  direction  of  the  departure. 
By  translation  of  these  quantities 
i ^ into  appropriate  motor  controls  the 

'J,  — antenna  is  directed  so  as  to  keep 

V;  the  target  centered  on  (he  axis  of 

the  cone.  So  sensitive  is  this  con- 
A#  I | trol  that  a departure  from  the  cone 

Kv'yJ  axis  of  a few  hundredths  of  a de- 

K|i  corrected.  Moreover,  the  hunting 

of  the  radiator  while  following  the 
target  position  is  restricted  to  a 
— probable  error  of  one  mil,  or  0.06 

degree. 

iboloid  can  be  lowered  into  the  trailer 
isportation 

General  Operating  Principles 

mum  at  position  3,  a minimum  at  The  components  of  the  SCR-584 
position  1 and  has  intermediate  are  shown  in  the  block  diagram  in 

values  at  positions  2 and  4.  The  Fig.  2.  The  operation  starts  in  the 

variation  in  the  intercepted  and  timing  unit,  which  contains  a crys- 

Looking  forward  in  the  trailer,  the  22-kilovolt  rectifier  is  at  the  left,  and  the 
modulator  (including  magnetron  transmitter)  at  the  right.  These  two  units  develop 
pulses  of  300-kw  peak  power  at  a rate  of  1707  per  second 


*1  tal  oscillator  and  four  frequency- 
dividing  multivibrator  stages  which 
4 produce  the  basic  pulse  rate  of  1,707 
J pulses  per  second.  Several  wave- 
si  forms  are  generated  in  the  timing 
st  unit  to  initiate  the  transmitter 
4 pulses  and  to  synchronize  the  re- 
ceiving and  indicating  systems  with 
them.  Narrow  trigger  pulses  are 
■|  fed  to  the  transmitting  system 
which  comprises  a driver,  modu- 
4 lator,  and  r-f  generator  (cavity 
a magnetron).  R-f  pulses  of  0.8  usee 
®l  width,  3,000-mc  frequency,  and  300 
d kw  peak  power  are  generated  every 
II  586  microseconds  in  the  transmit- 
d ting  system  and  applied  through  the 
d co-axial  transmission  line  to  the 

I antenna.  On  their  way  to  the  ra- 
diator, the  pulses  pass  an  enclosed 
low-pressure  spark  gap  known  as 
the  transmit-receive  switch  (T/R 
M box).  This  gap  breaks  down  during 
III  each  pulse  and  short-circuits  the 
d transmission  line  to  the  receiver, 
M thus  preventing  the  transmitter 
pulses  from  burning  out  the  crystal 
1 1 mixer  of  the  receiver. 

The  pulses  continue  to  the  radi- 
ator, passing  concentrically  through 
the  shaft  of  the  spinner  motor 
|h  which  rotates  the  antenna  to  pro- 
duce the  conical  scan.  After  reflec- 
tion from  the  target  the  pulses  are 
‘ received  by  the  same  antenna  and 
return  along  the  same  transmission 
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i inac-  during  the  transmission  of  the 
Terent  pulse,  as  additional  protection 
n line,  against  overload, 
iceived  The  video  output  of  the  receiver 
nsmit-  is  fed  to  three  units.  The  first  is 
i as  by  the  antenna  positioning  system 
trans-  which  compares  the  error  signal 
rnal  to  (the  amplitude  modulation  envelope 
verted  of  the  received  pulses)  in  phase  and 
an  in-  amplitude  with  reference  voltages 
ic,  am-  derived  from  a reference  generator 
1 again  mounted  on  the  spinner  shaft.  This 
Pulses  comparison  develops  two  control 
betim-  voltages,  one  proportional  to  the 
nplifier  azimuth  component  of  the  error 


aie  the  type  I indicators  used  in  measuring  the  distance  to  the  target. 
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signal,  the  other  proportional  to  the 
elevation  component  These  control 
voltages  operate  an  amplidyne  con- 
trol system  which  orients  the  an- 
tenna so  that  the  error  signal  is  a 
minimum.  Manual  positioning  is 
also  possible  through  the  use  of  an 
artificial  error  signal,  produced 
within  the  equipment  and  controlled 
by  knobs  set  by  the  operator  to  the 
desired  values  of  azimuth  and  ele- 
vation. 

Another  output  from  the  receiver 
is  fed  to  the  range  indicating  sys- 
tem. This  system  contains  two 
S-inch  oscilloscopes  used  as  type  J 
indicators.  The  sweep  pattern  is 
circular.  The  echo  signal  is  dis- 
played as  a radial  pulse  on  the  trace. 
One  scope  covers  a range  of  2000 
yards  for  fine  indication  of  the 
range,  and  the  other  covers  32,000 
yards  for  coarse  indication.  The 
circular  sweep  is  provided  by  sweep 
voltages  derived  from  the  timing 
unit. 

The  range  indicating  system  is 
used  primarily  as  an  adjunct  to  au- 
tomatic operation.  The  operator  ad- 
justs the  tracking  handwheel  so  as 
to  keep  the  echo  pulse  on  the  cali- 
bration hairline.  The  range  unit 
includes  a mechanical  aided-track- 
ing  device  which  maintains  a given 
rate  of  change  of  range  to  keep  up 
with  the  target,  while  the  operator 
feeds  in  occasional  corrections  to 
the  rate.  A mechanical  connection 


from  the  range  handwheel  to  the 
data  transmission  system  intro- 
duces the  range  coordinate,  and  sim- 
ilar connections  from  the  antenna 
introduce  the  azimuth  and  eleva- 
tion coordinates.  The  data  trans- 
mission system  computes  the  height 
of  the  target,  and  passes  all  the  in- 
formation to  the  gun  computer. 

The  remaining  component  shown 
is  the  plan  position  indicator  (PPI) 
system.  This  is  an  indicator  used 
primarily  during  the  search  phase 
of  the  radar  operation.  The  cath- 
ode-ray beam  in  the  PPI  is  de- 
flected radially,  starting  from  the 
center  of  the  screen  at  the  instant 
the  transmitted  pulse  leaves  the 
radar  and  continuing  outward  at  a 
constant  rate.  The  sweep  rotates 
synchronously  with  the  antenna  as 
it  scans  in  azimuth.  When  an  echo 
is  received  from  a target,  the  c-r 
beam  is  brightened  and  a spot  ap- 
pears on  the  trace  representing 
the  target.  The  distance  of  the  spot 
from  the  center  of  the  tube  indi- 
cates the  slant  range  of  the  target 
and  the  direction  of  the  trace  indi- 
cates the  azimuth  angle  to  the  tar- 
get. The  PPI  thus  presents  a map 
of  the  area  surrounding  the  radar, 
with  all  targets  within  range  shown 
in  their  relative  positions,  in  plan 
view.  The  deflection  currents  are 
generated  within  the  PPI  system, 
and  are  synchronized  by  trigger 
pulses  from  the  timer  unit. 


The  TramatiHlag  System 


The  transmitting  system  block 
diagram  is  shown  in  Pig.  3,  and 
simplified  schematics  of  the  driver 
and  modulator  are  shown  in  Fig. 
4 and  5.  The  driver  unit  is  con- 
trolled by  a short,  sharp  trigger 
pulse  of  15  volts  amplitude  derived 
from  the  timer  unit  (as  indicated 
later  in  this  series  of  articles). 
These  pulses  drive  a one-shot 
(biased)  multivibrator  (6SN7GT 
tube)  which  generates  a negative 
rectangular  pulse  of  two  micro- 
seconds duration.  This  is  fed  to  a 
6L6G  inverter  stage  which  reverses 
the  polarity  and  applies  the  pulse, 
in  positive  polarity,  to  the  first 
driver  stage  (type  3E29). 

The  first  driver  is  coupled  by  a 
pulse  transformer  (capable  of  pass- 
ing short  pulses)  which  reverses 
the  polarity,  feeding  positive  pulses 
to  the  second  driver  stage.  The 
negative  pulse  appearing  in  the 
output  of  the  second  driver  stage 
(two  type  3E29)  is  fed  back  to  the 
grid  of  the  first  driver  through  a 
low-pass  filter  network  which  serves 
as  an  artificial  transmission  line. 
The  constants  of  this  line  are  so 
chosen  that  the  pulse  requires  ex- 
actly 0.8  microsecond  to  pass 
through  the  line.  Consequently  0.8 
microsecond  after  the  pulse  is  ap- 
plied in  positive  polarity  to  the  first 
driver,  a large  negative  pulse  is  fed 
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back  to  it,  thus  cutting  off  the  first 
driver  and  forming  the  trailing 
edge  of  the  pulse.  The  resulting 
pulse  appears  across  the  output 
pulse  transformer,  with  an  ampli- 
tude of  8,500  volts,  positive  against 
ground. 

The  output  of  the  driver  is  fed 
to  the  grids  of  the  modulator  or 
keyer  tubes,  two  type  6C21  tubes  in 
parallel,  shown  in  Fig.  5.  The  grids 
are  biased  to  —1400  volts  and  thus 
remain  cut  off  between  pulses. 

When  the  driver  pulse  appears,  it 
drives  the  grids  of  the  modulator 
tubes  into  the  positive  region,  and 
the  modulator  tubes  pass  a current 
of  about  20  amperes,  discharging 
the  modulator  capacitor  (previously 
charged  to  22  kilovolts)  through  the 
magnetron.  This  sudden  passage 
of  current  excites  the  magnetron 
into  oscillation  at  the  desired  fre- 
quency (in  the  band  from  2,700  to 
2,900  me). 

At  the  conclusion  of  the  driver 
pulse,  the  modulator  tubes  suddenly 
become  nonconducting  and  the  dis- 
charge through  the  magnetron  is 
stopped.  There  is  a tendency  for 
the  circuit  to  continue  to  oscillate, 
due  to  resonance  between  the  stray 
capacitance  of  the  magnetron  and 
wiring  with  the  inductance  which 
completes  the  capacitor  charging 
circuit  to  ground.  To  damp  this 
resonant  circuit,  three  diodes  (type 
8020)  are  provided  which  conduct 
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FIG.  S — (A) — Simplified  schematic  oi  the  modulator  and  r-f  generator.  <B) — 
Equivalent  circuit  between  pulses,  while  modulator  capacitor  is  charging. 
(C) — Equivalent  circuit  during  discharge  through  magnetron 


the  positive  halves  of  the  oscilla- 
tions and  thus  rapidly  absorb  the 
stored  energy. 

Figure  5 shows  the  two  equiva- 
lent circuits  of  the  modulator.  At 
the  lower  left  is  the  condition  be- 
tween pulses,  with  the  modulator 
tubes  cut  off,  and  the  modulator  ca- 
pacitor charging  from  the  power 
supply  at  a slow  rate  through  the 
inductance.  At  the  lower  right  is 
the  condition  during  each  pulse,  in 


which  the  capacitor  is  discharged 
through  the  magnetron.  The  in- 
ductance, which  cannot  pass  a sud- 
den change  in  current,  prevents  the 
power  supply  from  being  short-cir- 
cuited during  the  pulse,  while  al- 
lowing the  capacitor  to  be  charged 
at  a slow  rate  between  pulses. 

The  r-f  transmission  system,  ra- 
diator, spinner  mechanisms,  and  re- 
ceiver will  be  described  in  the  sec- 
ond article  of  this  series. — D.G.F. 
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Proximity  Fuze 


Transmitter-receiver  in  nose  develops  a ripple  signal  which  is  used  to  explode  projectile 
as  it  approaches  target.  Compact,  midget  construction  makes  possible  assembly  of  elec- 
tronic circuit  and  power  supply  in  rockets,  bombs  and  shells 


The  electronically  operated 
fuze  to  be  described  causes,  a 
projectile  to  burst  in  the  vicinity 
of  its  target  and  therefore  is  called 
a proximity  or  influence  fuze.  Under 
the  conditions  for  which  it  was  de- 
signed, a near  miss  is  as  effective 
as  a direct  hit. 

The  fuze,  designated  as  a VT 
fuze,  includes  a high-frequency  os- 
cillator that  excites  an  antenna. 
Depending  on  the  strategic  appli- 
cation of  the  projectile,  the  antenna 
is  either  the  projectile  itself  and 
a small  insulated  metal  cap,  or  a 
short,  balanced  dipole  mounted  on 
the  nose.  If  radiation  from  this 
antenna  is  reflected  back  to  it  by  a 
target,  the  apparent  impedance  of 
the  antenna  is  changed.  This 
change  in  oscillator  loading  is  de- 
tected and  fed  into  an  electric  con- 

( Right)  Navy  VT  fan  for  an  AA  shell  in- 
cludes a Lucite-lnsulated  nose  assembly, 
the  electronic  control  circuit,  a special 
electrolytic  battery,  and  a triple  safety 
assembly  which  arms  the  fuse  alter  it 
has  passed  beyond  the  Influence  range 
of  the  gun  and  detonates  the  shell  when 
It  returns  to  the  ground  if  the  fuze  is  a dud 

(Below)  Radio-influence  fuse  for  a bomb 
Includes  dipole  antenna  and  wind-driven 
generator 


trol  circuit  which  ignites  an  elec- 
trical detonator  to  initiate  the  ex- 
plosion. 

Operation 

The  antenna  impedance  as  seen 
by  the  electronic  fuze  during  flight 
varies  in  space  as  illustrated  in  Fig. 
1.  (The  frequency  at  which  this 
impedance  varies,  and  hence  the 
frequency  that  must  be  detected 
and  used,  depends  upon  the  relative 
velocity  between  projectile  and  tar- 
get. ) The  change  in  antenna  im- 
pedance up  to  the  optimum  point 
for  detonation  of  the  projectile  is 
a small  fraction  of  the  total  im- 
pedance. Thus  a circuit  is  required 
that  is  sensitive  to  loading,  yet 
stable  in  operation. 

If  antenna  impedance  in  free 
space  is  Z0,  and  the  apparent  im- 
pedance in  the  presence  of  reflected 
waves  is  Z,  and  if  the  projectile  is 
approaching  the  target  along  a 
path  as  shown  in  Fig.  1,  the  rela- 


tive velocity  of  projectile  to  target 
is  V = Vo  sin  6 where  V , is  the 
velocity  of  the  projectile  in  a co- 
ordinate system  for  which  the  tar- 
get is  at  rest,  then 

//4r  Vo  sin©  , ,1 
Z = Z,  + At  V X + *) 

where  A and  <j>  are  functions  of  the 
reflectivity  of  the  target  and  radia- 
tion pattern  of  the  fuze  antenna. 

Initial  accelerations  of  antiair- 
craft projectiles,  20,000  g,  and 
centrifugal  forces  produced  by  rota- 
tion at  475  rpm,  necessitated  devel- 
opment of  rugged  tubes  and  circuit 
components.  The  initial  accelera- 
tion and  acquired  centrifugal  force 
are  used  to  break  a vial  of  electro- 
lyte and  diffuse  it  throughout  the 
specially  developed  battery  used  for 
power  in  fuzes  for  this  class  of 
missile.  By  this  method  the  fuzes 
are  held  inactive  until  the  instant 
of  gun  firing,  and  deterioration  of 
batteries  is  prevented. 

Bombs  and  rockets  are  launched 
at  high  altitudes  after  being  car- 
ried aloft  and  cooling  to  as  low  as 
— 60  C,  thus  batteries  are  unreli- 
able for  power  in  this  type  of  mis- 
sile. Miniature,  high-speed,  wind- 
driven  generators  were  developed. 
The  use  of  these  generators  also 
simplified  safety  measures  because, 
unless  the  missiles  are  in  motion, 
there  is  no  power. 

Vibrations  from  the  missile  and 
generator  required  tubes  that  were 
free  from  microphonics. 

Strategic  Uses 

Success  of  airplanes  against  sur- 
face ships  in  the  early  stages  of 
the  war  indicated  a need  for  more 
effective  weapons.  Radar  provides 
advance  warning  and  gun  direction 
against  aircraft,  but  the  necessity 
of  accurately  measuring  target 
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Typical  tubei  uud  to  VT  toss*  are  similar 
to  hearing-old  tubes.  Type*  include  Mode, 
pentode  and  thyiatron 

range  and  setting  time  fuzes  lim- 
ited effectiveness  of  Are.  A fuze 
was  needed  that  would  increase  ef- 
fectiveness of  attack  on  airborne 
targets  by  shells  from  ship  or 
ground  AA  or  by  rockets  from 
fighter  aircraft,  and  on  ground  tar- 
gets by  howitzer  shells  or  bombs. 

When  a VT-fuzed  projectile  is 
used  against  an  airplane,  the  fuze 
detonates  the  shell  when  its  frag- 
mentation will  embrace  the  target 
as  shown  in  Fig.  2,  even  if  its  path 
would  not  result  in  a direct  hit  as 
is  necessary  for  contact-fuze  de- 
tonated missiles,  or  if  range  has 
been  inaccurately  determined  in 
the  case  of  time  fuzes. 

When  a VT-fuzed  bomb,  artillery 


attack  to  disrupt  enemy  gun  oper- 
ation through  bombing  and  later 
during  defense  to  shoot  down  en- 
emy aircraft  by  VT-fuzed  AA. 

Dsvslopmsst 

The  National  Defense  Research 
Committee  centered  research  on  in- 
fluence fuzes  for  the  Army  and 
Navy  at  Carnegie  Institution  of 
Washington  in  mid  1940.  The  proj- 
ect was  soon  divided  into  two  parts. 

Development  of  fuzes  for  non- 
rotating projectiles  such  as  rockets, 
bombs,  and  mortars  was  conducted 
through  the  Bureau  of  Standards 
under  NDRC  and  Army  Ordnance; 
fuzes  for  rotating  projectiles  in- 
cluding field  artillery  and  antiair- 
craft projectiles  were  developed 
through  Carnegie  Institution  and 
Johns  Hopkins  University,  this 
portion  of  the  project  being  trans- 
ferred to  the  OSRD  and  later  to 
the  Navy  Bureau  of  Ordnance. 

Special  tubes  and  components 
were  developed  in  cooperation  with 
numerous  manufacturers.  One- 
third  of  the  electronic  industry  in 
the  United  States  was  involved. 
Manufacturing  capacity  for  tubes, 
capacitors,  and  resistors  was  tre- 
mendously increased.  Cost  of  the 
project  approached  a billion  dol- 
lars; over  20  million  expendable 
fuzes  were  produced,  and  upward 
of  100-,000  individuals  were  directly 
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used  at  first  in  areas  where  duds 
could  not  land  in  enemy  territory. 

In  this  way  the  maximum  element 
of  surprise  was  obtained.  Its  de- 
velopment rates  as  one  of  the  best 
kept  of  war  secrets,  and  is  a monu- 
ment to  scientific  and  engineering 
skill,  industrial  productivity,  and 
official  coordination. 

British  scientists  were  working 
on  influence  fuzes  for  rockets  and 
bombs  in  1939.  Later,  their  efforts 
were  combined  with  ours.  German 
scientists,  although  they  had  be- 
gun research  on  proximity  fuzes  in 
the  early  1930’s,  did  not  develop 
usable  models  because  of  lack  of 
coordination  and  duplicity  of  effort. 

Material  and  assistance  for  the 
preparation  of  this  article  were 
generously  supplied  by  H.  Dia- 
mond, Dr.  R.  D.  Huntoon,  Dr.  C. 
Brunetti,  Dr.  J.  A.  Hynek,  and 
Mrs.  D.  Schulte.  Col.  C.  H.  M. 
Roberts  read  the  first  draft  and 
made  valuable  suggestions  as  to  the 
proper  nomenclature. — f.b. 

FIG.  1 — (Mt)  Intorferancs  pattern  »»lab- 
Ushad  at  moving  pro)*cttl*  antenna  by 
Doppler  ettect  varie*  a*  target  to  ap- 
proached. resulting  to  fluctuation  to  an- 
tenna impedance  a*  shown  by  dotted 
curve 

FIG.  2 — (below)  (A)  Although  this  rocket 
will  not  directly  hit  the  airplane,  its  radia- 
tion field,  shown  in  white,  does.  (B)  The 
shell  is  detonated  within  damaging  dis- 
tance  of  the  target 


or  mortar  shell  is  used  against  par- 
tially shielded  personnel  and  light 
equipment,  its  effectiveness  is 
greatly  increased  through  its  abil- 
ity to  shower  high  velocity  frag- 
ments into  the  fox  hole  or  revet- 
ment. 

Against  Jap  kamikaze  bombers, 
Nazi  buzz  bombs,  and  in  the  Battle 
of  the  Bulge,  the  proximity  fuze 
was  highly  praised  by  tactical  per- 
sonnel. In  such  Pacific  Island  op- 
erations as  Iwo  Jima  and  Okinawa 
the  fuze  was  used  by  us  during 


involved  in  development  and  pro- 
duction. 

As  a new  weapon  the  VT  fuze 
combined  increased  destructiveness 
and  surprise.  On  the  home  front 
the  project  was  shrouded  in  se- 
crecy the  industries  working  in 
cooperation  with  war  agencies  not 
even  receiving  well  - merited  L 
awards  so  that  talk  about  the  fuze 
would  be  held  to  a minimum.  Armed 
guards  accompanied  all  fuze  ship- 
ments. 

In  battle  the  proximity  fuze  was 


Digitize 


ELECTRONICS  — November  1945 


Ground-Controlled 


Radar  Officer 

Headquarters,  Army  Airways 
Communications  System 


personnel  of  the  Array  Airways 
Communications  System  for  the 
U.  S.  Army  Air  Forces,  GCA  made 
regular  flight  schedules  possible 
around  the  clock  when  our  airfields 
were  completely  closed  in  by  fog. 
At  I wo  Jima  alone,  in  the  final 
phases  of  the  war  against  the  Jap- 
anese, it  saved  scores  of  superforts 
and  nightfighters  returning  from 
missions  at  a time  when  Maple  air- 
field on  I wo  Jima  was  invisible  at  a 
distance  of  one  hundred  feet. 


GCA  equipment  ready  for 


ONE  of  the  last  radar  develop- 
ments of  the  war  may  turn  out 
to  be  the  most  important  for  peace- 
time aviation.  Aircraft  arrivals  and 
departures  may  soon  be  scheduled 
to  and  from  airports  without  regard 
to  the  weather,  an  accomplishment 
made  possible  by  an  Army-Navy 
electronic  device  that  has  been 
used  since  early  this  year  to  land 
aircraft  during  weather  conditions 
nearing  zero  ceiling  and  visibility. 
The  radar  system  which  makes 
closed-in  airports  a thing  of  the 
past  is  known  as  Ground  Controlled 
Approach  (GCA),  and  is  the  result 
of  four  years  of  experimentation 
and  testing. 


Two  Radars  Are  Used 


GCA  is  a completely  self-con- 
emonstrated  the  po-  tained  mobile  radio  set  having  two 
GCA,  the  Mark  I ground  radar  systems  together 
quite  what  the  Ra-  with  the  necessary  communications 
ratory  scientists  facilities.  One  of  the  radar  sys- 
succeeding  model,  terns,  known  as  the  search  system, 
Jded  many  refine-  operates  on  a shf  band  and  is  de- 
however,  outmoded  signed  to  aid  in  or  control  the  hom- 
on  was  thoroughly  ing,  holding,  stacking  and  traffic 
the  result  was  the  pattern  operations  of  aircraft  out 
he  Mark  III  model  to  approximately  30  miles. 

in  use  today.  The  second  system,  a precision 

or  the  development  system,  operates  on  a higher  shf 
device  of  this  type  band  and  controls  the  aircraft  dur- 
pearing.  Rushed  to  ing  its  actual  let-down  along  a pre- 
nd  Pacific  theaters  determined  glide  path.  The  unique 
it  quickly  demon-  characteristic  of  this  type  of  radar- 
es  could  be  brought  controlled  approach  is  that  no  spe- 
zero-zero  weather  cial  equipment  is  required  in  the 
mtly.  Operated  by  aircraft  other  than  ordinary  air- 
ground  communications  equipment. 


Early  Hiltary  of  GCA 

A group  of  scientists  assembled 
by  the  National  Defense  Research 
Council  at  the  Radiation  Labora- 
tories, Cambridge,  Massachusetts, 
conceived  the  idea  of  using  radar 
for  blind  landings  of  aircraft  in 
1941  and  the  process  of  develop- 
ment was  begun.  The  first  model, 
known  as  Mark  I,  was  finished  in 
1943,  after  being  assembled  from 
existing  airborne  radar  sets  then 
available.  The  unit  was  flight  tested 


Search  Radar  Characteristics 
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The  search  radar  system  provides 
the  GCA  operators  with  informa- 
tion on  the  azimuth  bearing  and 
range  of  aircraft  from  the  airfield 
at  distances  up  to  30  miles  and  at 
altitudes  up  to  4,000  feet.  To  ac- 
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Approach  for  Aircraft 

In  GCA,  two  microwave  radar  systems  at  an  airfield  reveal  the  exact  position  of  an  in- 
coming aircraft  with  respect  to  the  landing  glide  path,  permitting  the  ground  operator 
to  radio  precise  flight  instructions  to  a pilot  coming  in  through  zero-zero  fog.  Possibili- 
ties for  around-the-clock  traffic  control  and  landing  at  commercial  airfields  are  promising 


complish  this  purpose,  the  search  antenna  array  to  focus  the  beam,  microsecond  duration  and  occur  at 

antenna  used  with  the  search  radar  Since  the  speed  of  antenna  rota-  the  rate  of  2,000  per  second,  so  that 

system  is  designed  with  a number  tion  is  very  slow  in  comparison  to  there  are  500  microseconds  between 

of  horizontal  dipoles  in  a vertical  the  time  that  it  takes  a pulse  of  en-  pulses.  This  is  sufficient  time  for  a 

linear  array.  Such  an  arrangement  ergy  to  travel  from  the  antenna  to  pulse  to  travel  out  80  miles  and 

gives  coverage  as  in  Fig.  1A.  an  object  (186,000  miles  per  sec-  back;  specifically,  the  pulse  con- 

The  search  antenna  system  ex-  ond)  and  be  reflected,  the  energy  sumes  322  microseconds  of  the  500 

amines  the  space  around  the  GCA  gets  back  before  the  antenna  has  microseconds  made  available, 

set  by  an  actual  rotation  of  the  moved  appreciably.  The  transmit- 

antenna  and  its  reflector,  the  rota-  ting  antenna  can  thus  be  used  also  Magnetron  Generate!  SHF  Power 

tion  of  the  visually  displayed  indi-  as  a receiving  antenna  simply  by 

cator  sweep  being  synchronized  connecting  the  antenna  as  a radi-  The  transmitter  is  built  around 

with  the  antenna.  The  antenna  ator  for  the  period  of  pulse  radia-  the  cavity  magnetron  oscillator 

beam  is  approximately  six  degrees  tion,  then  switching  the  antenna  to  tube.  This  tube  provides  enough 

wide  in  azimuth.  (Its  relation  to  the  receiver  input  and  leaving  it  power  output,  at  the  frequencies 

the  plan-position  indicator  from  thus  connected  until  the  energy  required,  so  that  sufficient  energy 

which  the  operator  obtains  his  dis-  pulse  has  had  sufficient  time  to  is  available  for  indications  at  the 

play  of  information  is  shown  in  travel  out  30  miles  (161  microsec-  receiver  after  the  pulse  of  energy 

Fig.  IB  and  1C.)  The  narrow  beam  onds)  and  back  (another  161  micro-  has  traveled  30  miles,  has  been  par- 

width  needed  is  obtained  by  plac-  seconds).  The  cycle  is  then  re-  tially  reflected  from  an  object,  and 

ing  a parabolic  reflector  behind  the  peated.  Energy  pulses  are  of  0.5  the  reflection  returned  to  the  re- 

Injide  the  trailer,  these  men  watch  the  PPI  search  pattern  All  position  indications  go  to  one  man.  who  brings  an  aircrait  in  to  a 
and  the  expanded  precision  indicator  patterns  on  cathode-  safe  landing  through  fog  by  voice  instructions  alone.  Experience  has 

ray  tube  screens,  and  adjust  control  knobs  that  transfer  shown  that  pilots  respond  even  faster  to  voice  instructions  from  the 

position  indications  to  the  radio  operator  ground  than  to  instruments  they  might  be  watching 


ceiver.  This  performance  may  not 
appear  remarkable  until  one  real- 
izes that  radiated  energy  decreases 
inversely  as  the  distance  squared, 
which  means  that  at  80  miles  there 
is  only  l/900th  of  the  power  avail- 
able at  one  mile.  Also,  objects  vary 
in  reflection  qualities,  and  no  ob- 
ject reflects  back  more  than  min- 
ute portions  of  the  total  energy  re- 
ceived. This  small  amount  of 
energy  is  then  subject  to  the  same 
decrease  in  strength  on  its  return 
path  as  on  its  radiation. 

The  requirements  for  pulse 
power  output  and  receiver  sensitiv- 
ity are  far  beyond  any  provided  in 
commercial  designs  of  radio  re- 
ceivers and  transmitters  made  to 
date.  The  magnetron,  however, 
provides  r-f  oscillations  modulated 
by  a pulse  of  approximately  10  to 
15  kilovolts  and  0.5  microsecond  in 
duration,  and  by  beaming  this  en- 
ergy to  the  6 degrees  mentioned 
previously,  enough  energy  is  re- 
flected from  an  object  to  provide 
the  concentration  desired. 

Rlan-Posttloa  Indicator 

By  means  of  a transmit-receive 
switch  the  antenna  is  alternately 
connected  to  the  receiver  and  trans- 
mitter at  a switching  rate  of  2,000 
times  per  second.  The  echo  pulses 
received  by  the  antenna  are  fed 
through  amplifying  stages  and  dis- 
played on  the  plan-position  indi- 
cator. This  is  a high-persistence 
cathode-ray  tube  that  displays  at 
its  center  the  transmitted  pulse, 
and  has  an  illuminated  line  from 
the  center  of  the  tube  to  its  outer 
edge  to  display  the  azimuth  of 
search  while  the  receiver  is 
switched  into  the  antenna  circuit. 
The  line  rotates  with  the  tube  cen- 
ter as  its  hub,  but  it  is  actually  a 
stream  of  electrons  which  starts  at 
the  tube  center,  runs  out  to  the 
edge,  and  then  returns  to  repeat 
the  same  procedure  at  the  rate  of 
2,000  times  a second.  This  fact, 
plus  the  persistence  of  the  tube 
face,  make  the  radial  line  appear 
continuous.  Echoes  show  as  bright- 
ened blobs  of  light. 

The  heart  of  the  complete 
search  system  is  the  synchro- 
nizer which  furnishes  the  modu- 
lator, transmitter,  receiver,  and 
indicators  with  starting  and  stop- 
ping signals. 
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Traffic  Caatral 

Operators  of  the  search  system 
merely  watch  for  targets  on  the  in- 
dicator and,  by  using  the  air- 
ground  communications  equip- 
ment provided,  vector  the  aircraft 
to  the  range  and  bearing  desired. 
This  type  of  information  is  neces- 
sary for  efficient  control  of  air- 
craft approaching  a field  for  a 
landing  under  instrument  condi- 
tions. 

By  means  of  the  GCA  search 
system,  aircraft  can  be  held  at  a 
given  point  and  stacked  in  altitude 
prior  to  landing.  It  serves  to  line 
up  the  aircraft  in  azimuth  with  the 
precision  radar  system  where  the 
actual  let-down  of  the  aircraft  is 
begun. 


Precltloo  Radar  System 

The  precision  radar  system  is 
designed  to  provide  operators  with 
accurate  information  on  azimuth 
headings,  altitude,  and  range  up 
to  10  miles.  For  the  more  precise 
close-in  work  a two-mile  indica- 
tion is  also  provided.  The  area  of 
coverage  by  the  precision  anten- 
nas is  20  degrees  wide  in  azimuth 
(15  degrees  to  the  left  of  a line 
from  the  set  parallel  to  the  run- 
way and  5 degrees  to  the  right) 
and  7 degrees  high  in  elevation 
(6  degrees  above  the  ground  level 
and  1 degree  below).  The  cover- 
age areas  are  shown  in  Fig.  ID 
and  IE. 


Antciias  for  Precision  Scanning 

Two  separate  antenna  systems 
are  used  in  precision  scanning. 
One,  the  elevation  antenna,  sweeps 
an  area  3 degrees  wide  in  azimuth 
and  7 degrees  in  elevation;  the 
other,  the  azimuth  antenna, 
sweeps  an  area  1.5  degrees  in  ele- 
vation and  20  degrees  wide  in 
azimuth.  Actual  beam  dimensions 
for  the  azimuth  antenna  are  1.5 
degrees  in  height  and  0.6  degree 
in  width.  The  sweeping  of  the  20- 
degree  azimuth  area  is  accom- 
plished electrically  by  proper  time 
phasing  of  the  energy  feeding  the 
dipoles  in  the  horizontal  array. 
The  beam  dimensions  for  the  ele- 
vation antenna  are  3 degrees  in 
width  and  0.4  degree  in  height. 


The  sweeping  ot  the  7-degree  ele- 
vation area  is  also  accomplished 
electrically,  by  proper  phasing  of 
the  energy  feeding  the  dipoles  in 
the  vertical  array. 

The  cross-hatched  rectangular 
area  shown  in  Fig.  ID  is  the  ares 
covered  by  both  antennas  as.their 
beams  are  swept  in  elevation  and 
azimuth.  The  proper  time  phasing 
of  the  energy  feeding  the  dipoles 
for  both  the  horizontal  and  verti- 
cal array  is  made  possible  by 
squeezing  and  expanding  the 
waveguide  transmission  line  which 
feeds  the  antennas.  Both  antennas 
are  equipped  with  reflectors  that 
focus  the  radiation  of  pulse  en- 
ergy. 
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Aatonna  Switching  Sagmc* 


As  in  the  search  system,  the 
precision  transmitting  antennas 
are  also  used  for  receiving  the  re- 
flected energy.  The  elevation  and 
azimuth  antennas  alternately  are  ~ 
switched  from  receive  to  transmit,  . 

the  switching  rate  being  high  in  . 
comparison  to  the  squeezing  of 
the  waveguide  which  carries  the 
beam  through  the  sweep  sector. 
Thus,  the  cycle  can  be  explained 
as  follows: 

(1)  Elevation  antenna  energized. 

The  waveguide  is  squeezed  by 
means  of  a cam  which  lifts  the  ele- 
vation beam  from  minus  1 degree 
to  plus  6 degrees.  At  this  point, 
the  elevation  antenna  becomes  de- 
energized through  the  action  of  an 
r-f  switch  and  the  cam  leaves  the  j 
elevation  beam  in  its  raised  posi-  i 
tion.  I 

(2)  Azimuth  antenna  energized. 
The  waveguide  feeding  this  an- 
tenna is  also  squeezed  by  a cam  ar- 
rangement, which  sweeps  the  azi- 
muth beam  from  plus  16  degrees 
(left)  to  minus  5 degrees  (right). 
The  azimuth  antenna  then  is  de- 
energized and  the  cam  leaves  the 
azimuth  antenna  in  its  extreme 
right  position. 

(3)  Elevation  antenna  deener- 
gized. The  elevation  wave  guide  is 
expanded  to  lower  the  elevation 
beam  to  minus  1 degree,  where  the 
antenna  is  deenergized  and  left  un- 
til the  next  cycle. 

(4)  Azimuth  antenna  deener- 
gized. The  azimuth  wave  guide  is 
expanded  to  reverse  the  sweep  o 
the  beam  (minus  5 degrees  to  plus 
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15  degrees),  where  the  antenna  is 
deenergized  and  left  until  the  next 
cycle. 

Skiftiiig  of  Precision  leans 

By  using  the  above  process,  the 
system  requires  only  one  mag- 
netron tube,  which  is  pulsed  at  a 
j much  higher  rate  than  it  takes  to 
complete  a half  of  the  above  cycle, 
s To  achieve  accurate  resolution  of 
signals  this  magnetron  oscillates 
in  the  shf  band.  Together  with  the. 
beam  width  obtained,  it  provides 
an  accuracy  of  approximately  five 
feet  within  one  mile  range.  In  this 
manner,  the  area  of  the  elevation 
beam  (3  degrees  wide  and  7 de- 
grees high)  and  the  azimuth  beam 
(1.5  degrees  high  and  20  degrees 
wide)  is  receiving  a high  concen- 
tration of  radar  pulses.  The  eleva- 
tion beam  can  be  shifted  in  azi- 
muth to  locate  aircraft  and  the 
azimuth  beam  moved  in  elevation 
to  locate  any  aircraft  within  the 
area  7 degrees  high  by  20  degrees 
wide.  This  shifting  is  done  me- 
chanically by  servo-mechanisms 
connecting  the  antennas  and  the 
indicators  so  that  the  operators 
•'  may  direct  the  beam  sweeps  to  the 
Proper  point  of  contact. 


Indicator  Display! 

Since  the  major  components  of 
the  search  and  precision  system  are 
identical  in  function,  the  only  ma- 
jor difference  to  be  explained  is  the 
method  of  display  of  information  on 
the  cathode-ray  tubes-  Both  azi- 
muth and  elevation  information  is 
provided  on  the  indicators,  together 
with  ranges. 

A main  feature  of  this  develop- 
ment is  the  expanded  partial-indi- 
cation display  used.  Each  tube  has 
the  sweep  center  not  in  the  middle 
but  on  the  outer  extremity  of  the 
tube  face,  with  the  sector  (20  de- 
grees wide  on  the  azimuth  tube 
and  7 degrees  high  on  the  eleva- 
tion tube)  expanded  across  the 
tube.  The  sweep  applied  to  the  in- 
dicators is  synchronized  with  the 
sweeping  of  the  precision  antennas. 
Upon  completion  of  the  sweep  cycle 
of  the  antennas  the  proper  indi- 
cator sweep  line  is  blanked  out  elec- 
trically until  the  cycle  is  reversed 
and  starts  again.  The  coverage 
area  provided  on  the  indicators  is 
illustrated  in  Fig.  IF. 

By  means  of  tracking  cursors  fol- 
lowing the  aircraft  blip,  electrical 
meters  record  the  azimuth  error 
in  degrees  and  the  elevation  devia- 


tion in  feet  with  respect  to  the  cor- 
rect approach  line  and  angle.  This 
information  is  then  relayed  over 
the  communication  system  to  the 
pilot  and  the  proper  corrections 
made  in  heading  and  rate  of  de- 
scent. 

Sammary 

The  search  and  precision  radar 
systems,  the  air-ground  communi- 
cations facilities,  and  the  selective 
intercommunications  system  be- 
tween operators  enable  the  GCA 
controller  to  give  positive,  accurate 
data  on  an  aircraft’s  range  and 
bearing  from  the  airfield.  In  addi- 
tion, the  pilot  is  given  altitude, 
range,  and  bearing  information  in 
the  last  ten  miles  of  the  approach 
which  enables  him  to  bring  the  air- 
craft to  a point  where  a visual  land- 
ing can  be  made. 

The  Army  and  Navy  in  less  than 
one  year  of  operation  of  this  elec- 
tronic system  have  saved  many 
planes  that  would  otherwise  have 
been  ditched.  GCA  will  no  doubt 
be  improved  by  further  research 
and  development  It  promises  to 
eliminate  that  ultimate  danger  to 
flying,  inability  to  land  at  the  air- 
port of  destination. 
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Radar 

Specifications 


The  significance  of  new  technical  terms  and  constants,  used  to  specify  the  performance 
of  a radar,  is  outlined  and  illustrated  by  an  extensive  tabulation  of  Signal  Corps  equip-  I 
ment  employing  carrier  frequencies  from  110  to  10,000  me  j ’ 


NOW  THAT  TECHNICAL  DETAILS 
of  radar  equipment  are  being 
released,  engineers  not  previously 
familiar  with  the  art  find  them- 
selves confronted  with  a bewilder- 
ing array  of  new  terms  and  con- 
stants, knowledge  of  which  is 
essential  in  estimating  and  compar- 
ing the  virtues  of  different  equip- 
ments. It  is  the  purpose  of  this 
survey  to  explain  these  new  tech- 
nical specifications. 

Basically,  radar  specifications  re- 
late to  the  performance  of  the  gear, 
that  is,  the  maximum  distance  at 
which  a given  target  may  be  de- 
tected, and  the  accuracy  and  con- 
tinuity with  which  its  position  may 
be  specified.  The  maximum  dis- 
tance is  determined  primarily  by 
the  pulse  specifications  and  receiver 
sensitivity.  The  accuracy  of  posi- 
tion is  determined  by  the  angular 
width  of  the  radiated  beam  and  the 
precision  of  timing  of  the  radar 
echo.  The  continuity  of  following 
the  target  depends  on  the  number 
of  contacts  per  minute  between  ra- 
diated beam  and  target  Each  of 
these  relationships  is  discussed  in 
the  following  paragraphs. 

Palu  Specification! 

Among  the  constants  which  de- 
termine the  maximum  distance  at 
which  a radar  can  detect  a target 
are  the  pulse  specifications,  that  is, 
the  carrier  frequency,  peak  power, 
and  duration  (width)  of  the  trans- 
mitted pulses.  These  quantities  are 
contained  in  the  radar  equation, 
which  specifies  the  maximum  range 
of  detection  . in  terms  of  equip- 
ment constants.  This  equation  has 
already  been  derived  in  these 
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pages',  to  which  the  reader  is  re- 
ferred for  a detailed  statement  of 
underlying  principles.  The  form  of 
the  equation  pertinent  to  this  dis- 
cussion is 

r“=4VsTO5“e,CT8  <» 

Here  r„„  is  the  maximum  distance, 
in  free  space,  at  which  a target  of 
area  p square  meters  can  be  seen. 
The  pulse  specifications  are  the 
peak  power  P,  in  watts,  the  pulse 
width  d in  seconds,  and  the  oper- 
ating wavelength  X in  meters.  The 
other  factors  of  interest  are  the 
area  A in  square  meters  of  the  re- 
flector which  forms  the  radiated 
beam,  and  the  noise  figure  of  the 
receiver  n,  expressed  as  a ratio 
relative  to  the  minimum  theoretical 
noise,  kt\f,  where  \f  is  the  band- 
width of  the  receiver  in  cps.  The 
constants  kT  are  equal,  at  room 
temperature,  to  4 x 10-“  watts  per 
cycle  of  bandwidth.  Using  Eq.  1 it 
is  possible  to  predict  the  range  per- 
formance of  a radar  if  the  pulse 
specifications,  as  well  as  the  reflec- 
tor area  and  receiver  noise  figure, 
are  known.  The  maximum  range 
depends,  of  course,  on  the  area  of 
the  target  p.  For  a medium  bomber 
this  figure  is  approximately  50 
square  meters. 

Two  other  aspects  of  the  pulse 
are  of  interest.  First,  the  pulse 
width  represents  the  time  during 
which  the  receiver  cannot  receive 
echoes  because  it  is  blocked  by  the 
transmitter.  Consequently  echoes 
from  nearby  targets,  arriving 
while  the  transmitted  pulse  is  still 
leaving  the  radiator,  cannot  be  per- 
ceived. The  pulse  width  thus  sets 


a lower  limit  to  the  minimum  range 
of  detection.  Other  factors,  partic- 
ularly recovery  of  the  receiver  cir- 
cuits, may  prolong  the  inactive  time 
beyond  this  lower  limit. 

At  the  other  end  of  the  scale,  : 
the  pulse  rate  determines  the  maxi- 
mum detection  range.  This  follows  ’ 
since  the  interval  between  pulses, 
during  which  echoes  may  be  per- 
ceived, is  the  inverse  of  the  pulse  ' 
rate.  Thus  the  lower  the  pulse  :;l 
rate,  the  longer  the  interval  and 
the  greater  the  distance  at  which 
targets  may  be  perceived,  within 
the  limits  of  the  transmitter  power 
and  receiver  sensitivity.  If  a high 
pulse  rate  is  used,  distant  targets 
may  still  be  perceived,  but  the 
echoes  may  arrive  not  in  the  first 
interval  between  pulses  but  in  some 
later  interval.  In  this  event  an  j'J 
ambiguity  exists,  since  one  cannot  j i 
be  certain  whether  the  echo  inter-  I ' 
val  is  that  shown  on  the  indicator, 
or  longer  by  some  multiple  of  the 
pulse  interval.  In  general,  radars  ; 
intended  for  long-distance  detec-  ! ■' 
tion  employ  low  pulse  rates. 

Radiator  S pacification 

The  precision  of  detecting  the 
position  of  the  target  in  azimuth 
(horizontal  angle)  and  elevation 
(vertical  angle)  rests  fundamen- 
tally on  the  size  of  the  radiated 
beam.  The  larger  the  reflector  and 
the  shorter  the  wavelength,  the  nar- 
rower the  beam  and  the  higher  the 
angular  precision.  The  angular 
width  of  the  beam  is 

b = 1 * radians  (® 

•fiXfrr 

where  A is  the  area  of  the  reflector 
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in  square  meters  and  X is  trie  oper- 
ating wavelength  in  meters. 

It  is  evident  that  the  beam  width 
is  intimately  tied  up  with  the  fac- 
tors A and  X which  have  previously 
appeared  in  the  equation  for  maxi- 
mum range.  This  is  true  because 
as  the  beam  becomes  smaller,  the 
energy  density  in  the  beam  in- 
creases for  a given  transmitter 
power,  and  henee  the  range  in- 
creases. This  effect  is  often  stated 
in  terms  of  the  radiator  gain,  that 
is,  the  ratio  of  the  energy  density 
actually  present  along  the  axis  of 
the  beam  to  the  energy  density 
which  would  be  produced  by  the 
same  power  feeding  an  isotropic 
(broadcast)  radiator.  The  equa- 
tion for  gain  is 

0,-  — “^  (3) 

where  A,  X and  b are  as  previously 
defined. 

In  most  cases  it  is  possible  to 
determine  the  angle  to  the  target 
to  a small  fraction  (say  i to  1/10) 
of  the  beam  width.  When  conical 
scanning  (described  in  the  article 
on  the  SCR-684,  beginning  on  page 
104  of  this  issue) , the  angular  ac- 
curacy can  be  refined  to  a few 
hundredths  of  the  beam  width. 

The  accuracy  of  timing  the  radar 
echoes,  which  determines  the  pre- 
cision of  the  range  coordinate,  de- 
pends on  many  factors  in  the  timer 
and  indicator  design,  so  it  is  gen- 
erally stated  as  an  overall  per- 
formance figure.  Outstanding  in 
this  respect  is  the  performance  of 
the  SCR-545  and  SCR-684,  both  of 
which  can  determine  range  accu- 
rately to  plus  or  minus  15  yards. 
This  is  equivalent  to  a timing  ac- 
curacy of  the  order  of  0.06  micro- 
second. This  high  performance  is 
required  in  a radar  intended  to 
control  gun-fire,  since  it  permits 
the  fuze  of  the  shell  to  be  set  to 
cause  it  to  explode  at  the  target. 
In  early  warning  radars,  and  those 
used  to  control  searchlights,  such 


precision  is  not  required.  Thus  the 
SCR-270  early  warning  radar  has 
an  accuracy  of  8000  yards,  and  the 
AN/TPL-1  searchlight  set  an  ac- 
curacy of  200  yards. 

Scaaaiag  Specification* 

Continuity  in  following  the  tar- 
get depends  on  the  scanning  con- 
stants of  the  radar,  that  is,  the 
rates  at  which  the  radiated  beam  is 
moved  in  space  in  searching  for 
and  following  the  target.  Two  as- 
pects of  scanning  are  of  interest: 
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the  number  of  pulses  radiated  while 
the  beam  moves  over  the  target, 
and  the  number  of  contacts  per 
minute  between  beam  and  target. 

The  first  aspect  is  simply  an- 
alyzed. Consider  a beam  of  angular 
width  b radians,  scanning  at  an 
angular  rate  of  t beam  widths  per 
second.  Then  the  beam  moves 
through  an  angle  equal  to  its  own 
width  in  b/r  seconds.  In  that  time 
at  least  one,  and  preferably  five  or 
more  pulses,  must  be  radiated.  If 
less  than  one  pulse  is  radiated  in 
that  time,  a point  in  space  may  be 
moved  over  without  a pulse  hitting 
it,  and  a target  at  that  point  will 
remain  undetected.  If  five  or  more 
pulses  are  radiated  in  that  time, 
several  pulses  will  hit  the  target 
and  the  effect  of  the  echo,  inte- 
grated on  the  cathode-ray  screen, 
will  be  sufficient  to  cause  full  screen 
brilliance.  It  follows  that  the 
pulses  must  be  radiated  at.  a rate 
of  Br/b  per  second,  or  at  a higher 
rate,  if  each  point  in  the  scanned 
space  is  to  receive  sufficient  pulses 
to  cause  a clearly  discernible  echo. 


MORI  TO  COME 
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In  equation  form 

fr  Z 5 r/b  (4) 

It  is  evident  that  the  higher  the 
rate  of  scanning  and  the  narrower 
the  beam  width,  the  higher  must 
be  the  pulse  rate.  As  a numerical 
example,  consider  the  wide-beam 
slow-scanning  SCR-270  early  warn- 
ing radar,  which  has  a beam  width 
of  28  degrees  in  azimuth  and  scans 
in  azimuth  at  1 rpm  or  360/60  = 

6 degrees  per  second.  The  28-de- 
gree beam  thus  moves  through  its 
own  width  in  about  five  seconds. 
The  pulse  rate  is  621  per  second, 
so  in  five  seconds  some  3100  pulses 
are  radiated,  and  each  point  in  the 
scanned  space  receives  this  large 
number  of  pulses. 

In  contrast,  consider  the  AN/ 
MPG-1,  a narrow  beam,  rapid-scan- 
ning set.  This  radar  scans  in  azi- 
muth at  a rate  of  160°  per  second 
with  a beam  width  in  azimuth  of 
0.6  degrees.  The  scanning  thus 
occurs  at  a rate  of  about  0.004  sec- 
onds per  beam  width.  The  pulse 
rate  while  tracking  is  4098  per 
second,  so  0.004  X 4098  = 16  pulses 
are  radiated  while  the  beam  passes 
through  its  own  width.  This  num- 
ber is  in  excess  of  the  minimum 
value  (five  pulses)  previously 
stated.  When  the  lower  pulse  rate 
(used  for  searching)  of  1024  pulses 
per  second  is  used,  only  four  pulses 
are  radiated  and  this  is  somewhat 
below  at  the  lower  limit. 

The  other  aspect  of  scanning  is 
frequent  contact  between  beam  and 
target  When  a target  is  detected 
and  attention  can  be  restricted  to 
it  alone,  it  is  possible  to  suspend 
the  search  and  concentrate  on  the 
particular  target  in  question.  But 
in  early  warning  activities  it  is 
necessary  to  maintain  a watch  on 
several  targets  simultaneously,  and 
to  anticipate  the  appearance  of  new 
targets  at  all  times.  In  such  cases 
search  cannot  be  suspended,  and 
continuity  of  following  the  target 
then  depends  on  frequently  recur- 
ring contacts  with  the  target  The 
SCR-270  scans  the  horizon  at  one 
rpm,  and  the  target  information  is 
thus  renewed  once  every  minute. 
The  persistence  of  the  cathode-ray 
screen  is  employed  to  store  the 
information  over  the  one-minute 
interval  so  the  motion  of  the  target 
can  be  followed  from  one  scan  to 
the  next.  But  if  the  target  is  close, 
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or  moving  fast,  it  cannot  be  fol- 
lowed from  one  scan  to  the  next  if 
a minute  of  time  intervenes.  For 
following  nearby  fast-moving  tar- 
gets, the  beam  must  rotate  at  a 
faster  rate.  The  SCR-584  used  for 
antiaircraft  fire,  scans  the  horizon 
at  six  rpm,  making  contact  with  the 
target  six  times  as  often  as  the 
SCR-270.  The  AN/MPG-1  scans  a 
10-degree  sector  in  0.0625  second, 
giving  substantially  continuous  cov- 
erage . 

When  it  is  necessary  to  use  a 
narrow  beam  (for  precision)  and 
to  search  in  elevation  as  well  as  in 
azimuth  for  targets,  the  simple  cir- 
cular scan  just  described  must  be 
expanded  into  a helical  scan.  In 
helical  scanning  the  beam  rotates 


horizontally,  as  previously  de- 
scribed, but  superimposed  on  the 
horizontal  motion  is  a vertical  tilt 
at  a slow  rate,  which  causes  a point 
on  the  radar  beam  to  describe  a 
helix.  The  angular  distance  between 
the  turns  of  the  helix  is  less  than 
the  beam  width,  so  that  all  points 
in  space  are  covered  during  the 
scan.  The  same  requirement  gov- 
erns the  pulse  rate  as  in  circular 
scanning,  namely  at  least  five  pulses 
must  be  radiated  while  the  beam 
rotates  through  its  own  width. 
When  helical  scanning  is  employed, 
the  contacts  with  the  target  are  cut 
down  by  approximately  the  number 
of  turns  in  the  helix,  relative  to 
those  made  in  circular  scanning  at 
the  same  azimuth  rate.  If  continu- 
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Indicator  Types 

The  tabulation  lists  the  types  of  . 
indicators  used.  Type  A refers  to  -j 
a presentation  very  similar  to  that 
of  a test  oscilloscope,  in  which  the 
c-r  spot  moves  horizontally  at  con-  a 
stant  speed,  measuring  the  echo  Jj 
interval,  and  is  deflected  vertically  '] 
by  the  transmitted  pulse  and  the 


ous  contact  with  the  target  is  re- 
quired under  those  conditions,  the 
azimuth  scanning  rate  must  be  in- 
creased, to  cover  many  turns  of  the 
helix  in  a brief  time.  The  limit  in 
the  azimuth  rafe  is  generally  set  by 
the  strength  of  the  scanning  mount, 
which  may  jam  or  shatter  due  to 
unbalance  stresses  if  rotated  at  too 
high  a speed. 


TECHNICAL  SPECIFICATIONS  OF  REPRESENTATIVES 


Type  Number 

SCR-268 

SCR-516 

SCR-270 

AN/TPS-3 

SCR-545 

Primary  Function 

Searchlight 
and  gun  control 
(mobile) 

Early  warning  Early  warning 
against  air-  against  air- 
craft (mobile)  craft  (mobile) 

Light  weight 
for  search  and 
tracking  (mobile) 

Search  (s)  and  track  (t) 
for  AA  fire-control 
(mobile) 

Siza,  Weight 

T,wo  trailers; 
28,850  lb 

Same  as 
SCR-268 

3 trucks  and 
trailer; 
81,400  lb 

Air-transportable; 
1340  lb 

2 trucks  and  trailer, 
71,460  1b 

Carrier  Frequency 
(me) 

I9S-215 

205 

110 

600 

205  (s) 
3000  0) 

Wavelength  (X)  (cm) 

140-154 

146 

270 

50 

146  (s) 
10  (t) 

Peak  Power  (Pi) 
(kw) 

50-75 

100 

100-300 

200 

200  (s) 
350  0) 

Pulse  Width  (d) 
(microseconds) 

5-9 

5-8 

10-30 

1.5 

1 

Pulse  Rate  (1,) 

(PPS) 

4098 

1366 

621 

200 

480 

Radiator  Type/  Size, 
Gain  (Go) 

Three  mattresses; 
100 

Same  as 
SCR-268 

4x9  mattress; 
140 

10-ft  paraboloid; 
220 

4x4  mattress  (s)  60; 
57-in.  parab.  (t)  1300 

Types  of  Scan 

Manual  track  in 
azimuth  and  elev. 

Manual 

search 

Circular 

search 

Circular 

search 

Helical  search, 
conical  track 

Beam  Width  (b) 

(degrees) 

12  az., 
9 el. 

12  az., 
9 el. 

28  az., 
10  el. 

12.5  az., 

11.5  el. 

25  (s), 
5 (t) 

Horizontal  Scanning 
Rate  (rpm) 

Manual 

Manual 

1 

6 

5 

Receiver  Noise  (n) 
(db  above  fctAf) 

14 

14 

12 

1 1 

7 (s), 
22  (t) 

Receiver  Bandwidth 

(Af)  (me) 

1.5 

1.5 

1.5 

1.8 

1.25  (s), 
S (t) 

Indicators 

3 type-A 

3 type-A 

1 type-A 

1 type-A, 
1 type-PPI 

3 type-A 

Maximum  Range 
(rmax)  on  Bombers  at 
10,000  Feet  (miles) 

23 

68 

80-120 

100 

34  (s), 
16  0) 

Minimum  Range 
(yd) 

3000 

3000 

10,000 

10,000 

1100  (s), 
500  0) 

Range  Accuracy 
(yd) 

200 

500 

8000 

4000 

150(f). 

IS  (t)  

Angular  Accuracy 
(degrees) 

1.1 

3 

4 

2 

6 (s), 
0.17  0) 
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echo.  The  time  between  the  two  is 
a measure  of  the  range.  Type  J is 
similar,  except  that  the  trace  is 
circular,  about  the  periphery  of  the 
I tube,  rather  than  linear.  Type  PPI 
has  been  described  elsewhere  in  this 
and  previous  issues;  it  produces  a 
map-like  indication  by  radial  de- 
jection from  the  center  of  the  tube, 
the  deflection  keeping  step  with  the 
azimuth  rotation  of  the  radiated 
beam.  Type  B presents  range  in- 
formation vertically  and  azimuth 
information  horizontally,  in  rect- 
angular coordinates,  and  is  thus  a 
distorted  portion  Of  a PPI  picture. 
Tube  sizes  vary  from  3-inch  (SCR- 
584  J-scopes)  to  12-inch  (SCR- 
270  PPI).  Most  A-scopes  are  five- 
inch  tubes  and  PPI’s  are  typically 


about  seven  inches  in  diameter. 

The  sets  described  here  cover  the 
gamut  of  radio  frequency  from  110 
me  to  10,000  me  (270  centimeters  to 
3 centimeters  wavelength) . The 
peak  power  employed  varies  from 
50  to  350  kw.  These  are  typical 
figures,  although  higher  powers 
have  been  used  in  early-warning 
sets  employed  by  the  Air  Forces 
and  the  Navy.  In  general,  the  beam 
widths,  pulse  rates  and  scanning 
rates  will  be  found  consistent  with 
the  requirements  previously  stated. 
Moreover,  the  maximum  ranges 
quoted  are  generally  consistent 
with  the  radar  equation,  when  the 
indicated  constants  are  substituted. 
One  major  difference  should  be 
stated,  however.  Some  of  the  maxi- 


mum ranges  given  are  those  which 
occur  when  the  radar  beam  is  partly 
reflected  from  the  surface  (sea  or 
ground)  and  partly  transmitted 
directly  to  the  target.  Constructive 
interference  of  the  two  waves  may, 
in  ideal  circumstances,  double  the 
maximum  range  predicted  by  the 
radar  equation.  Destructive  inter- 
ference, under  the  same  circum- 
stances, may  similarly  reduce  the 
maximum  range  to  zero  miles. 
Hence  a wide  variety  of  possible 
maximum  ranges  exists,  depending 
on  the  conditions  of  measurement. 
The  radar  equation  gives  an  index 
to  average  performance. — D.G.F. 

Reference 

(1)  Fink,  D.  G„  The  Radar  Equation, 
Electronics,  p 92,  Apr.  1945. 
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SCR-547 

SCR-582/682 

SCR-584/784 

AN/TPL-1 

AN/MPG-1 

Typo  Number 

Range  finder  for 
AA  fire-control 
(mobile) 

Coastal  search 
far  ships  and 
planes  (fixed) 

Search  (s)  and  auto- 
matic track  (t)  for 
AA  firo-control 
(mobile) 

Light  weight 
searchlight 
control  (mobila) 

Sea  coast  firo-control 
against  marina 
targets  (mobile) 

Primary  Function 

2 trucki  and 
trailer;  49,487  lb 

3359  lb  (582); 
13,640  lb  (682) 

Trailar,  20,000  lb 
(584);  12,000  lb 
(784) 

Trailer; 
4205  lb 

Trailer; 
28,000  lb 

Size,  Weight 

2720-2890 

2800 

2700-2900 

2700-2900 

10,000 

Carrier  Frequency 

(me) 

10 

10.7 

10-11 

10-11 

3 

Wavelength  (X)  (cm) 

80 

30  (582) 
225  (682) 

300 

200 

60 

Peak  Power  (Pi) 
(kw) 

0.5 

1 

0.8 

1 

1 (s) 
0.25  (t) 

Pulse  Width  (d) 
(microseconds) 

4098 

500  (582) 
420  (682) 

1707 

400 

1024  (s) 
4098  (t) 

Pulse  Rate  ( fr ) 
(PPS) 

2 57-inch 
parab.;  5000 

4-ft  paraboloid; 
800-900 

6-ft  paraboloid; 
offset  dipole;  1200 

4-ft  paraboloid; 
860 

Schwarzchild  rapid- 
scanner;  12,000 

Radiator  Type,  Size, 
Gain  (Go) 

Range  only, 
optical  tracking 

Circular 

search 

Helical  search, 
conical  track 

Helical  search, 
conical  track 

Circular  search;  also 
10°  sector;  track 

Types  of  Scan 

3.8 

6 

4 (7  when  spinning) 

10 

0.6  az., 
3 el. 

Beam  Width  (b) 
(degrees) 

Manual 

10-20 

6 

7.25 

160°/sec 

Horizontal  Scanning 
Rate  (rpm) 

— 

18  (582), 
14  (682) 

IS 

18.5 

17 

Receiver  Noise  (n) 
(db  above  ktAf) 

6 

1.5  (582), 
2 (682) 

1.7 

1.8 

10 

Receiver  Bandwidth 

(Af)  (me) 

1 type-A 

1 type-A, 
1 type-PPI 

2 type-J, 

1 type-PPI 

3 type-A, 
1 type-PPI 

2 type-B, 

1 type-PPI 

Indicators 

12 

45  (582), 
140  (682) 

34  (s), 
18  (t) 

34 

28  (battleship) 

Maximum  Range 
(rmax)  on  Bombers  at 
1 0,000  Feet  (miles) 

300 

1000  (582), 
500  (682) 

500 

500 

— 

Minimum  Range 
(yd) 

25 

2 per  cent 

15 

200 

Range  Accuracy 
(yd) 

7 

1 (s), 
0.06  (t) 

1 (s), 
0.5  (t) 

Angular  Accuracy 
(degrees) 

« 
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Tha  r-f  ganaiator  at  tha  right  snppUaa  hast  energy  lor  bonding  plywood  In  tha 
praaa,  o typical  application  of  dlaloctric-haating  agnipmant 


By  DOUGLAS  VENABLE 

Industrial  Electronics  Division 
Westinohouse  Electric  Corp. 
Baltimore , Md. 


Dielectric  heating  is  today 
opening  many  new  fields  in 
industry,  and  speeding  up  many  old 
processes.  Materials  such  as  rayon, 
wood,  foods,  and  plastics  are  being 
dried;  plastics  and  rubber  are  be- 
ing cured ; wood  and  plastics  are 
being  bonded  one  to  another  and  to 
metals.  Greater  production  rates 
have  been  attained  in  the  molding 
or  forming  of  plastic  preforms. 
Even  some  cooking  of  foods  is  be- 
ing done. 

To  best  make  use  of  high-fre- 
quency power  for  industrial  heat- 
ing applications,  it  is  necessary  that 
the  manufacturer  and  producer  of 
dielectric  materials,  who  may  use  or 
contemplate  using  high-frequency 
power,  have  an  understanding  of 
the  fundamentals  of  dielectric  heat- 
ing. 

Moleeelor  Dipoles 

If  one  were  to  examine,  by  some 
microscopic  means,  the  molecules  of 
a dielectric  which  are  immersed  in 
an  electrodynamic  field,  he  might 
well  appreciate  the  generation  of 
heat  within  the  dielectric.  At  some 
time  when  the  electric  field  is 
zero,  a molecule  might  be  seen  to 
have  its  center  of  postive  charges 
and  its  center  of  negative  charges 
coincident,  or  he  may  see  these  cen- 
ters displaced  a given  distance  rela- 
tive one  center  to  the  other.  This 
latter  molecule  is  called  a perma- 
nent molecular  dipole. 

The  orientation  of  the  permanent 
molecular  dipole  would  necessarily 
be  a function  of  the  properties  of 
the  molecule  of  the  dielectric  as  well 
as  the  history  of  the  molecule.  The 
individual  positive  and  negative 
charges  are  being  held  in  place  by 
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very  appreciable  forces  so  that 
their  resultant  centers  are  coinci- 
dent or  permanently  displaced  (as- 
suming zero  external  electric  field) , 
even  though  the  electrons  of  the 
molecule  are  very  active.  As  the 
electric  field  changes,  these  centers 
of  positive  and  negative  charges 
might  be  seen  to  be  displaced  rela- 
tive one  to  another  forming  induced 
dipoles  whose  axes  are  parallel  to 
the  electric  field. 

Power  Daulty 

The  permanent  dipoles  will  be  in- 
fluenced by  a torque  tending  to 
rotate  them  until  their  axes  are 
parallel  to  the  electric  field.  An 
added  displacement  may  also  take 
place  between  the  electrical  centers 
of  the  permanent  dipoles.  In  so 
displacing  the  centers  and/or  caus- 
ing a rotation  of  permanent  dipoles, 
work  is  done,  for  work  is  simply  de- 
fined as  the  overcoming  of  resist- 
ance through  distance. 

Since  power  is  the  time  rate  of 


doing  work,  the  power  absorbed  by 
a dielectric  from  an  electrodynamic 
field  in  which  the  dielectric  is  im-  | 
mersed  is  some  function  of  . , 
the  time  rate  of  change  of  the  elec-  j. 
trie  field.  Thus,  the  energy  ab- 
sorbed per  unit  time  may  be  con- 
sidered a function  of  frequency. 
Heat  power  generated  within  a 
dielectric  because  of  hysteresis  may 
be  thought  of  as  the  time  rat*  of 
energy  required  to  produce  molecu- 
lar deformation  and  rotation. 

It  may  be  shown  for  practical 
purposes  that 

P,  - 1.4/&*e,,wattapercuin.  (1) 
where/  ■ ' Frequency  in  megacycles 

E,  = Voltage  gradient  in  kilovolte  rat 
per  inch 

e"  = Lose  factor  - product  of  di- 
electric  constant  t'  and  power 
factor 

This  equation  indicates  that  the 
power  density  is  directly  propor- 
tional  to  the  frequency,  f.  Assum-  ^ 
ing  the  loss  factor,  e",  and  voltage 
gradient,  E„  to  remain  constant,  1 
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Fo  utilize  industrial  dielectric  heating  efficiently,  the  basic  theory  of  the  technique  must 
considered.  Power  requirements,  thermal  losses,  characteristics  of  the  load,  and  types 
of  networks  for  matching  the  load  to  the  oscillator  are  discussed 


ii  clear  that  the  heat  energy  gener- 
iited  in  a dielectric  increases  as  the 
Infrequency  increases.  For  a constant 
frequency  and  loss  factor,  e",  the 
teat  generated  in  the  dielectric  is 
proportional  to  the  square  of  the 
voltage  gradient,  Et. 

The  loss  factor,  e",  is  made  up 
kf  two  factors,  the  dielectric  con- 


stant and  the  dielectric  power 
factor.  Both  of  these  may  vary 
with  a change  in  frequency,  with 
moisture  content,  temperature  and 
pressure.  Therefore,  during  a heat- 
ing process,  the  heat  generated  may 
not  be  uniform  with  time  because 
of  changing  properties.  Any  change 
in  the  loss  factor  will  involve  a 


^ 1— Carr#*  showing  radiation  and  convection  loss  Irom  surface  In  free  air 
that  were  plotted  at  75  degrees  Fahrenheit 

NICS — Wovemher  1945 


change  in  the  impedance  of  the  load 
and  therefore  a voltage  and  current 
change. 

A careful  study  of  the  problem 
should  be  made  at  the  particular  in- 
stallation. Thus,  consideration  can 
be  made  of  the  initial  conditions 
such  as  (1)  the  particular  set-up 
that  will  be  used  in  order  to  ac- 
count for  stray  and  mutual  react- 
ances, (2)  the  load  properties,  mois- 
ture content  and  initial  tempera- 
ture, and  (3)  humidity  which  often 
limits  the  desired  electrode  voltage. 
Equation  1 is  sufficiently  accurate 
for  making  estimations  and  is  used 
here  for  that  purpose. 

Dstsnalslag  Losses 

The  thermal  power  requirements 
may  be  specified  by  the  general  heat 
equation  (neglecting  thermal 
losses) 

P = 17 .6  mo  AT  watts  (2) 

where  m = lb  of  material  heated  per  minute 
c = Specific  heat 
AT  = Temperature  rise  F 

In  some  dielectric  heating  work, 
thermal  losses  such  as  convection, 
radiation,  and  conduction  should  be 
considered.  The  conduction  loss  is 
rather  complicated,  especially  in  the 
use  of  presses,  and  should  be  con- 
sidered as  an  individual  problem. 
The  convection  and  radiation  losses 
may  be  considered  more  general. 
The  curve  of  Fig.  1 indicates  ap- 
proximately the  radiation  losses  for 
surfaces  whose  relative  emissivity 
is  unity.  The  radiated  power  is  pro- 
portional to  the  relative  emissivity 
of  the  surface ; therefore,  blackbody 
radiation  (unity  relative  emissiv- 
ity) times  the  relative  emissivity 
of  the  surface  will  indicate  the  radi- 
ated losses.  Tables  of  the  relative 
emissivity  of  various  surfaces  may 
be  found  in  handbooks. 

The  curves  of  Fig.  1 indicate  the 


Digitized  by 


Google 


121 


radiation  losses  of  a blackbody  and 
convection  losses  for  a particular 
temperature  assuming  the  ambient, 
T„  is  75  F.  To  give  the  true  radia- 
tion loss,  the  blackbody  radiation 
should  be  multiplied  by  the  relative 
emissivity  of  the  surface.  By  use 
of  these  curves  or  by  substituting 
the  temperature  values  into  the 
equations,  the  losses  may  be  deter- 
mined. 

For  accurate  determination  of 
radiation  and  convection  losses, 
these  curves  should  be  integrated 
over  the  temperature  range  of  the 
load-heating  cycle.  Graphical  inte- 
gration is  sufficiently  accurate  for 
most  purposes.  Over  very  short  dis- 
tances, the  curves  may  be  assumed 
to  be  straight  lines  and  an  average 
made  of  the  sum  of  the  initial  and 
final  radiation  and  convection  losses. 

The  power  density  P.  used  in  this 
discussion  is  the  required  total 
thermal  power  P per  cubic  inch  of 
material  heated.  The  total  thermal 
power  includes  thermal  losses  as 
well  as  the  power  required  to  heat 
the  load  as  desired. 


Three  application  problems  are 
considered  here.  The  first  is 
the  determination  of  the  available 
power  density  for  a given  fre- 
quency, voltage  gradient,  and  loss 
factor.  This  may  be  determined 
from  Eq.  1. 

Typical  Conditions 

In  the  second  case,  the  frequency 
is  fixed  and  the  desired  power 
density  and  loss  factor  are  prede- 
termined. The  required  voltage 
gradient  E , in  kv  per  inch  is 
„ /0.7P.Y* 

1 " XW)  (3) 

Assume  that  a fixed-frequency 
oscillator  is  to  be  applied  to  a load. 
The  material  specifies  the  loss  fac- 
tor e",  at  a frequency  /.  To  gen- 
erate the  desired  power  in  the  load 
for  a given  frequency,  power  den- 
sity, and  loss  factor,  the  required 
voltage  gradient  may  be  determined 
from  Eq.  3. 

The  third  case  will  be  governed 
by  the  fact  that  the  required  power 
density  P,  and  loss  factor  e"  are 
predetermined.  A practical  elec- 


trode voltage  is  assumed,  beii 
based  on  available  voltage  and  ele 
trode  assembly.  Then  the  requii 
frequency  in  me  may  be  determir 
by 

1 SiV 

Equation  4 determines  the 
quired  frequency  for  an  estimati 
maximum  electrode  voltage.  If , 
is  a maximum,  the  frequency  j 
may  be  increased,  thus  requiring  ii 
decrease  in  E„ 

Coates  of  Noaaalferm  Htatlig 

Generally,  a frequency  range 
from  2 to  200  megacycles  is  used 
dielectric  heating  processes.  In  si 
lecting  frequency,  consideratii 
must  be  made  for  the  allowabl 
voltage  gradient  the  dielectric  mi 
dia  will  withstand  at  various  fi 
quencies  as  well  as  creepage 
the  surface  of  the  dielectric  be- 
tween electrodes.  Once  the  voltage 
gradient  has  been  chosen,  the  de- 
sired power  density  and  the  dielec- 
tric properties  of  the  material 


specify  the  required  frequency. 

Another  matter  of  importance  to 
consider  relative  to  the  frequency 
choice  is  the  geometry  of  the  load. 
The  electrodes  act  as  open-circuited 
electric  lines.  If  these  lines  are  long 
comparable  to  the  wavelength,  ap- 
preciable voltage  nonuniformity 
will  result,  which  means  a nonuni- 
formity in  voltage  gradient.  Since: 
the  heating  is  proportional  to  the 
square  of  the  voltage  gradient,  care 
must  be  taken  to  provide  means  of 
assuring  approximately  uniform  ^ 
voltage  gradient  in  the  dielectric ; 
from  one  point  to  another.  If,  fro® 
the  point  of  line  connection  on  the 
electrode  to  any  other  point  on  the 
electrode,  there  is  a distance 
greater  than  one-sixteenth  wave- 
length, appreciable  voltage  differ- 
ence will  result  which  will  cause 


*1G.  3 — Single-element  network 


FIG.  4— Two-element  L network 
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Thermosetting  resin  preforms  are  preheated  in  a 2-kw  30-mc 
generator  prior  to  injection  molding 


In  this  installation,  a standard  10-kw  5-mc  electronic  generator 
is  used  to  dry  nonconducting  material 


nonuniform  heating  of  the  load, 
where  the  wavelength  in  feet  along 
the  electrode  is 


984 

nt 


"here  / = Frequency  in  megacycles 

e'  = dielectric  constant  of  the  material 
heated 

If  electrode  length  is  such  that 
appreciable  nonuniform  heating  re- 
sults, arrangements  should  be  made 
to  feed  the  electrode  at  more  than 
we  point.  Possibly  networks  will 
be  needed  to  supply  power  properly 
to  various  points  on  the  electrodes. 

Load  Characteristic! 

Most  dielectric  heating  is  done 
with  the  load  material  between  two 
Parallel  electrodes.  It  is  necessary 
to  know  the  reactance  of  this  load, 
reactance  in  ohms  is 
1 


C = 0.224  A-e'  X 10“  farads 
d 

A = Area  of  one  electrode  in  sq  in. 

d — Distance  between  electrodes  in 
inches 

To  represent  a capacitor  with 
losses,  a perfect  capacitor  may  be 
visualized  with  either  a resistor  in 
series  or  a resistor  in  parallel  with 
it.  Thus,  losses  in  a capacitor  may 
be  thought  of  as  being  generated 
in  the  resistance.  The  effective 
series  resistance  may  be  repre- 
sented by 

ft  = |X|  (power factor)  (7) 

and  the  equivalent  shunt  resistance 
by 


ft  ■ 


(8) 


X = 


wC 


;*lereM  =2 »/ 

! = frequency  in  cpa 


power  factor 
The  series  resistance  representation 
will  be  used  throughout  the  rest  of 
this  discussion  and  unless  other- 
wise indicated  JJi  will  be  repre- 
sented by  simply  R>. 

Equations  6 and  7,  if  properly 
applied,  determine  the  load  charac- 
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FIG.  6 Threa-elamant  T network 


teristics.  The  load  impedance  is, 
in  vector  form, 

Z = R„+jX  (9) 

Today,  high-frequency  power  is 
almost  universally  produced  by  vac- 
uum-tube self-excited  oscillators. 
These  generators  produce  power 
fairly  efficiently  at  frequencies  from 
2 to  200  megacycles.  There  are  now 
available  vacuum-tube  generators 
capable  of  producing  from  1 to  25 
kilowatts  up  to  50  megacycles. 
Powers  up  to  100  kw  are  available 
at  frequencies  up  to  20  me  and 
powers  up  to  175  kw  may  be  ob- 
tained for  frequencies  up  to  10  me. 
The  very-high-frequency  generators 
are  as  yet  limited  to  a few  hundred 
watts.  Figure  2 illustrates  the  cir- 
cuit of  a typical  standard  2-kw  30- 
mc  industrial  r-f  generator. 

Impadaic*  Matching 

For  these  r-f  generators  there  is 
an  optimum  load  impedance  for  a 
required  power  output.  If  the  im- 
pedance of  the  load  happened  to 
load  the  oscillator  properly,  no 
matching  network  would  be  needed. 
In  practically  all  cases,  however, 
some  kind  of  network  is  needed  to 
convert  the  voltage  and  current 
available  at  the  tank  coil  into  the 
voltage  and  current  needed  through 
the  resistance  of  the  load  to  cause 
the  correct  amount  of  heat  to  be 
generated  in  the  work.  In  some 
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cases  the  work  is  located  close  to 
the  tank  circuit;  in  others,  it  may 
be  a considerable  distance  away. 
When  the  distance  from  the  oscil- 
lator to  the  work  is  more  than 
about  one-eighth  wavelength,  a 
nonresonant  transmission  line  is 
generally  employed,  necessitating 
two  coupling  networks,  one  at  each 
end. 

In  general,  there  are  three  types 
of  network  that  may  be  used,  one, 
two,  or  three  element  The  con- 
figuration may  be  either-  T or  *. 
Each  element  of  the  network  offers 
control  over  one  characteristic  of 
the  network. 

A single-element  network  can  be 
used  to  match  the  resistance  of  the 
load  to  the  oscillator  provided  the 
reactive  component  is  not  impor- 
tant. If  the  input  of  the  network 
is  connected  directly  across  the  tank 
circuit  of  the  oscillator,  a reactive 
component  reflected  from  the  load 
will  shift  the  frequency  slightly. 
This  is  usually  unimportant.  The 
action  of  this  network  is  merely  to 
provide  a series  impedance  which 
may  be  used  to  control  the  current 
Passing  through  the  resistive  com- 
ponent of  the  load.  Usually  the 
largest  part  of  this  impedance  is 
the  reactance  of  the  load.  One  great 
advantage  of  this  type  of  network 
is  that  changes  in  dielectric  proper- 
ties of  the  load  cause  relatively 
minor  changes  in  loading. 


imaginary  number,  an  impossible 
condition,  therefore  this  network 
may  not  be  used. 

- f * !a  total  series  reactance 
including  the  reactance  of  the  load 
and  may  be  either  inductive  or  ca- 
pacitive. In  dielectric  heating,  the 
reactance  of  the  load  is  always 
capacitive  so  it  is  advisable  to  make 
the  total  reactance  capacitive.  In 
this  way  the  stored  energy  in  the 

'“f !s  >“Pt  to  * minimum 
and  the  oscillator  is  more  stable 
The  reactance  reflected  across  the 
tank  can  be  found  from  the  rela- 
tion 


Phase  i8  ^ 
cem,  so  that  arbitrarily-, 

one  element  of  the  J 

Packed.  Then  the  3 

elements  nay  be  calcuJ 

rect  resistance  and  re 
resulting  phase  shift 
lected. 

The  load  has  a series] 
let  this  reactance  be  teifl 
calculate  X \ and  X,  fj 
tions 

1 X + 1,  i, 


— RmRt  '■ 
and 


|( 


x. 


:ie.  VZ5Z 

< — Jtb 


_ x.  + j, 


(13) 


In  this  equation,  the  sign  of  X, 


Reactance 

The  shunt  resistance  that  must 
be  reflected  back  across  the  tank 
coiUanbe  foun.  from  the  relation 

~ E'  /P’  where  E,  is  the  avail- 
able rms  voltage  and  P the  power 
“ watts  Rm  is  the  resistanPce  £ 

^hms  to  be  reflected  across  the  tank 

Referring  to  Pig.  3,  the  two  im- 
pedances are  equal  at  the  terminals 


£.< 

X. 


. Ro*  + x»* 


(10) 


, R"2  + x6» 

~~xr~  (ii) 

«,tdUo, ■* 

which  ' °*lms  to  a generator 
which  ,s  properly  loaded  by  R 

ohms.  Re-arranging  Eq.  10, 

Xi  = ± ^ (12) 
It  will  be  noticed  that  if  J?  i „ 

greater  than  ft.,  then  .T*  win  be  an 
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whuh  •nabi- 
r,m0T#d  ltom  “»•  material 
without  .hutting  down  th.  ,.n.rator 

will  be  the  same  as  the  sign  Xt  in 
Eq.  12. 

If  it  is  necessary  to  have  the  in- 
put impedance  of  the  network 
purely  resistive,  the  input  may  sim- 
ply be  shunted  with  a reactance  of 
A.,  but  of  opposite  sign.  This  con- 
figuration gives  a two-element  net- 
work commonly  known  as  an  L net- 
work,  as  shown  in  Fig.  4. 

In  both  networks  shown  thus  far, 
K.  must  be  greater  than  Rh.  There 
are  cases,  however,  where  R,  is 
greater  than  R..  The  circuit  shown 
m lg.  5 cannot  be  used  because 
the  load  has  a reactive  component. 
It  is  necessary  therefore  to  use  a 
T network  as  indicated  in  Fig.  6. 

Since  this  T network  has  three 
e ements,  three  characteristics  may 
e . varied.  These  three  character- 
isticfcjMb  resistance,  reactance,  and 
In  dielectric  heating, 


Ri  X,  + y, 

In  considering  thermJ 
must  bear  in  mind  tiuf 
thermal  conduction  . 
constitute  the  absorptiol 
by  material  in  contact  T 
load.  In  the  case  of  dieh 
ing,  the  contacting 
absorb  energy.  The  ral 
tion  depends  upon  the 
differential,  the  geom 
absorber  and  the 
thermal  properties.  If . 
tion  the  dielectric  heating 
are  used  almost  continuo : 
will  absorb  sufficient  energ 
their  temperature  to  abon 
the  final  load  temperate 
conduction  losses  equal  t 
tion  and  convection  losses 
electrodes.  Radiation  am  - 
tion  losses  will  also  occu 
sides  of  the  dielectric  load4 
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Plane-to-Ground 


RADIO  TELEMETERING 


Electronic  system  utilizing  phase  angle  as  transmission  means  for  radio  link  permits  read- 
jn  altimeter  and  other  instruments  from  ground  during  flight-testing  or  in  radio-con- 
trolled aircraft.  Mounting  of  small  magnet  on  pointer  is  only  alteration  to  instrument 
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ON  GROUND 
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Uh:  Pickup  chassis  used  in  plane,  with  pickup  and  connecting  cahle.  battery  S 

Chassis  used  on  ground,  showing  repeating  altimeter  and  connecting  cable,  input  cable  going  to  receiver  output,  ana  D l y 


Hi  ?T  N MANY  INSTRUMENTATION  SYS- 
i TEMS  it  is  desirable  or  necessary 
*to  have  an  indication  of  the  meas- 
] 'ured  value  at  some  distance  from 
Blithe  point  of  measurement.  This  is 
i Particularly  true  in  aircraft  flight 
testing,  or  in  the  flying  of  radio- 
controlled  aircraft.  In  installations 
of  this  type  it  is  frequently  advan- 
tageous for  reasons  of  safety  to 
remove  all  personnel  from  the  air- 
craft being  tested  or  flown  by  ra'dio 
control  systems.  It  then  becomes 
necessary  to  have  a means  for  read- 
ing the  flight  instruments,  particu- 
larly, at  some  remote  point.  For 
this,  radio  is  the  only  practical 
communication  link. 

Quite  a number  of  systems  have 
t»en  and  are  being  developed  to 
serve  this  purpose.  These  range 
from  telemetering  devices  produc- 
ing a graphical  indication  of  the 
Phenomenon  being  studied,  to  sys- 
tems which  faithfully  reproduce  a 
'Hal  indication  similar  or  equal  to 
that  which  would  be  seen  by  the 
: Pilot  if  he  were  present  in  the  plane. 
Systems  of  the  latter  type  are  par- 
ticularly desirable  in  flying  radio- 
| controlled  aircraft,  since  they  pre- 
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consideration  it  was  decided  to  use 
electrical  phase  angle  as  the  trans- 
mission means. 

Phase-ihlftlng  Pickup 


elude  any  necessity  of  having  to 
train  an  experienced  pilot  to  become 
familiar  with  new  instruments. 

This  article  describes  a telemeter- 
ing system  which  permits  reading 
a standard  aircraft  instrument  with 
very  slight  modification  to  the  in- 
strument itself,  transmitting  this 
reading  to  any  desired  remote  posi- 
tion or  positions,  and  reproducing 
faithfully  the  initial  indication  on 
a dial  equivalent  to  that  of  the 
aircraft  instrument. 

All  possible  means  for  transmit- 
ting intelligence  were  studied  for 
application  to  a particular  installa- 
tion which  required  the  transmis- 
sion of  the  indication  of  a standard 
sensitive  altimeter.  As  a continu- 
ous indication  was  required,  all  of 
the  step-by-step  impulse  systems 
were  eliminated.  It  was  also  deemed 
undesirable  to  employ  any  ampli- 
tude comparison  arrangements  over 
a radio  link  which  might  seriously 
affect  amplitude  values.  After  much 


An  instrument  indication  pickup 
was  designed  which  coupled  mag- 
netically to  the  sweep  pointer  of 
the  sensitive  altimeter,  and  which 
shifted  the  phase  of  its  input  signal 
degree  for  degree  with  the  motion 
of  the  sweep  pointer.  In  other 
words,  for  a 90-degree  shift  in  the 
position  of  this  pointer,  the  elec- 
trical phase  angle  of  the  output  sig- 
nal of  the  pickup  would  shift  90 
electrical  degrees  with  reference  to 
the  input  signal. 

The  pickup  was  designed  to 
mount  directly  on  the  sensitive  alti- 
meter, as  shown  in  the  accompany- 
ing photographs.  No  alterations 
were  necessary  to  the  altimeter 
other  than  the  mounting  of  a small 
permanent  magnet  on  the  hub  of 
the  sweep  pointer.  This  magnet 
enabled  the  use  of  magnetic  coup- 
ling to  the  position  pickup  and  the 
maintaining  of  the  pressure  seal 
of  the  instrument. 

The  position-receiving  instru- 
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no.  1 — Schematic  diagram  of  chassis  used  In  plane  to  convert  output  of  pickup  unit  Into  signals  that  can  bo  han- 
dled by  one  of  the  plane's  standard  radio  transmitters 


-a 


ment  was  an  electrical  phase-angle 
meter  with  its  output  connected  to 
a pointer  system  similar  to  that  in 
the  original  altimeter.  The  simi- 
larity of  this  component  to  an  ac- 
tual altimeter  is  apparent  from  the 
photographs. 

Schematic  diagrams  of  the  elec- 
tronic components  of  the  position 
transmitting  and  receiving  systems 
are  given  in  Fig.  1 and  2.  The 
operation  of  the  transmitter  will 
be  taken  up  first. 

Transmitter  Circuit 

To  transmit  intelligence  by  elec- 
trical phase  angle,  it  is  necessary 
to  transmit  a reference  signal  to  be 
used  as  a time  or  phase  standard, 
as  well  as  the  intelligence  signal. 
The  comparison  signal  and  the  in- 
telligence signal  are  transmitted  as 
two  separate  audio  frequencies  on 
one  radio-frequency  carrier. 

Referring  to  the  pickup  chassis 
diagram  in  Fig.  1,  V,  is  a double  tri- 
ode  (X2SL7GT)  acting  as  a 250-cps 
multivibrator  oscillator.  The  250- 
cycle  wave  passes  through  tuned 
transformer  TR,  to  one  half  of  V, 
(12SL7GT)  acting  as  an  amplifier 
for  the  frequency-doubling  circuit 
including  V,  (12H6),  and  to  one 
half  of  V , which  acts  as  a modula- 
tor for  the  radio  transmission  sys- 
tem. Tube  V , rectifies  the  250-cycle 
signal,  producing  a strong  second 
harmonic  component  which  is  se- 
lected by  tuned  transformer  TR, 
which  is  tuned  to  600  cycles.  This 


second  harmonic  signal  is  then  fed 
into  the  second  half  of  V,  which 
amplifies  it  and  feeds  it  into  power 
amplifier  V,.  This  power  amplifier 
energizes  the  phase-shifting  pickup 
whose  output  is  fed  to  modulator 
Vb  and  combined  with  the  original 
260-cycle  signal  which  is  used  as  the 
reference  signal.  The  phase  angle 
between  the  input  of  the  phase- 
shifting  pickup  and  its  output  is  a 
function  of  the  position  of  the  alti- 
meter sweep  hand. 

The  output  of  the  modulator  tube 
is  fed  into  a standard  radio  trans- 
mission system  capable  of  being 
modulated  by  250  and  500  cycles 
and  having  a small  fixed  phase 
shift  between  the  two  signals.  For 
testing,  a frequency-modulation  ra- 
dio transmitting  and  receiving  sys- 
tem was  used. 


Repeater  Circuit  for  Receiver 

The  repeater  chassis  diagram  in  .. , 
Fig.  2 shows  that  the  output  from 
the  radio  receiver  energizes  two  fil- 
ter systems  starting  with  the  first 
halves  of  V , and  V,  (both  12SL- 
7GT).  The  output  from  the  first 
half  of  V , is  filtered  by  Tft,  which 
passes  only  the  500-cyde  compo- 
nent to  the  second  half  of  V,  for 
energizing  the  zero-setting  phase- 
shifting  device  that  excites  power 
amplifier  V , (6V6GT).  In  turn,  V, 
feeds  into  phase  one  of  the  two- 
phase  drag-cup  motor  driving  the 
phase  meter  indicator. 

The  first  half  of  V,  is  connected 
to  TR„  which  passes  only  the  260- 
cycle  reference  component  of  the  i 
received  signal.  This  250-cycle 
component  is  amplified  by  the  sec- 


Lclt  to  right:  Pickup  unit  that  attach**  to  lac*  of  instrument  on  plan*:  altimeter 
plane,  with  small  permanent  magnet  attached  to  its  pointer;  altimeter  with  p: 
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FIG.  2-Schematic  diagram  o.  chassis  used  on  ground  io  convert  output  .ignal.  of  receiver  into  current,  .uitable  for  driving  an 
indicator  that  repeats  accurately  the  readings  of  the  instrument  on  the  plane 


ar  ond  half  of  V,  and  then  fed  through 
TR,  for  rectification  by  V„  pro- 
ducing a strong  second  harmonic 
component  which  is  selected  by  TR„ 
*1  producing  a reference  signal  of  the 
same  frequency  as  the  intelligence 
signal  and  therefore  easily  com- 
M pared  with  it  by  a phase  angle  me- 
ter. This  500-cycle  component  is 
amplified  by  V2  and  V,  and  fed  into 
a phase  transformer  driven  by  the 
two-phase  drag-cup  motor.  The  out- 
lay put  of  this  phase  transformer  is 
amplified  again  by  amplifiers  V, 
M and  F„  which  in  turn  excite  phase 
two  of  the  two-phase  meter  indi- 
cator. 

The  two-phase  motor  will  develop 
iij  torque  when  there  is  any  phase 
::  i]  angle  difference  between  the  cur- 
SM  rents  in  phase  one  and  phase  two 
of  the  motor.  Phase  one  is,  as 


mentioned  heretofore,  excited  by 
the  amplified  500-cycle  component 
of  the  received  signal.  Phase  two 
is  excited  by  the  comparison  signal, 
doubled  in  frequency  and  shifted  in 
phase  by  the  phase  transformer  in 
the  motor-driven  phase  angle  meter. 
The  phase  transformer  position  for 
zero  phase  angle  between  the  cur- 
rents in  phase  one  and  phase  two 
of  the  motor  is  then  a function  of 
the  difference  in  phase  between  the 
intelligence  and  the  comparison  sig- 
nal in  the  received  wave,  which  is 
in  turn  a function  of  the  altimeter 
reading.  The  phase  transformer 
operates  the  indicating  pointer  di- 
rectly. Any  discrepancy  between 
the  position  of  this  phase  trans- 
former and  the  sensitive  altimeter 
shaft  which  might  be  due  to  elec- 
trical phase  shifts  in  the  radio 


transmission  equipment  and  in  the 
transmitting  and  receiving  elec- 
tronic units  is  compensated  at  the 
time  of  installation  by  adjusting 
the  zero-setting  phase  shifter.  This 
adjustment  only  has  to  be  made 
once  for  each  installation. 

Performance  and  Applications 

Complete  flight  tests  were  made 
of  this  equipment  by  the  Aircraft 
Radio  Laboratory  at  Wright  Field, 
Dayton,  Ohio.  The  position-trans- 
mitting equipment  was  mounted  in 
an  AT 7 aircraft  and  favorable  re- 
sults were  obtained  within  the  range 
of  the  radio  equipment.  It  was 
noted  that  when  the  aircraft  was 
flown  out  of  the  range  of  the  radio 
equipment,  the  phase  meter  indi- 
cator maintained  the  indication  at 
the  point  of  losing  radio  contact, 
taking  up  the  correct  reading  in- 
stantaneously again  upon  reestab- 
lishment of  the  radio  contact. 

A system  of  this  type  is  also  ap- 
plicable to  multichannel  instrument 
transmission  on  one  radio  earlier. 
For  this  use  one  comparison  signal 
is  employed  with  a multiplicity  of 
intelligence  waves,  permitting  a 
compact  and  accurate  system  for 
transmitting  the  entire  flight  group 
of  instruments. 

For  industrial  telemetering,  the 
radio  link  may  be  eliminated,  pro- 
viding accurate  and  flexible  multi- 
channel or  single-channel  telemeter- 
ing adaptable  to  carrier  current  or 
wire  service. 
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Crystal  Pickup 
Compensation  Circuits 


Light  pattern  on  test  record  indicates  frequency-response  characteristic 


From  consideration  of  recording  practice,  record  properties,  pickup  frequency  char- 
acteristics, and  listener  acceptance,  the  appropriate  corrective  network  for  connecting 
crystal  pickup  to  amplifier  input  to  give  desired  overall  frequency  response  is  determined  j 


In  the  design  of  phonograph 
equipment,  quality  performance 
is  not  automatically  assured  by 
choosing  better-grade  components 
for  the  playback  mechanism.  The 
circuit  connecting  the  pickup  to  the 
amplifier  plays  an  important  part 
in  the  satisfaction  which  the  user 
obtains  from  the  instrument.  A 
clear  understanding  of  the  latest 
trends  in  recording  characteristics 
is  essential  to  the  selection  of  this 
circuit.  In  this  article  general  con- 
sideration is  given  to  the  frequency 
response  of  phonograph  playback 
equipment,  with  particular  atten- 
tion to  the  design  of  circuits  for 
connecting  piezoelectric  pickups  to 
playback  amplifiers. 

Racordlag  Characteristics 

To  reproduce  a record  in  the 
manner  intended  by  the  recording 
director,  the  characteristic  of  the 
playback  system  should  match  the 
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FIG.  1 — Theoretical  recording  character- 
istics for  (A)  250-cps  turnover,  (B)  500-cps 
turnover,  (C)  N.A.B.  lateral  recording,  and 
(D)  constant-amplitude  recording 

characteristic  of  the  recording  sys- 
tem. Recording  characteristics  are 
specified  in  terms  of  the  lateral  or 
hill-and-dale  amplitude  and  velocity 

ox  the  modulated  record  groove. 

Peak  velocity  of  groove  modula- 
tion, which  is  a function  of  signal 
frequency  is  commonly  known  as 
the  modulation  velocity.  If  modu- 
lation velocity  is  to  remain  con- 
stant, amplitude  must  decrease  with 
the  frequency. 


Recording  characteristic  of  a sys- 
tem is  defined  by  the  velocity-fre- 
quency or  amplitude-frequency 
curve  obtained  by  cutting  a disk 
with  a sinusoidal  voltage  of  con- 
stant amplitude  and  varying  fre- 
quency applied  to  the  input  termi- 
nals of  the  recording  amplifier.  In 
this  manner  a test  record  is  ob- 
tained which  can  be  used  for  cali- 
brating playback  systems. 

Shortly  after  the  introduction  of 
electrical  recording,  cutting  heads 
and  recording  circuits  were  ad- 
justed in  such  a manner  that  a con- 
stant velocity  characteristic  was  ob- 
tained at  frequencies  above  250  cps, 
and  a constant  amplitude  character- 
istic was  obtained  below  this  fre- 
quency (known  as  the  turnover 
point).  This  recording  character- 
istic is  shown  by  curve  A in  Fig.  I- 
Maximum  modulation  velocity  above 
the  turnover  point  was  limited— by  , 
the  ability  of  the  relatively  heavy 
pickup  needle  chucks  to  turn  the 
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corners  of  the  modulated  groove  at 
high  frequency— to  approximately 
2.5  inches  per  second.  The  modula- 
tion amplitude  below  the  turnover 
point  was  limited  by  the  pitch  of 
the  grooves  to  approximately  0.002 
inches.  Disks  recorded  with  this 
characteristic  gave  satisfactory 
tonal  balance  with  equipment  avail- 
able at  the  time. 

Extension  of  the  frequency  range 
by  lightening  the  moving  system 
of  phonograph  pickups,  together 
with  the  development  of  wide-range 
loudspeakers  for  home  use,  led  to 
the  increase  of  the  high-frequency 
i modulation  velocity  to  peaks  of  5 
I to  7 inches  per  second.  This  re- 
sulted in  a substantial  improvement 
of  the  signal-to-noise  ratio.  Be- 
cause of  groove  spacing  limitations, 
maximum  low-frequency  modula- 
tion remained  unchanged  and  the 
turnover  point  was  shifted  upward 
to  500  cps  in  home  records.  Such  a 
recording  characteristic  is  shown 
by  curve  B in  Fig.  1.  Because  the 
surface-noise  energy  is  contained 
principally  above  1000  cps,  this 
recording  characteristic  provides 


Overall  frequency  characteristic  of  a portable  record  player  is  measured  by  means 
oi  a calibrated  microphone  and  sound  level  meter 


an  improvement  of  signal  to  sur- 
face-noise ratio  over  the  250-cps 
turnover  point  characteristic  of 
approximately  6 db. 

High-Frequency  Pre-Emphasis 

To  diminish  the  audibility  of  sur- 
face noise  in  transcriptions,  it  be- 
came common  practice  to  accentuate 
the  high-frequency  characteristic 
in  the  cutting-head  amplifier,  and 


conversely,  to  attenuate  the  high- 
frequency  response  of  the  pickup. 
An  example  of  such  a recording 
characteristic  is  the  orthoacoustic 
characteristic  employed  by  the  Na- 
tional Broadcasting  Company, 
which  provided  for  a 16-db  rise  at 
10,000  cps.  In  1942  the  National 
Association  of  Broadcasters1  recom- 
mended as  standard  the  character- 
istic shown  by  curve  C in  Fig.  1, 
which  corresponds  closely  to  this 


FIG.  4 — Terminating  resistance  affects  the  law-frequency  re-  FIG.  5 — By  choosing  terminating  resistance  used  with  PN 

sponse  of  crystal  pickups  and  therefore  can  be  used  to  adjust  type  cartridge,  N.A.B.  characteristic  can  be  approached.  Fire  . -q 

overall  response  megohms  gives  best  match 


orthoacoustic  characteristic. 

In  addition  to  high-frequency 
pre-emphasis,  the  recommended 
standard  indicates  a low-frequency 
pre-emphasis.  When  compensated 
in  the  appropriate  manner,  low-fre- 
quency pre-emphasis,  tends  to  di- 
minish effects  of  turntable  rumble 
and  line  frequency  hum. 

If  the  recorded  amplitude  is  kept 
at  a low  value,  it  is  possible  to  em- 
ploy a constant-amplitude  record- 
ing characteristic  shown  by  curve 
D in  Fig.  1.  Such  a characteristic 
has  a number  of  advantages,  among 
them  that  of  efficiently  utilizing  the 
available  record  surface  and  of  pro- 
viding a high  signal-to-noise  ratio. 
This  characteristic  has  not  been  ex- 
tensively applied,’ 

Characteristics  of  Shollac  Pressings 

The  manufacturer  of  home  rec- 
ords is  confronted  with  a number 
of  factors  which  have  a bearing 
upon  response-frequency  character- 
istics. Home  records  are  employed 
in  an  extremely  wide  variety  of 
record  players  with  different  char- 
acteristics, in  coin-operated  ma- 
chines, and  in  broadcast  work. 
Such  factors  as  needle  tracking,  re- 
corded level,  and  surface  noise,  all 
of  which  are  interdependent  with 
response  characteristics,  are  given 
different  weight  by  various  manu- 
facturers and  users.  One  finds,  as 
a result,  a difference  between  re- 
sponse-frequency characteristics  of 
records  manufactured  under  vari- 
ous brand  names.  Because  of  these 
differences  in  recording  character- 
istics, a single  playback  response 
cannot  meet  all  requirements  and  a 
compromise  must  be  sought.  It  is  to 
be  expected  that  standardization 
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work  may  be  done  in  the  future  to 
remedy  this  situation. 

Many  recent  recordings  exhibit  a 
good  tonal  balance  when  played 
back  with  a pickup  adjusted  to  con- 
form to  the  N.A.B.  Standard.  Other 
records  provide  a better  balance 
when  reproduced  with  a pickup 
which  is  flat  on  a velocity  basis  be- 
yond the  500-cycle  turnover  point. 
However,  surface-noise  considera- 
tions in  shellac-type  home  records 
dictate  a reduction  of  high-fre- 
quency response  of  the  playback 
roughly  in  accordance  with  the 
N.A.B.  Standards.  For  reasons 
which  are  stated  later,  attenuation 
greater  than  prescribed  by  N.A.B. 
Standards  is  often  desirable  beyond 

4.000  to  5,000  cps.  There  is  little 
doubt  that  useful  frequency  con- 
tent in  commercial  records  beyond 

8.000  cps  is  negligible. 

Playback  Taite 

Test  records  provide  convenient 
and  precise  means  for  testing  and 
adjusting  the  response  of  playback 
Systems.  The  test  record  need  not 
be  recorded  with  the  exact  charac- 
teristic which  is  desired  for  the 
playback  system,  as  long  as  its 
characteristic  is  known.  Most  test 
records  are  recorded  with  a con- 
stant amplitude  characteristic  up 
to  the  turnover  point,  and  a con- 
stant velocity  characteristic  above 
the  turnover  point. 

Among  American-made  lateral 
test  records  are  Audiotone  No.  78-1 
(250  cps  turnover),  Columbia  Fre- 
quency Record  No.  10003-M  (300 
cps  turnover),  and  R.C.A.  Fre- 
quency Record  No.  84522  (500  cps 
turnover).  These  are  78-rpm  rec- 
ords intended  for  use  with  home 


record  players.  For  broadcast  test 
work  R.C.A.  Orthoacoustic  No.  2485 
(500  cps  turnover)  and  Western 
Electric  Test  Record  TRL-100  (250 
cps  turnover)  334  rpm  records  are 
available.  i . 

Frequency  characteristics  of  test 
records  are  sometimes  supplied  by 
the  manufacturers,  but  they  can 
also  be  obtained  by  measurement  of  i 
the  width  of  reflected  light  pattern1,  ' 
or  by  measurement  with  a phono-  ! 
graph  pickup  which  is  known  to  be  , 
substantially  flat  and  to  have  low 
needle-point  impedance. 

Velocity-frequency  characteris- 
tics of  the  above  test  records,  as  I 
measured  in  the  Shure  Laboratory, 
are  shown  in  Fig.  2. 

Procedure  for  obtaining  the  play- 
back characteristic  of  a test  rec- 
ord in  terms  of  a given  recording 
curve  is  to  subtract  the  desired  re- 
cording characteristic  from  the  fre- 
quency characteristic  of  the  given 
test  record.  The  resultant  curve  is  ; 
the  overall  characteristic  which  will 
be  exhibited  by  the  playback  mech- 
anism when  reproducing  the  test 
record  with  the  playback  adjusted 
to  match  the  desired  recording  char- 
acteristic. This  subtraction  has 
been  performed  for  the  first  five 
test  records  mentioned  above  in 
terms  of  the  N.A.B.  Standard.  The 
resulting  curves  are  shown  w 
Fig.  3. 

Precise  adjustment  of  the  play- 
back characteristic  requires  meas- 
urement of  the  acoustical  output  of 
the  loudspeaker  when  the  pickup 
is  playing  the  test  record.  In  prac- 
tice, when  suitable  acoustical  meas- 
urement facilities  are  not  availab  e 
the  pickup  output  voltage  is  meas- 
ured across  the  amplifier  volume 
control;  the  characteristic  of  the 
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FIG.  6 — Solid  line  is  response  oi  PN  pickup  cartridge  FIG.  7 — Similar  curves  to  those  of  Fig.  6 but  for  crystal 

with  compensating  network:  dash  line  is  Audiotone  record  pickup.  Both  the  curves  of  Fig.  8 and  this  figure  are  for 

response  adjusted  to  NAJ1,  Standard  response  with  bent-shank  aluminum  needle 


amplifier  and  the  loudspeaker  is 
then  added  to  these  readings  to  ob- 
tain the  overall  characteristic. 

Crystal  Pickup  Characteristics 

Two  types  of  piezoelectric  crys- 
tals are  employed  in  phonograph 
pickups,  the  x-cut  rochelle  salt  type 
and  a new  crystal  developed  by  the 
Brush  Development  Company  known 
as  the  PN  type.  Rochelle  salt  crys- 
tal pickups  are  characterized  by 
r high  output  voltage  and  high  in- 
' ! ternal  capacitance.  PN  crystal  pick- 
....  ups  have  acoustical  characteristics 
similar  to  the  crystal  pickups,  with 
the  added  advantage  of  withstand- 
ing extremely  high  ambient  tem- 
j peratures  without  deterioration. 

1 On  the  other  hand,  PN  crystal  pick- 
ups have  a low  internal  capacitance 
"■hich  requires  careful  design  of 
the  input  circuit  for  optimum  op- 
eration. 

From  the  electrical  standpoint,  a 
piezoelectric  pickup  can  be  repre- 
sented as  a zero-impedance  gener- 
ator connected  in  series  with  a ca- 
pacitance which  is  numerically  equal 
to  the  capacitance  of  the  crystal. 
This  capacitance  is  approximately 
100(Wf  in  the  case  of  rochelle 
'alt  pickups,  and  is  approximately 
100  nnf  ;n  the  case  of  PN  pickups, 
he  addition  of  a capacitive  cable 

0 the  pickup  terminals  results, 
therefore,  in  a loss  of  output  volt- 
“tre  without  change  in  frequency 

| ™aracteristic.  The  loss  in  output 
r be  calculated  by  considering 
lockup  capacitance  C„  and  cable  ca- 
pacitance C,  as  forming  a capacitive 
'°tage  divider.  The  loss  due  to 
cabIe’  in  decibels,  is  20  log  (1  + 

1 , 1 1 ■ indicating  the  desirabil- 

1 > of  connecting  the  pickup  to  the 


amplifier  with  a cable  having  the 
lowest  possible  capacitance. 

Phonograph  pickups  are  gener- 
ally connected  to  potentiometer- 
type  volume  controls.  Because  the 
internal  impedance  of  the  pickup  is 
capacitive  (and  therefore  increases 
at  low  frequencies),  the  addition 
of  the  volume  control  across  the 
pickup  causes  a drop  in  output  at 
low  frequency.  The  added  loss  due 
to  the  shunting  effect  of  the  volume 
control  resistance,  in  decibels, 
equals  20  log  [1  •+•  (l/mCR,)’]1 
where  C is  the  sum  of  the  capaci- 
tance of  pickup  and  cable  (C„  + C,) 
in  microfarads,  and  Ri  is  the  volume 
control  resistance  in  megohms. 

lapat-CIreiit  Loading 

To  illustrate  the  point.  Pig.  4 
shows  the  characteristic  on  an 
Audiotone  record  of  a Shure  P-87 
rochelle  salt  pickup  cartridge  con- 
nected across  resistances  of  0.25 
megohms  to  5.0  megohms.  In  dot- 
ted line  is  shown  the  playback  char- 
acteristic which  should  be  attained 
on  an  Audiotone  record  in  order  to 
match  the  N.A.B.  Standard  Char- 
acteristic. (This  is  obtained  from 
Fig.  3.)  It  is  seen  that  with  this 
particular  rochelle  salt  pickup,  a 
1.0  megohm  volume  control  pro- 
vides the  best  fit  to  the  N.A.B.  char- 
acteristic. 

Figure  5 shows  the  characteris- 
tic of  a PN-87  type  pickup  cartridge 
connected  across  resistances  of  1.0 
megohms  to  10  megohms.  In  this  in- 
stance, a 5-megohm  termination  re- 
sistance provides  the  most  satisfac- 
tory performance.  (It  should  be 
noted  that  the  100-fyif  capacitance 
of  the  vtvm  leads  has  doubled  the 
effective  generator  capacitance.) 


Where  such  high  termination  resist- 
ance is  not  desirable,  it  is  permis- 
sible to  connect  a 0.0008-microfarad 
capacitor  across  the  PN  pickup. 
This  expedient  results  in  a 15-db 
drop  in  the  output  voltage,  but  good 
performance  can  then  be  obtained 
with  a 1.0  megohm  termination  re- 
sistance or  potentiometer  volume 
control. 

Pickup  input  circuits  of  the  sim- 
ple potentiometer  type  do  not,  in 
general,  provide  completely  satis- 
factory performance,  but  they  can 
be  employed  in  low-cost  sets. 

Lew-Fraqaaacy  Compaaiation 

One  of  the  earliest  circuits  em- 
ployed for  low-frequency  compensa- 
tion in  piezoelectric  pickups  is 
shown  in  Fig.  6.  The  pickup  is 
shunted  by  a series  combination  of 
capacitor  C , and  resistor  Ra.  At  low 
frequency,  R,  is  less  than  the  ca- 
pacitance of  C„  and  therefore  R, 
can  be  neglected.  Co,  C„  and  C,  form 
a capacitive  voltage  divider  which 
reduces  the  low-frequency  response 
evenly  without  frequency  discrim- 
ination. At  higher  frequency,  Xc  < 
R,  and  the  effects  of  the  capacitor 
become  gradually  less  important. 
In  the  design  of  this  circuit,  C,  can 
be  calculated  from  loss  — 20  log 
[1  -I-  (C./C)]  db,  where  C is  the 
sum  of  the  capacitances  of  pickup 
and  cable,  (C„  + C,),  based  upon 
the  desired  low-frequency  loss  R,  is 
adjusted  to  equal  Xc,  at  the  fre- 
quency above  which  compensation 
is  no  longer  desired. 

Because  of  changes  of  capaci- 
tance of  x-cut  rochelle  salt  crystals 
with  temperature,  low-frequency 
compensation  can  vary  several  dec- 
ibles  over  the  temperature  range 
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of  76°  to  90°  F;  however,  if  PN 
crystals  are  used  this  is  not  en- 
countered. On  the  other  hand,  this 
circuit  has  the  advantage  of  not 
being  adversely  affected  by  cable 
capacitance  between  the  parallel 
branch  and  the  volume  control. 

Figure  6 shows  the  Audiotone 
record  response  of  a Shure  PN-87 
pickup  cartridge  connected  to  a net- 
work having  the  indicated  circuit 
components.  Response  of  this  cir- 
cuit matches  well  the  playback  char- 
acteristic of  the  Audiotone  record 
adjusted  to  the  N.A.B.  Standard 
Characteristic. 

Another  low-frequency  compen- 
sating circuit,  introduced  by  the 
writer  several  years  ago  for  use 
with  rochelle  salt  crystal  pickups,  is 
shown  in  Fig.  7.  It  consists  of  a 
parallel  combination  of  a capacitor 
C,  and  a resistor  R,  connected  in 
series  between  pickup  and  volume 
control.  This  circuit  presents  a high 
impedance  to  the  crystal  at  low  fre- 
quency and  therefore  diminishes 
the  effects  of  capacitance-temper- 
ature variations.  In  computing  this 
circuit,  R,  and  ft,  are  treated  as  a 
voltage  divider  at  low  frequency. 
•Xc,  is  then  made  equal  to  R,  at  the 
frequency  above  which  compensa- 
tion is  no  longer  desired.  Stray  ca- 
pacitance C.  and  C,  should  be  kept 
to  a minimum  to  avoid  a shunting 
effect  upon  R,  at  high  frequency. 

By  the  way  of  example,  Fig.  7 
shows  the  response-frequency  char- 
acteristic of  a Shure  P-87  pickup 
employing  a version  of  this  circuit 
in  which  the  network  elements  have 
the  indicated  values.  By  compari- 
son with  the  N.A.B.  Standard 
shown  in  broken  line,  it  is  seen  that 
the  two  are  in  substantial  agree- 
ment. 

Hlfh-Freqmey  CompmtaHoa 

Because  the  recording  character- 
istic varies  from  one  record  to  an- 
other, it  is  not  feasible  to  specify 
with  precision  what  response  is  apt 
to  produce  the  most  faithful  repro- 
duction. As  has  been  pointed  out, 
records  appear  to  produce  best  fidel- 
ity when  the  response  above  1,000 
cps  is  flat  on  a constant  velocity 
basis.  Some  of  the  newer  record- 
ings provide  excellent  results  when 
played  with  a pickup  adjusted  in 
accordance  with  the  N.A.B.  Stand- 
ards. For  maximum  flexibility,  it 
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TABLE  I— PREFERRED  HIGH- 
FREQUENCY  CUT-OFF 


Cut-off 

Non-tech.  Technical  1 

Frequency 

Listeners 

Listeners 

3,000  cps 

71% 

13% 

58% 

5,000  cps 

21% 

above  5,000  cps 

8% 

29% 

appears  best  to  have  a pickup  with 
an  inherent  high-frequency  re- 
sponse somewhat  higher  than  that 
required  by  the  N.A.B.  Standards. 
This  response  can  be  lowered,  if 
necessary,  by  means  of  a conven- 
tional tone  control  circuit  incorpo- 
rated in  later  stages  of  the  ampli- 
fier. 

The  high-frequency  range  most 
acceptable  to  the  listener  is  deter- 
mined, to  a large  extent,  by  sur- 
face noise.  The  surface  noise  en- 
ergy content  for  various  recording 
materials  is  shown  in  Fig.  8‘.  Sur- 
face noise  energy  is  distributed 
over  practically  all  of  the  audible 
range  on  the  basis  of  approximately 
equal  energy  content  per  cycle. 
Therefore,  the  effects  of  surface 
noise  can  be  eliminated  most  easily 
by  removing  the  higher  end  of  the 
frequency  spectrum,  which  contains 
the  most  surface  noise  energy  per 
octave  in  the  range  where  the  ear 
is  most  sensitive  to  low  level  sounds. 

UibHr  Tuts 

Distortion  is  another  factor 
which  has  an  important  bearing 
upon  the  optimum  high-frequency 
cut-off  of  the  pickup.  The  origin  of 
this  distortion  is  (a)  the  relatively 
large  radius  of  needle  tip  required 
to  track  properly  in  conventional 
record  groove',  (b)  distortion  in- 
herent in  the  process  of  duplicating 
commercial  records,  and  (c)  distor- 
tion which  takes  place  in  playback 
equipment.  Distortion  due  to  these 
causes  can  attain  values  as  high  as 
15  to  20  percent  on  a direct  meas- 
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FIG.  8 — Energy  level  per  cycle  el  noise 
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urement  basis  (not  including  in. 
termodulation  effects) . Removal  oi 
response  at  high  frequency  is  in- 
strumental in  reducing  the  annoy- 
ance caused  by  this  type  of  distor- 
tion. 

The  author  has  conducted  a num- 
ber of  tests  to  determine  the  prefer- 
ence of  listeners  to  high-frequency 
cut-off  in  the  reproduction  of  home 
records.  The  tests  were  given  to  100 
non-technical  listeners,  and  to  over 
100  radio  engineers.*  While  a de- 
scription of  these  tests  is  outside 
the  scope  of  this  article,  the  results 
given  in  Table  I,  although  not  con- 
clusive, indicate  that  in  the  repro- 
duction of  home  records,  response 
above  5 kc  exaggerates  the  effects 
of  surface  noise  and  distortion  out 
of  proportion  to  the  improvement  in 
fidelity.  High-frequency  cut-off  can 
be  obtained  through  the  use  of  spe- 
cially designed  needles,  or  it  can 
be  obtained  electrically  with  con- 
ventional low-pass  filters. 

The  situation  is,  of  course,  totally 
different  in  the  reproduction  of 
broadcast-type  transcriptions  pro- 
duced on  low  surface  noise  material 
and  carefully  processed  to  keep  the 
sources  of  distortion  to  a minimum. 

The  author  is  grateful  to  the 
following  persons  for  helpful  dis- 
cussion and  for  information  regard- 
ing response  characteristics:  J, 
Dickert  of  Decca  Records,  Inc.. 
W.  R.  Dresser  of  the  Audio-Tone 
Oscillator  Company ; H.  S.  Knowles 
of  the  Jensen  Radio  Corp.;  V.  J, 
Liebler  of  Columbia  Recording  Cor- 
poration; R.  A.  Miller  of  Bell  Tele- 
phone Laboratories;  A.  A.  Pulley 
and  H.  I.  Reiskind  of  the  Radio 
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Electronic 

WATTMETER 


; Substitution  of  a cathode  follower  for  a transformer  and  use  of  a push-pull  parabolic 
'■  rectifier  provide  a sensitive,  wide-range  electronic  wattmeter  that  is  useful  to  higher 
frequencies  and  loads  the  circuit  less  than  electrodynamic  types 


An  electronic  wattmeter  was 
patented  in  1926  by  Eugene 
Peterson1,  and  although  a few  years 
later  Turner  and  MacNamara  de- 
scribed a phase-shifting  bridge 
adaption  of  this  original  circuit, 
little  real  use  has  been  made  of  the 
principle. 

Difficulties  of  measuring  true 
power  have  led  the  electronic  engi- 
neer to  rely  on  the  substitution  of 
resistive  components  for  reactive 
loads  and  the  estimation  of  power 
from  the  measured  current  or  volt- 
age. However,  continued  expansion 
J of  electronics  into  the  field  of  in- 
; dustrial  engineering,  use  of  high- 
frequency  heating  and  the  increas- 
ingly high  frequencies  used,  for  ex- 
ample, in  airplane  power  systems, 
well  justify  an  investigation  into 
the  properties  and  design  require- 
ments of  the  vacuum-tube  watt- 
meter. 

This  article  will  discuss  the  limi- 
tations of  the  conventional  a-c 
Power  wattmeter  and  will  show  how 
present-day  circuit  techniques  and 
modern  vacuum  tubes  may  be  ap- 
plied to  construction  which  will 
overcome  the  difficulties  of  the  early 
design  and  make  the  vacuum-tube 
i wattmeter  a permanent  and  useful 
tool  of  the  electronic  engineer. 

Advaitaqes  of  Electronic  Wattmeter 

i Average  power  in  an  electrical 
circuit  is  given  by  the  product  of 
| cosf  where  E and  I are  rms 
I*ues  an<*  ® *s  the  phase  angle  be- 
! een  current  and  voltage.  Aver- 
| >8e  power  may  be  measured  by  the 
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power  circuit  engineer  with  an 
electrodynamometer,  an  instrument 
depending  for  its  action  on  the 
average  torque  produced  between 
two  coils  in  which  currents  flow  pro- 
portional to  the  applied  voltage  and 
current.  It  can  be  seen  that  the  in- 
ductance of  the  coils  will  produce 
increasingly  large  errors  as  the  fre- 
quency is  increased  and  that  the 
power  absorbed  by  such  an  instru- 
ment limits  the  sensitivity.  In  ad- 
dition, many  electronic  circuits  will 
be  seriously  disturbed  by  the  intro- 
duction of  such  an  instrument. 

Power  can  be  measured  by  elec- 


tronic voltmeters  and  ammeters  in 
conjunction  with  electronic  phase 
meters  provided  only  single-fre- 
quency, sinusoidal  voltages  and  cur- 
rents are  involved.  Also  slide-back 
wattmeters  can  be  used  where  tubes 
can  only  be  relied  upon  over  a small 
portion  of  their  characteristic. 

Vacuum-tube  wattmeters  may  be 
made  independent  of  frequency  over 
wide  ranges  and,  while  still  retain- 
ing the  advantages  of  high-power 
measurements  by  the  use  of  shunts 
and  multipliers,  can  also  read 
powers  of  the  order  of  fractions  of 
a microwatt  by  the  use  of  suitable 
amplifiers.  The  disturbing  effect 
of  placing  the  electronic  wattmeter 
in  a given  circuit  may  be  reduced 
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to  the  level  that  is  presently  recog- 
nized for  other  electronic  test 
equipment.  Accuracy  of  reading  at 
low  power  factors  becomes  less  of  a 
limitation  and  the  use  of  square- 
law  rectifier  tube  characteristics 
makes  the  electronic  instrument 
almost  completely  free  of  wave- 
form errors. 

Early  Design  and  Theory 

Figure  1 shows  the  original  cir- 
cuit described  by  Peterson,  which 
operates  on  the  principle  of  the  bal- 
anced modulator.  Voltage  and  cur- 
rent components  of  the  load  are  ap- 
plied to  the  tubes  V,  and  V,  and  the 
difference  in  their  plate  current  is 
registered  on  meter  M.  The  voltages 
applied  to  the  grids  add  in  one  case 
and  subtract  in  the  other  so  that 
the  change  in  plate  current  in  tube 
V,  is 

ir  “ oi  (o  + «>)  + <h  («i  + «t)*  (1) 

and  in  tube  V,  is 

i',  = Oi  («1  - ej)  + at  («t  - «»)*  (2) 

The  difference  or  meter  current  is 
it  = 2 ai»t  + 4 Otfie,  (3) 

If  «1  — El  cos  ut  and  = Et  cos  (oil  — 8) 
ip  ~ 2 ai  Ei  cos  ut  -f-  4 at  EiEt  cos  ut  X 
am  (ut  — 8) 

“ 2 at  Ei  cos  at  d-  2 Op  EiEt  X 
[cos  (2  ut  — 8)  4*  cos  0] 

■=  2 Ei  cos  ut  + 2 at  EiEt  X 

cos  (2  ut  — 8)  -f-  2 as  EiEt  cos  8 (4) 

and  neglecting  the  frequency  terms 
whose  average  value  equals  zero. 


tions  may  be  illustrated  by  takinf11 
the  case  for  a 90-degree  phase  difl* 
ference  or  zero  power  factor.  Le#^ 


si  = sin  4 and  ei  = sin  (4  - 90) 
then  si  + si  = sin  4 + sin  (4  - 90) 

— 2 sin  (4  — 45)  coo  45 

- 1 .4  sin  (4  - 45) 


a 

(6)  if. 


d — s,  ---  sin  4 — sin  (4  - 90)  j 

= 2 cos  (4  — 45)  sin  4$  ^ 

=•1.4  cos  (A  — 45)  0) 

It  can  be  seen  that  two  new  con- . t 
ponents  are  introduced  and  that .... 
these  are  of  equal  amplitude,  sep-  s 
arated  by  90  degrees  representing  M 
sine  and  cosine  functions.  These  ^ 
give  equal  changes  in  the  d-c  plate  ^ 
current  of  V,  and  V,  and  thus  there  j 
will  be  no  deflection  of  the 
meter  needle.  Figure  2 shows  *■ 
graphically  the  sum  and  difference 
components  for  in-phase  and  out- 


of-phase  components. 


FIG.  2 — -Response  oi  wattmeter  reading 
to  power  iactor  Is  Illustrated  by  (a)  the 
addition  oi  In-phase  current  and  poten- 
tial wares  giving  a large  resultant 
meter  current,  and  (b)  the  addition  of 
out-oi-phase  components  giving  a sera 
resultant  meter  current 

the  meter  or  d-c  current  is 
is-o  =■  2 at  EiEt  cos  8 (5) 

It  can  thus  be  seen  that  the  elec- 
tronic instrument  will  register  true 
power. 

The  manner  in  which  the  voltage 
and  current  components  add  or  sub- 
tract for  out-of-phase  load  condi- 


New  Circuit 

A modernized  version  of  the 
Peterson  wattmeter  circuit  is 
shown  in  Fig.  8.  The  load  is  sup- 
plied with  power  from  the  gen- 
erator G through  transformer  T, 
in  the  secondary  of  which  is  placed 
a small  resistor  Ri  for  obtaining  a 
small  voltage  component  propor- 
tional to  current.  A component  pro- 
portional to  voltage  is  fed  to  tube 
V*  a phase  inverter  which  supplies 
push-pull  voltages  to  tubes  V.  and  1 
V,. 

Tubes  V„  V,  and  V,  constitute  a 


STABILIZED 
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no.  3 — Modernized  electronic  wattmeter  make.  use  of  cathode  follower  to  ehlft  phase  of  the  potential  component,  and  balance) 
modulator  to  combine  current  and  potential  for  rectification  by  the  parabolic  rectifiers  which  feed  the  Indicating  meter 
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mixer  circuit  which,  by  virtue  of 
the  particular  plate  connections  em- 
ployed and  the  relative  phases  of 
the  plate  currents,  produces  sum 
and  difference  voltages  at  the  grids 
of  pentode  parabolic  rectifiers  V! 
and  V,  proportional  to  voltages  at 
the  input  circuits  of  the  mixer 
tubes. 

This  arrangement  avoids  the  cur- 
rent and  voltage  transformers  of 
Peterson,  gives  greater  frequency 
range,  and  is  readily  adapted  to 
single-ended  circuit  measurements. 
The  advantages  of  using  pentode 
rectifier  tubes  are  brought  out  in 
the  following  paragraphs. 

Parabolic  Tab#  Characteristics 

Considerable  care  is  required  in 
! the  selection  and  operating  condi- 
tions of  the  tubes  V,  and  V,.  For 
true  parabolic  operation  the  first 
derivative  of  the  plate-current, 
grid-voltage  curve  should  be  a 
straight  line.  Thus  the  linearity  of 
" the  transconductance  versus  grid- 
voltage  curve  should  be  used  as  a 
criterion  of  parabolic  rectification 
■ characteristics. 

' The  tube  transconductance  is 
:1:;  given  by  = bijbe,  so  that 
, L d’t,/i>e,*  or  bgm/de,  should  be  linear 
; to  meet  the  above  requirements. 
- Typical  curves  of  grid  voltage  ver- 
' sus  transconductance  for  a typical 
' screen-grid  tube  are  given  in  Fig.  4. 

It  can  be  readily  shown*  that  the 
steady  or  d-c  value  of  the  incre- 
mental  plate  current  M,  of  a para- 
tr  bolic  plate  rectifier  due  to  the  appli- 
r cation  of  a superimposed  a-c  grid 
voltage  \E,  is  given  by 


i* 


(8) 


where  A E,  is  the  peak  value  of  the 
applied  a-c  voltage.  Equation  (8) 
shows  that  the  slope  of  the  trans- 
conductance curve  should  be  steep 
and  that  the  linear  portion  should 
extend  over  the  widest  possible  grid 
range  for  greatest  change  of  plate 
current.  High-conductance  power 
tubes  are  thus  indicated  as  suitable 
for  parabolic  rectifier  applications 
and  will  give  the  greatest  change  of 
plate  current. 


The  importance  of  Eq.  (8)  will 
“e  realized  when  power  factor  is 
|aken  into  consideration.  Assum- 
>ng  equal  inputs  to  the  rectifier 
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FIG.  4 — Traneconductance  ve  grid  roll- 
age  lor  various  value*  of  screen  volt- 
age of  a typical  icrean-grid  tube 


Fig,  S Graphic  method  o!  determining 

the  d-c  change  in  plate  current  due  to 
applied  a-c  grid  potential 


tubes  only  one  tenth  the  meter  read- 
ing for  unity  power  factor  loads 
will  be  obtained  for  0.1  power  factor 
loads.  While  it  would  seem  possible 
to  increase  meter  sensitivity  in- 
definitely to  cover  low  power  factor 
measurements,  tube  microphonics 
and  d-c  stability  limitations  mili- 
tate against  this  alternative. 

Incremental  plate  current  may 
also  be  determined  graphically.  A 
straight  line  RS  is  drawn  on  the 
ije,  characteristic,  connecting  the 
positive  and  negative  peaks  of  the 
applied  voltage  on  the  parabolic 
working  curve  as  in  Fig.  5.  A per- 
pendicular PQ  is  then  dropped  to 
the  working  point  Q of  the  curve. 


One  half  of  the  distance  PQ,  or  OQ, 
is  the  incremental  or  d-c  change  in 
plate  current  for  the  given  a-c  wave 
applied. 

Oarign  Coniidaratlon* 

It  is  apparent  that  V,  and  V, 
should  be  matched  both  statically 
and  parabolically.  Feedback  meth- 
ods to  stabilize  these  characteristics 
are  difficult  to  apply  and  become 
complex  due  to  the  fact  that  the  in- 
put and  output  components  are 
totally  different  in  character:  that 
is,  the  input  is  an  alternating  cur- 
rent and  the  output  is  a d-c  com- 
ponent produced  by  the  non-linear 
characteristics  of  the  tubes. 

One  good  method  of  tube  selec- 
tion is  to  first  choose  tubes  having 
similar  but  not  necessarily  identical 
static  characteristics.  By  applying 
a small  a-c  voltage  the  tubes  can 
then  be  selected  for  parabolic  or 
rectification  characteristics  by  not- 
ing d-c  plate  current  changes. 

Use  of  high-transconductance 
rectifier  tubes  with  large  grid 
swings  gives  considerable  d-c  plate  . 
and  screen  current  variations. 
Voltage-stabilized  sources  thus  be- 
come essential  in  order  to  preserve 
the  linearity  of  the  meter  readings. 
The  advantage  of  using  pentode 
rectifiers  is  that  plate  current  is 
substantially  independent  of  plate 
voltage. 

It  would  seem  that  unlimited  sen- 
sitivity might  be  obtained  by  using 
high  values  of  plate  resistance  R* 
and  R,  and  a sensitive  meter.  How- 
ever, the  rectifier  circuit  and  meter 
may  be  considered  as  a d-c  ampli- 
fier and  so  to  avoid  microphonics 
and  other  circuit  instabilities  the 
overall  d-c  gain  should  be  kept  low. 
The  bias  arrangement  shown  in 
Fig.  3 enables  residual  unbalanced 
components  to  be  eliminated  from 
the  meter  circuit.  Meter  shunts 
can  be  used  to  extend  the  effective 
working  range  and  to  protect  the 
instrument  during  the  warm-up 
period  provided  care  is  taken  not  to 
use  inputs  that  exceed  the  linear 
transconductance  range  of  the  rec- 
tifier tubes. 
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INDUSTRIAL  X-RAY’ 


Survey  of  tubes  used  today  in  plants  for  microradiography  with  low-voltage  beryllium- 
window  types,  x-ray  diffraction  with  types  having  targets  lower  in  atomic  number  than  the 
material  to  be  examined,  and  industrial  radiography  at  50,000  to  2,000,000  peak  volts 


Industrial  x-ray  tubes  have 
greatly  increased  in  number 
and  variety  within  the  present  war 
period.  In  fact,  they  have  received 
from  this  war  as  great  an  impetus 
as  that  which  marked  medical  x-ray 
tube  development  after  World  War 
I. 

Although  the  first  industrial 
x-ray  installation  in  this  country 
was  completed  in  1922,  there  was  a 
long  period  when  such  tubes,  in 
effect,  took  a back  seat  with  respect 
to  the  developments  in  the  field  of 
medical  applications.  During  this 
slow  development  period  when  the 
value  of  x-ray  was  being  proven  for 
industrial  use,  tubes  designed  solely 
for  medical  applications  were  com- 
monly used.  Aside  from  a few  limi- 
tations, these  tubes  adequately  met 
the  industrial  requirements  of  this 
period. 

Within  recent  years  the  great  in- 
crease in  applications  has  brought 
about  a demand  for  tubes  designed 
specifically  for  industry.  As  a re- 
sult, today  there  is  available  a com- 
plete range  of  industrial  x-ray  units 
employing  tubes  from  the  very  low- 
voltage  type  to  the  super-voltage 
tubes  of  one  and  two-million  volt 
capacity.  A brief  description  of 
the  various  designs  of  tubes,  divided 
primarily  as  to  operating  voltage 
and  application,  follows. 

Low-Voltage  Tube,  for 
Microradiography 

With  the  advent  of  beryllium- 
window,  permanently-evacuated  x- 
ray  tubes,1  developed  primarily  for 
diffraction,  low- voltage  radiography 
became  a practical  tool.  This  field 
covers  radiography  of  thin  sections 
that  can  be  magnified  to  produce  a 
microradiograph,  and  radiography 
of  thin  spot-weld  structures  such 
as  airplane  aluminum  wing  sections 


viewed  directly  or  at  low  magnifi- 
cation. 

Microradiographs  can  be  success- 
fully magnified  to  200  to  400  diame- 
ters. The  limiting  factor,  of  course, 
is  the  film  emulsion  itself.  Ordinary 
radiographic  films  are  too  grainy 
and  only  suitable  for  low  magnifica- 
tions up  to  15  to  20  diameters.  The 
first  successful  emulsion  usable  for 
this  work  was  the  Lippman  emul- 
sion, which  essentially  was  a non- 
grain material.  Within  recent  years 
the  Eastman  Kodak  Co.  has  devel- 
oped Type  UO  film  and  plate  suit- 
able for  magnification  up  to  50 
diameters.  The  type  548-0  emulsion 
can  be  used  with  magnifications 
well  over  200.  Figure  1 is  a micro- 
radiograph enlarged  250  diameters 


FIG.  1 — Microradiograph,  enlarged  2S0 
times,  of  high-temperature  cast  iron 
alloy.  The  lighter  areas  are  of  higher 
x-ray  density 

of  high-temperature  cast  iron  alloy. 
Lighter  areas  are  of  higher  x-ray 
density. 

There  are  basically  two  different 
methods  used  in  interpreting  micro- 
radiographs. The  most  common 
method3  is  simply  to  use  the  differ- 
ences in  absorption  of  the  various 
arrangements  of  crystals  or  ele- 


ments in  the  thin  section  as  exag- 1 
gerated  by  long-wavelength  x-rays.  [ 
The  second  method*  is  based  on 
characteristic  absorption  discon- 
tinuities of  the  various  elements  , 
which  compose  the  substance  being  i 
radiographed.  j 

Interpretation  of  Mlcreradiographs  j 

In  the  first  method  a tungsten 
target  usually  is  desired  because  it  , 
gives  the  maximum  intensity  of  ra-  j 
diation.  For  a given  x-ray  tube  cur-  j 
rent  the  efficiency  of  total  radiation 
produced  is  a linear  function  of  the 
atomic  number.  Copper  or  other 
low-atomic-number  targets  are 
usable  for  this  work,  but  the  ex- 
posures required  are  about  21  times 
as  long  as  those  for  tungsten. 

In  the  second  method,  character- 
istic radiation  is  required  which 
makes  possible  the  accentuation  of 
the  contrast  to  bring  out  small  in- 
clusions that  might  not  otherwise 
be  discernible.  Going  even  farther, 
by  proper  selection  of  the  target 
material  with  respect  to  the  crit- 
ical absorption  coefficient  of  the 
suspected  element  the  method  can 
be  used  to  determine  an  unknown. 
The  target  selection  for  this  tech- 
nique should  be  two  or  three  atomic 
numbers  higher  in  the  periodic 
chart  than  the  unknown  being 
sought.  This  calls  for  considerable 
compromise  and  can  become  a real 
headache  for  the  x-ray  tube  de- 
signer who  is  required  to  provide 
the  necessary  numerous  target  ma- 
terials. For  example,  this  method 
has  been  proposed  to  identify  and 
locate  the  iodine  secreted  in  a 
goiter.  Iodine,  having  atomic  num- 
ber 63  with  a critical  absorption  co- 
efficient of  0.37344  angstrom  units 
calls  for  lanthanum,  57,  or  cerium, 
58,  for  a target.  Since  neither  can 
be  used  in  modern  permanently 


136 


November  1945  — ELECTRONICS 


Digitized  by  LnOOQle 


TUBES 


By  Z.  J.  ATLEE 

Chief,  Vacuum  Tube  Engineering  Dept. 
General  Electric  X-ray  Corporation 
Chicago,  Illinois 


evacuated  tubes,  a compromise 
would  have  to  be  made  by  going  up 
to  the  first  possible  practical  target 
above  iodine  in  atomic  number. 
This  would  be  tantalum,  73. 

Recently  another  technique  made 
possible  by  these  low-voltage  tubes 
has  been  developed1’ ”.  This  is 
chemical  analysis  by  x-ray  absorp- 
] tion  using  a comparative  method. 
A phototube  of  the  secondary  elec- 
tron multiplier  type,  a sensitive 
x-ray  fluorescent  screen  to  produce 
light  of  a wavelength  to  affect  the 
phototube,  and  the  low-voltage 
x-ray  source  are  the  essential  parts 
of  this  system.  The  cell  of  unknown 
material  can  have  a wide  variety  of 
shapes  and  include  substances  in 
all  forms,  as  gases,  liquids,  or  solids. 

Figure  2A  illustrates  a beryl- 
lium-window tube  for  this  class  of 
work.  It  has  a large-diameter  beryl- 
lium window  to  give  adequate  cov- 
erage, and  it  can  be  operated  at 
voltages  from  as  low  as  one  or  two 
hvp  (kilovolts  peak)  up  to  a maxi- 
mum of  50  kvp  oil-immersed.  When 
oil-immersed  the  mounting  is  made 
m such  a manner  that  there  is  no 
oil  absorption,  the  beryllium  being 
exposed  directly  to  air. 


I 


Targets  for  X-ray  Diffraction 

Tubes  for  x-ray  diffraction  are 
essentially  in  the  low-voltage  classi- 
fication described  above  and,  as  ex- 
plained, preceded  them  in  develop- 
ment. Here  characteristic  radiation 
■s  the  sole  interest.  The  total  white 
radiation  produced  is  a nuisance 
snd  many  different  mechanisms  are 
employed  to  eliminate  it.  The  oper- 
ating  voltage  required  ranges  from 
20  to  70  kilovolts,  with  most  work 
it*  I done  in  the  range  of  25  to  42  kvp. 
I The  essential  requirement  in  volt- 
J age  *8  that  it  be  above  the  minimum 
exact  value  that  excites  the  charac- 
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Radiographing  an  aluminum  casting  with  x-ray  tube  head  employing  the  140- 
kvp  tube  shown  in  Fig.  2D.  Connections  to  the  high-voltage  transformer  at  the 
right  are  made  with  shockproof  cable 


teristic  radiation  and  not  high 
enough  to  give  so  much  white  radia- 
tion that  the  characteristic  lines  are 
covered  up. 

Different  wavelengths  of  radia- 
tion are  required  to  provide  suitable 
measuring  sticks"' 1 for  the  infinite 
variety  of  materials  being  studied 
by  x-ray  diffraction.  This  has 
meant  a demand  for  targets  of  dif- 
ferent atomic  numbers,  ranging 
from  tungsten  with  an  atomic  num- 
ber of  74  down  to  chromium  with 
an  atomic  number  of  24.  This  di- 
versity has  meant  considerable  work 
for  the  x-ray  tube  designer  in  that 
targets  of  metals  such  as  cobalt, 
chromium,  etc,  have  not  been  eas- 
ily fabricated  into  the  necessary 
target  shapes  and  purity. 

Chromium  target  tubes  are  being 
made  today  by  electroplating  onto 
the  copper  anode.  Such  electro- 
plated targets  also  have  the  advan- 
tage of  higher  rating  over  a solid 
block  type  of  target,  being  thin 
layers  on  the  high-conductivity  cop- 
per backing.  Purity  of  metal  in  the 


target  is  important  because  impur- 
ities will  give  their  characteristic 
radiation  lines  in  the  spectrum  and 
thus  confuse  the  interpretation  of 
the  diffraction  pattern.  It  is  pos- 
sible for  an  impurity  of  as  little  as 
one  part  in  ten  thousand  to  give  a 
line  strong  enough  to  result  in  mis- 
interpretation under  certain  con- 
ditions. If  it  were  not  for  the  diffi- 
culty of  making  samples  into  tar- 
gets for  such  an  x-ray  tube,  this 
method  could  be  used  for  chemical 
analysis.  As  a method,  of  course,  it 
could  not  compete  with  spectro- 
scopy either  from  a standpoint  of 
sensitivity  or  convenience. 

Beryllium-Window  Tube,  for  Diffraction 

An  accepted  type  of  tube  for  dif- 
fraction is  of  a two-port  construc- 
tion with  beryllium  windows  as 
shown  in  Fig.  2B.  This  tube  is 
made  as  a standard  production  item 
in  seven  different  targets— tung- 
sten, molybdenum,  copper,  nickel, 
cobalt,  iron,  and  chromium.  In  ad- 
dition, for  special  orders  it  has  been 
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supplied  in  silver,  columbium,  zir- 
conium, germanium,  manganese, 
and  titanium.  Vanadium  has  been 
requested  and  is  definitely  a desir- 
able target  material  for  some  spe- 
cific applications.  Unfortunately,  as 
yet  the  metal  has  resisted  all  at- 
tempts to  make  it  into  a successful 
target.  Success  with  titanium  has 
been  very  poor  and  only  one  or  two 
experimental  tubes  have  been  made 
to  date. 

The  demand  is  for  long-wave- 
length radiations.  The  only  way  to 
accomplish  this  is  with  lower  atomic 
number  targets,  and  the  question 
is  just  how  far  it  is  possible  to  go. 
With  sealed-off  types  of  tubes  prob- 
ably the  lowest  atomic  number  ma- 
terial in  a commercial  tube  will  be 
titanium,  atomic  number  22.  Scan- 
dium, atomic  number  21,  is  a rare 
earth  unavailable  as  a target  mate- 
rial except  possibly  for  a research 
project. 

Recent  attempts  to  make  a cal- 
cium (atomic  number  20)  target 
tube  show  that  it  will  not  be  pos- 
sible in  a sealed-off  commercial  type 
of  tube.  An  experimenter  working 
with  a demountable  tube  on  con- 
tinuous exhaust  equipment  could 
probably  utilize  it  as  a target.  Be- 
low atomic  number  20,  the  choice 
becomes  slim  indeed.  Silicon, 
atomic  number  14,  would  be  the  first 
possible  choice.  Its  characteristic 
K alpha  radiation  is  7.111  ang- 
stroms, which  would  be  absorbed 
completely  in  a beryllium  window 
only  a few  mils  thick.  For  such  long 
wavelengths  the  target,  specimen, 
and  diffraction  camera  will  all  have 
to  be  housed  in  the  same  vacuum. 

Recently  x-ray  diffraction  has 
been  greatly  enhanced  by  the 
successful  development  of  a Geiger- 
counter  type  of  continuous  record- 
ing spectrometer.’  It  can  be  pre- 
dicted that  this  type  of  unit  will 
branch  out  into  several  different 
forms  requiring  specific  tube  de- 
signs to  meet  the  equipment  design. 

Radiographic  Law-Voltage  Tabai 

X-ray  tubes  for  industrial  radiog- 
raphy at  voltages  from  50  to  150 
kvp  have  not  received  too  much  spe- 
cial attention  from  the  designer.  In 
general,  tubes  used  in  medical 
roentgenography  and  therapy  have 
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been  employed  with  little  modifica- 
tion. This  has  been  particularly 
true  for  voltages  up  to  100  kvp 
which  is  today  the  maximum  for 
medical  roentgenography.  Every 
tube  manufacturer  has  a dozen  or 
more  types  of  tubes  suitable  for  the 
application.  Small  self-contained, 
self-rectified  units  are  available  in 
many  forms.  In  general  they  are 
all  that  is  required  for  low-voltage 
industrial  radiography. 

Figure  2C  shows  a small  self- 
rectified  tube  with  85  kvp  top  kilo- 
voltage  rating  and  15  to  25  ma  cur- 
rent rating,  with  a 1.7-mm  line 
focus.  This  tube  meets  all  of  the 
present  requirements  for  voltages 
of  this  order.  Higher-current  diag- 
nostic tubes  have  never  been  used 
industrially  since  there  has  been 
no  need  to  make  fractional-second 
exposures.  In  the  medical  field,  mo- 
tion of  the  patient  has  required 
split-second  speed  in  the  radiograph 
to  arrest  motion — the  same  reason 
high-speed  exposures  are  required 
in  photography.  This  has  brought 
about  high-current  tubes  with  small 
focal  spots,  as  ideally  accomplished 
in  the  rotating-anode  tubes  which 
are  now  in  widespread  use  by  the 
roentgenologist. 

Rotatlng-Aaoda  Tabes 

Rotating-anode  tubes  are  not 
used  industrially  today.  It  is  very 
unlikely  that  any  use  will  be  found 
for  the  present  type  of  rotating- 
anode  tube  other  than  in  medical 
work.  Incorporation  of  rotating 
anodes  in  high-voltage  x-ray  tubes 
to  provide  for  small  focal  spots  is  a 
possibility,  but  at  present  it  does 
not  seem  to  go  beyond  being  just 
that. 

In  the  diffraction  field,  rotating- 
anode  types  of  tubes  may  some  day 
be  a reality  because  small  focal  spot 
loadings  are  limited  even  with  cir- 
culating coolant,  particularly  with 
targets  of  low  melting  point  and 
poor  conductivity.  Diffraction  tubes 
require  continuous  loadings,  mak- 
ing the  present  form  of  medical  ro- 
tating anode  of  no  particular  value. 
The  tube  will  probably  have  to  be 
operated  on  the  vacuum  pump  and 
have  a relatively  tight  vacuum 
bushing  to  be  able  to  bring  circu- 
lating coolant  to  the  anode.  A tube 


of  this  type  was  made  quite  some 
years  ago  by  Mueller  in  England.’ 
Rcently  a rotating-anode  diffrac- 
tion tube  has  been  described  by  Mc- 
Arthur, University  of  Leeds,  Eng- 
land.” A mercury-oil  liquid  seal  is  - 
described,  credited  to  Astbury,  op- 
erating at  the  relatively  low  speed 
of  620  rpm.  | 

Recently  a rotating-anode  seal  I 
has  been  made  with  a metal-oil  seal-  P 
ing  surface  that  has  operated  satis- 
factorily at  3000  rpm. 

Tabai  far  100  to  150  Kllovolh 

Above  100  kilovolts,  the  present 
ceiling  for  medical  roentgenog- 
raphy, we  begin  to  arrive  at  oper- 
ating requirements  in  industry  that 
made  necessary  the  design  of  tubes 
specifically  for  industrial  use.  How- 
ever, up  until  recent  years  the 
range  of  voltage  from  100  to  150 
kv  has  been  handled  industrially  by 
the  medical  superficial  therapy  class  : 
of  tube.  Tubes  in  this  range  have 
been  essentially  of  low-voltage  de- 
sign, with  sufficient  increase  in  di- 
mensions to  operate  60  kv  higher. 
Essentially  continuous  loadings  are 
required  at  low  currents  of  five  to 
10  ma.  In  general,  these  tubes  are 
made  in  shockproof  casings  with 
high-voltage  cables  to  the  generator 
as  used  for  low-voltage  tubes.  The 
casing  and  tube  are  cooled  by  tap 
water,  oil  cooler,  or  fans.  One  of 
the  tubes  used  in  a shockproof  cas- 
ing for  140-kv  industrial  equipment  , 
is  shown  in  Fig.  2D.  A similar  de- 
sign of  equipment  has  been  made  . 
for  voltages  as  high  as  220  kvp,  ; 
but  this  is  the  maximum  because  , 
of  the  cables.  , 

High-Voltage  Tabai 

Above  150  kilovolts  we  enter  the 
higher-voltage  range  which  is 
usually  thought  to  start  at  200 
kilovolts.  As  pointed  out  in  the  be- 
ginning, this  is  the  start  of  the 
deep-therapy  range  for  which  a 
well-developed  commercial  line  of 
tubes  has  been  available  for  many 
years.  These  tubes  met  the  indus- 
trial requirements  in  all  but  one 

very  important  consideration— that 

of  focal  spot  size.  In  therapy  wor't 
a beam  of  radiation  bathes  the  pa- 
tient just  as  it  would  for  ultraviole 
treatment,  so  the  source  of  medical 
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The  therapy  tubes  with  large 
round  or  elliptical  focal  spots  10  to 
20  mm  in  diameter  were  used  in  the 
early  days  of  industrial  radiog- 
raphy and  were  at  best  only  a poor 
compromise.  By  working  at  long 
distances,  of  course,  they  did  give 
satisfactory  radiographs.  Gradu- 
ally the  size  of  therapy-tube  focal 
spots  was  brought  down  to  8 to  10 
mm  diameter  to  help  in  radiog- 
raphy. 

It  has  been  only  within  the  last 
five  years  that  line  focus  tubes  with 
5-mm  projected  focal  spots  and  20- 
degree  targets  have  been  made 
available  for  exclusive  iuse  in  in- 
dustrial radiography.  Some  sacri- 
fice in  the  therapy  tube  life  was 
made  by  attempting  to  reduce  the 
focal  spot  size  so  that  they  are  now 
made  in  the  former  20-mm  size  of 
spot.  Figure  2E  shows  the  modern 
self-rectified  250-kilovolt  tube  with 
oil  circulation  and  hooded  anode 
construction.  This  same  tube  is 
made  with  two  different  focal  spots, 
20-mm  round  focus  for  therapy 
with  250  kvp  and  15  ma  continuous 
rating,  and  5-mm  line  focus  with  * 
250  kvp  and  10  ma  intermittent- 
duty  rating  compatible  with  the 
Tadiographic  exposure  times  needed. 


400- Kilovolt  Tobo 


FIG.  Example*  of  modem  Indue  trial  x-ray  tubee.  (A)  Tunqeten-faiqet  dif- 
i ruction  tube  with  Vi-inch  beryllium  window:  (B)  Two-port  beryllium-window 
diffraction  tube,  in  which  the  porte  resemble  black  button!  fueed  into  the  qlaee 
envelope;  (C)  SmaU  eelf-roctifled  tube  for  85-kvp  operation:  (D)  X-ray  tube  ueed 
In  140-kvp  Oll-lmmereed  head:  (E)  Self-rectified  hooded-anode  llne-focue  tube 
for  250- kvp  operation;  (F)  X-rcry  tube  ueed  in  400-kvp  unit  for  eeU-rectiiied 
operation  now  made  only  with  line  focue  but  with  five  typee  of  fittlnqe 


idiation  need  not  be  small.  For 
hadow-pietures,  ports  and  cones 
'hich  limit  the  radiation  to  the 
rea  being  treated  are  not  required. 


Of  course,  for  industrial  radiogra- 
phy it  is  desirable  to  approach  a 
point  source  as  far  as  practical,  to 
get  the  desired  detail. 


Above  250  kvp  various  models  of 
tubes  have  been  made  for  300  kilo- 
volts and  higher  because  of  the  in- 
dustrial demand  for  radiographing 
greater  thickness  of  steel.u  These 
models  were  made  obsolete  by  the 
successful  development  of  a 400- 
kilovolt  tube12  for  such  use  that  has 
had  a very  wonderful  record  in 
medical  therapy  and  industrial  ra- 
diography since  1935.  At  first  it 
was  energized  from  various  forms 
of  generators  to  give  a constant  or 
unipotential  voltage.  The  tube  was 
housed  in  a separate  oil  tank  or  an 
air  drum,  or  in  some  cases  in  the 
same  cumbersome  tank  with  the 
high-voltage  generator  and  keno- 
trons.  In  1939  it  was  redesigned 
to  operate  self-rectified,  making 
possible  a practical  single-package 
high-voltage  x-ray  unit. 

At  first  this  tube  was  made  only 
with  round  focus  for  both  medical 
and  industrial  applications.  As  the 
industrial  demand  exceeded  the 
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medical  it  was  redesigned  in  line 
focus  and  is  today  made  only  in 
line  focu3  for  all  applications.  This 
is  possible  because  the  rating  has 
been  limited  to  5.0  ma  at  400  kvp 
for  all  types  of  generators.  Today 
this  one  tube  is  supplied  with  five 
different  types  of  fittings  to  operate 
in  the  obsolete  type  of  generators 
as  well  as  the  self-contained,  self- 
rectified  unit  of  present  manufac- 
ture. This  tube,  as  shown  in  Fig. 
2F,  was  for  a number  of  years,  and 
until  the  advent  of  the  present  mil- 
lion-volt  tube,  the  largest  and  high- 
est-voltage  permanently-evacuated 
x-ray  tube  made. 

No  commercial  permanently-evac- 
uated x-ray  tubes  have  as  yet  been 
made  for  voltages  between  400  and 
the  now  well  established  million- 
volt  type  of  tube.  Before  andt 
throughout  the  period  when  the 
400  kvp  tube  was  the  highest  volt- 
age type  available,  various  therapy 
installations  were  made  for  voltages 
from  600  to  1000  kvp  and  higher, 
with  demountable  tubes  operated 
on  the  exhaust  system  continu- 
ously.” It  is  significant  that  none 
. of  these  installations  was  made  for 
industrial  radiography.  The  reason 
is  quite  apparent  when  you  consider 
their  size  and  lack  of  mobility. 

The  first  million-volt  industrial 
installation  was  made  using  the 
type  of  unit  developed  in  the  Gen- 
eral Electric  Research  Laboratory 
for  medical  therapy"  but  with  the 
pumping  equipment  mounted  on  the 
tank  to  give  some  small  degree  of 
mobility.  It  operated  successfully 
until  the  development  of  the  present 
unit  incorporating  the  sealed-off 
type  of  tube.  As  a matter  of  fact, 
the  physical  dimensions  of  the  de- 
mountable tube  were  made  so  closely 
approaching  the  present  sealed-off 
type  that  it  had  little  to  offer  in 
ruggedness  over  the  present  tube. 

Mlllloa-Volt  X-ray  Tabas 

The  tube  for  million-volt  indus- 
trial radiography  is  an  eleven-sec- 
tion tube  operated  self-rectified 
inside  a 180-cycle  resonant  trans- 
former, with  freon  gas  as  the  di- 
electric.1' Nearly  fifty  of  these  tubes 
are  in  operation  daily  in  industrial 
installations,  and  they  are  making 
important  contributions  to  the  war 
effort.  Only  one  unit  of  this  type  is 
in  use  medically,  at  Walter  Reed 


Hospital  in  Washington,  D.  C. 

The  SMS-1000  tube  (abbrevia- 
tion of  Sealed-off  Multi-section 
1000  kvp)  has  a round  focal  spot  of 
three  different  values  depending  on 
the  operating  current.  For  best  pos- 
sible radiographic  detail  where  a 
great  distance  cannot  be  employed, 
the  focal  spot  is  focused  to  a small 
spot  about  5.0  mm  in  diameter  by 
the  focusing  coil  and  the  current 
rating  is  limited  to  0.1  ma.  An  in- 
termediate current  rating  of  1.0 
ma  is  given  with  a focal  spot  about 

7.0  mm  in  diameter.  Full  rating  of 

3.0  ma  at  1000  kvp  is  given  with 
the  focal  spot  about  10  mm  in  di- 
ameter. 


Two-Mlllioa-Volt  Tab* 

With  million-volt  x-rays  8 inches 
is  the  maximum  thickness  of  rolled 
steel  plate  that  can  be  radiographed 
with  a two-hour  exposure.  The  war 
has  brought  about  a demand  for  ra- 
diography of  steel  even  thicker  than 
this  with  shorter  exposure  times. 
In  1944  a two-million-volt  tube  and 
unit  were  developed”  along  the  lines 
of  the  million-volt  equipment  il- 
lustrated. Figure  3 gives  the  physi- 
cal size  comparison  of  the  two  tubes. 
The  two-million-volt  tube  is  nearly 
nine  feet  long  which  probably  is 
the  maximum  length  that  such  a 


FIG.  3- — Comparison  oi  1.000.000  (MO 
and  2.000.000  (right)  kvp  industrial 
x-ray  tubas 


tube  will  ever  reach.  Possibly  three- 
or  four-million-volt  tubes  will  be 
built  along  similar  lines,  but  they 
will  not  be  any  picnic  for  the  x-ray 
tube  builder.  The  present  two-mil- 
lion-volt  tube  in  the  horizontal  po- 
sition, supported  by  the  anode,  de- 
flects more  than  i inch  at  the  cath- 
ode end.  Special  carrying  trays  had  L 
to  be  made  to  carry  the  tube  around 
the  factory  during  construction. 

There  is  speculation  as  to  what 
the  next  step  above  voltages  of  i 
three  or  four-million  will  be  either  i 
for  industrial  or  medical  applies-  I 
tions.  It  is  certain  that  it  will  not 
be  with  tubes  of  the  design  de- 
scribed above.  The  induction  elec-  j 
tron  accelerator”,  now  popularly  J, 
referred  to  as  the  betatron,  may  be 
the  answer.  Successful  operation  - 
has  been  reported  with  such  devices 
at  from  20  to  100  megavolts,  but  as 
yet  radiographic  results  have  not 
been  reported. 
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FIG.  1 — Simplified  diagram  of  six-tube 
receiver  used  as  example  in  illustrating 
procedure  for  setting  sensitivity  control 
limits  for  production-line  tests 


Sensitivity  Limits  in 
RADIO  MANUFACTURING 


Statistical  procedure  for  determining  economical  sensitivity  limits  of  receivers  coming  off 
a production  line,  and  use  of  a preselected  average  set  of  tubes  to  determine  if  rejection 
of  a receiver  is  due  to  circuit  trouble  or  to  an  unfortunate  combination  of  tubes 


Even  with  the  most  careful  con- 
trol in  manufacture  the  per- 
formance of  finished  radio  receivers 
of  a given  design  will  vary.  The 
performance  can  be  described  in 
terms  of  various  operating  charac- 
teristics such  as  the  selectivity, 
sensitivity,  maximum  power  out- 
put, avc  action,  and  distortion  (us- 
ing the  terms  in  a very  general 
sense).  These  characteristics  are 
not  independent  of  one  another,  nor 
are  they  all  of  the  same  importance. 

The  present  discussion  directs  at- 
tention to  the  sensitivity  alone,  de- 
fining it  in  terms  of  microvolts  in- 
put to  give  a stated  output  (in 
, watts  or  in  volts).  The  sensitivity 
i will  vary  from  one  receiver  to  an- 
| other,  and  the  question  arises  as  to 
I how  much  variation  should  be  ex- 
I Pected  or  allowed.  This  question 
can  be  answered  through  straight- 
I forward  statistical  analysis. 

[ Suppose  we  consider  a more  or 
I kss  conventional  six-tube  receiver 
as  indicated  in  Fig.  1.  Here  there 
are  at  least  eleven  variable  factors 
in  the  circuit  which  will  affect  the 
overall  sensitivity — the  nine  gain 
factors  /*»/«*  jj*  ...  * t,  of  the  coup- 
ing  circuits  and  tubes,  the  coup- 
•>ng  resistor  R,  and  the  B supply 
voltage. 
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In  the  course  of  manufacture  and 
assembly  of  receivers,  suppose  that 
each  of  the  above  eleven  factors  var- 
ies ±10  percent.  The  total  overall 
gain  of  the  receiver  (its  sensitivity) 
might  then,  if  we  happen  to  get  all 
low-value  factors  together  first  and 
all  high-values  factors  next,  vary  in 
the  ratio  of  (l.l/0.9)u  and  give  a 
range  of  over  9 to  1 in  sensitivity. 

Standard  Deviation  Unit 

It  will  now  be  shown  that  the 
principle  just  used,  taking  all  the 
possible  maximum  and  minimum 
limits  for  determining  the  limits 
of  a complete  assembly  of  parts,  is 
not  economically  justified.  It  will 
also  be  shown  how  proper  economic 
limits  may  be  specified. 

If  the  gain  factor  (the  mutual 
conductance  g of  a large  number 
of  supposedly  identical  vacuum 
tubes  is  measured,  it  will  be  found 
that  there  is  a certain  distribution 
of  high,  low,  and  intermediate 
values.  Under  commonly  existing, 


controlled  conditions  of  manufac- 
ture, the  distribution  will  follow 
the  normal  or  Gaussian  law  typified 
by  the  curve  of  Fig.  2.  About  68 
percent  of  all  values  of  g„  will  be 
within  ±1  standard  deviation  s 
from  the  average  value,  about  95 
percent  within  ±2  standard  devi- 
ations 2s,  and  99.73  percent  within 
±3  standard  deviations  3s  from  the 
average. 

The  standard  deviation  s is  a sta- 
tistical measure  of  dispersion  and 
by  formula  is  the  square  root  of  the 
average  of  the  squared  differences 
from  the  arithmetic  mean 


where-  n is  the  number  of  observa- 
tions and  X is  the  arithmetic  mean 
of  the  n observations.  The  same 
sort  of  thing  will  happen  for  such 
other  circuit  elements  as  coils,  re- 
sistors and  capacitors  if  measure- 
ments are  made  of  Q,  R,  or  C. 

Tuba-Picking  Probabilities 

To  go  back  to  the  vacuum  tubes, 
suppose  the  average  mutual  con- 
ductance value  of  a certain  kind  of 
tube  is  specified  as  1,000  micro- 
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mhos.  If  a lot  of  say  100  of  these 
tubes  is  measured,  it  will  be  found 
that  the  average  value  is  very 
closely  1,000  micromhos.  The  stand- 
ard deviation  s,  when  calculated, 
may  be  10  micromhos.  This  means 
then  that  if  we  pick  out  tubes  at 
random  from  a large  lot  we  can  be 
quite  sure  of  not  getting  more  than 
about  15  in  10,000  tubes  having  gm 
greater  than  1,000  + 3s  = 1030 
micromhos,  and  no  more  than  15  in 
10,000  with  g„  less  than  970  mi- 
cromhos. 

With  this  low  probability  of  pick- 
ing a tube  having  either  extremely 
high  or  extremely  low  gain,  the 
chances  of  ever  getting  a combina- 
tion of  say  5 such  tubes  into  one  re- 
ceiver, all  having  highest  gain  or  all 
having  lowest  gain  in  a given  com- 
bination, is  exceedingly  remote  in- 
deed. The  fallacy  of  setting  per- 
formance limits  of  the  assembled 
receiver  on  the  basis  of  separately 
adding  maximum  and  minimum 
limits  of  component  parts  is  there- 
fore obvious.  One  would  expect  al- 
most all  receivers  to  give  perform- 
ance very  far  within  the  extreme 
limits  that  such  a calculation  shows. 

Suppose  that  coils,  transformers, 
resistors,  voltages,  etc  are  held  sub- 
stantially constant  so  that  receiver 
sensitivity  is  only  affected  by  the 
tubes,  and  suppose  there  are  re 
stages  of  these  producing  average 
stage  gains  ot  p„  p*  p*  ...  p.  de- 
cibels with  standard  deviations  of 
gain  from  each  of  the  average 
values  of  s„  s„  s„  . . . s»  decibels. 
Then  for  the  combination  of  n tubes 
the  value  of  average  overall  gain  is 

P = M + Pt  + Pi + Pn  db  (2) 

and  the  standard  deviation  of  this 
overall  gain  is 

**  = Vj,5  + *’+«.*  + »„>  db  (3) 

The  limits,  then,  of  overall  gain  p 
between  which  we  may  expect  to 
find  all  receivers  except  about  3 in 
1000  are  p + 3s,,  and  p — 3s„. 

Equation!  for  Eqaal  Stag*  Galai 

As  a simple  special  case  to  illus- 
trate the  point  of  the  discussion  let 
us  suppose  that  the  individual  stage 
gains  (average)  are  all  the  same 
( Pi)  and  that  each  has  the  same 
standard  deviation  s„  Then  Eq.  (3) 
becomes  sB  = s.Vre,  and  99.73  per- 
cent of  all  receivers  will  show  gains 
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between  the  limit  values  n p,  + 
3s,\/re,  and  re  u,  — 3s,\/re. 

Had  we  followed  the  plan  de- 
scribed earlier  of  finding  these  lim- 
its from  the  3s  limits  of  each  stage, 
the  overall  limit  values  would  obvi- 
ously have  been  re  fi,  + 3 s.re  and 
n p^  — 3s, re,  which  is  a variation 
from  overall  average  gain  Vre  times 
as  great.  The  extreme  case  where 
all  tubes  are  on  the  low  side  or  all 
on  the  high  side  may  of  course  hap- 
pen, but  the  point  is  that  the  proba- 
bility of  it  happening  is  extremely 
small.  The  situation  is  shown  in 
Fig.  3 for  four  stages  (re  = 4). 

Practical  Application 

An  important  practical  question 
that  arises  is,  “In  the  quantity  pro- 
duction of  radio  receivers  of  a given 
type,  what  high  and  low  limits  shall 
be  established  for  sensitivity  such 
that  within  these  limits  we  can  be 
sure  that  variations  in  sensitivity 
are  due  solely  to  normal  variations 
in  tubes?”  The  procedure  is  as 
follows : 

(1)  Select  a receiver  of  the  type 
to  be  dealt  with  which  is  known  to 
be  normal  (although  perhaps  not 
exactly  average)  in  regard  to  its 
component  parts,  wiring,  etc.,  and 


FIG.  2 — -Variations  in  mutual  conduct- 
ance values  of  supposedly  identical 
tubes  follow  the  normal  or  Gaussian 
distribution  curve  shown  here 


FIG.  3 — -Variation  in  overall  sensitivity 
of  four  stages  having  equal  gain.  The 
maximum  limit  is  twice  the  probable 
limit  for  four  stages 


allow  it  to  come  up  to  operating  *- 
temperature  with  a random  lot  ol  , 
proper  type  tubes  in  the  sockets.  1 

(2)  Take  successive  readings  ol 
sensitivity  (pv  input  for  standan 
output)  for  say  100  different  tube!  , 
inserted  in  socket  No.  1.  These,  foi  - 
example,  could  be  100  different  type  -- 
6K7  r-f  amplifier  tubes  taken  at 
random  from  stock. 

(3)  Calculate  the  average  sensi- 
tivity Xi  (pv)  of  the  100  readings 
and  the  standard  deviation  s,  in  gv, 

(4)  Insert  in  socket  No.  1 a 
tube  which  produces  this  average 
value  of  sensitivity,  and  leave  it  - , 
there. 

(5)  Take  successive  readings  of  j 
overall  sensitivity  for  100  different  xnK 
tubes  of  the  required  type,  inserted  ■ 
one  after  the  other  in  socket  No.  2.  — 
Again  calculate  average  value  of  i 
sensitivity  X,  of  these  100  readings  • 
and  the  new  standard  deviation  s„ , 

(6)  Insert  in  socket  No.  2 a tube  _ 

which  gives  this  average  overall 
receiver  sensitivity,  and  leave  it 
there.  - 

(7)  Repeat  for  each  successive  • 
socket  until  all  sockets  are  equipped 
with  average  tubes. 

(8)  Measure  sensitivity  X.  (mi- 
crovolts) of  the  receiver  with  the 
tubes  in  the  sockets  which  have 
thus  been  selected  as  being  average 
tubes. 

(9)  Calculate  the  expected  stand- 

ard deviation  in  sensitivity  s<  of  | 
the  receiver  with  randomly  chosen  , 
tubes  in  production  from  I 

».  = x.  V («,/*,)« + (*/*«)*  + ■ • • ■ (*■/*•)’  * 

(10)  Set  sensitivity  limits  for  j 
normal  tube  variations  at  Xn  + 3s'  ; 
and  X » — 3s,  pv. 

Six-Tab*  Set  As  Example 

Suppose  that  sensitivity  limits 
are  required  for  a six-tube  set  with 
the  following  tube  complement:  (1) 
r-f  amplifier;  (2)  converter;  (3) 
i-f  amplifier;  (4)  detector-first 
audio;  (5)  output;  (6)  rectifier. 

As  the  first  step  in  the  procedure, 
sensitivity  is  measured  in  micro- 
volts  at  the  antenna  and  ground 
input  terminals,  using  100  tubes  in 
each  socket  in  turn.  The  comple  e 
data  and  calculations  (hypotheti- 
cal) for  the  r-f  amplifier  stage  are 
given  at  A in  Table  I.  Similar  meas 
urements  are  then  made  and  ta  u 
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TABLE  I.  DETERMINATION  OF  CONTROL  LIMITS  FOR 
SIX-TUBE  SUPERHETERODYNE  RECEIVER 


(A)  DATA  FOR  R-F  STAGE  (r-f  tub*  changed  100  tlmw— other  tube*  fixed) 

freq.  of 
occurrence 


X 

in  (if 


f X 


(x-x)  (x-xy  f(x-  xy 


9.9 
10  0 
10.1 
10.2 

10.3 

10.4 

10.5 
10  6 

10.7 

10.8 

Total 


2 

4 

7 

20 

34 

19 

8 
3 
2 
1 

100 


19  8 
40.0 

70.7 
200.4 
350.2 
197.6 

84  0 

31 .8 
21.4 

10.8 

1028.7 


-0.4 

-0.3 

-0.2 

-0.1 

0 

0.1 
0.2 
0.3 
0.4 
0 5 


0.16 

0.09 

0.04 

0.01 

0 

0.01 
0 04 
0.09 
0 16 
0.25 


0.32 
0 36 
0.28 
0 20 
0 

0.19 
0.32 
0.27 
0 32 
0.25 

2.51 


Ar.  Xi  = 1026.7/100  - 10.3,  and  standard  deviation  »i  = V2.61/100  - 0.159 

(8)  AVERAGE  VALUE  OF  MICROVOLTS jlWW  *>  AND  STANDARD 
DEVIATION  «„  FOR  STANDARD  OUTPUT 


Tube  Disposition 


No.  1 
varied; 

2, 3, 4, 5, 6 

fixed 


Averages  .Yi.t 
Std.  Dev.  «i.  i 


10.3 

0.159 


No.  2 
varied; 
No.  1 at 
average 


18.5 

0.304 


No.  3 
varied; 
1,2 

average 


14.6 

0.180 


No.  4 
varied; 
1,2,3 
average 


16.0 

0.215 


No.  5 
varied; 
1,  2,  3,  4 
average 


12.1 

0.120 


No.  6 
varied; 
others 
average 


14.3 

0.106 


(C)  COMPUTATION  OF  CONTROL  LIMITS  FOR  INPUT  TERMINALS 

Average  overall  sensitivity  X„  = 14.3  microvolts  (measured  with  average  tubes) 

Overall  standard  deviation  st  «=  14.3  ^ ^ ^ J 


/0.304V  /0.180V  , 

(txs)  +lu h)  + 


Control  limits  on  this  receiver:  Xn  ± 3s,  — 14.3  + 1.35 
12.9  Mv 


15.7  mv  and  14.3  - 1.35  = 


fated  for  the  other  five  stages,  the 
results  summarized  as  at  B in 
. Table  I,  and  the  control  limits  com- 
puted as  at  C. 

The  data  in  Table  I also  pro- 
vides another  fcheck.  It  is  common 
practice  to  measure  the  sensitivity 
l*  at  the  control  grid  of  the  converter 
tube.  We  have,  from  the  data,  the 
standard  deviations  for  the  groups 
of  5 tubes  (r-f  tube  eliminated) : 
*,=  0.304  juv;  s,  = 0.180  /iv;  s,  = 
0-215  /xv ; 8,  = 0.120  n v;  8.  = 0.106 
l>v.  Suppose  the  sensitivity  at  the 
inverter  grid  with  average  tubes 
® WO  microvolts.  This  gives  for 
the  combination 


7“£!5Yj/0.120Y  /0.106V 

V 160  / + \ 12.1  / + V 14.3  / 

=4.67  nv 


.1  Therefore  the  sensitivity  limits  at 
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the  converter  grid  to  be  taken  as 
acceptable  and  due  to  normal  tube 
variations  in  this  particular  re- 
ceiver are  170  + 3s„  — 184.0  /xv  and 
170  - 3s0  = 166.0  fiv. 

Sensitivity  Devlotlons  Not  Dee 
to  Normal  Tnbo  Variations 

We  can  go  farther  now  and  es- 
tablish economic  sensitivity  limits 
where  the  variations  are  due  to  the 
combined  effect  of  normal  varia- 
tions in  coils,  capacitors,  resistors, 
wiring,  etc.  The  procedure  is  as 
follows : 

Using  a set  of  average  tubes  de- 
termined as  such  by  the  measure- 
ments and  calculations  previously 
described,  measure  the  sensitivity 
of  say  100  different  receivers  each 
of  which  is  known  to  have  normally 
controlled  components.  Since  the 
same  tubes  are  used  in  each  of  the 
sets,  variations  in  sensitivity  be- 


tween the  sets  will  be  due  solely  to 
variations  in  the  sets  themselves. 

Calculate  the  average  sensitivity 
X,  in  microvolts  for  the  lot  of  sets 
used  and  the  standard  deviation  S. 
of  the  sets  in  microvolts.  If  in  pro- 
duction average  tubes  are  used,  the 
acceptable  limits  in  sensitivity  for 
set  variations  alone  will  be  X.  4-  3 S. 
and  X.  —3 S..  If,  on  the  other  hand, 
tubes  are  taken  at  random,  the 
limits  in  sensitivity  covering  nor- 
mal expected  variations  of  both 
tubes  and  sets  will  be 

x.  ± 3 x.  V (>,/  xty  + («,  / x,y  + 

(»„/X.)’+  (S./X.)* 

Having  established  sensitivity  lim- 
its as  described,  a production  re- 
ceiver showing  sensitivity  beyond 
these  limits  must  be  immediately 
suspected  as  containing  abnormal 
components  or  wiring  or  abnormal 
tubes.  Insertion  of  a set  of  average 
tubes  removes  the  possibility  of 
abnormal  tubes  and  if  the  sensitiv- 
ity then  exceeds  X,  ± 3 S.  micro- 
volts, the  set  must  be  suspected  of 
abnormality  in  itself. 

Troeblo  Shooting 

Sensitivity  values  as  measured  on 
100  receivers  coming  from  produc- 
tion, each  using  the  set  of  average 
tubes  measured  in  the  first  example, 
are  X.  = 13.5  /xv  and  S.  = 0.60  p.v. 
Limits  on  sensitivity  exclusive  of 
tubes  are  13.6  ±3x  0.6  — 12.0  to 
16.0  /xv.  Limits  including  both  nor- 
mal tube  and  set  variations  are 

13.5  + 3Xl3.5y(^f)’  + ' 

/0.3Q4Y  . /0.180V  . /0.215V  7* 

VIsj;  + lTi5V  + V 16-0  / ^ 

/0.130V  , /0.106V  /0.50y 

(i2 x ; + (ir3  / + 

= 15.7  to  11.3  MV 

Limits  including  tube  variations 
only  (see  previous  example)  are 

13.5  ± 3 X x 0.45  = 14.8  to  12.2  mv 

14.3 

Suppose  now  that  a receiver 
comes  through  production  with  ran- 
dom tubes  and  shows  a sensitivity 
of  16.0  /xv.  This  is  beyond  the  up- 
per limit  of  16.7  ;xv.  Upon  the  in- 
sertion of  a set  of  average  tubes 
(selected  as  previously  described), 
the  sensitivity  is  14.2  mv-  This  is 
within  the  12.0-15.0  /xv  limit  for 
receiver  variations  alone.  We  con- 
clude that  there  was  trouble  with 
the  original  set  of  tubes. 
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IN  some  experimental  work  in- 
volving two  speakers,  a cross- 
over network  was  evolved  which 
gives  very  flat  overall  performance 
over  a wide  frequency  range  but 
which  involves  low-cost  components. 
The  crossover  network  itself  follows 
ordinary  design  and  may  be  altered 
to  conform  to  derived  m,  x-termin- 
ation,  or  other  configuration.  The 
use  of  non-high-fidelity  components 
to  give  high-fidelity  performance  is 
the  point  of  novelty.  Since  many 
questions  have  been  asked  about  the 
network  it  was  felt  that  a descrip- 
tion of  the  whole  circuit,  including 
the  design  steps,  would  be  of  inter- 
est. 


The  Circnit 

Figure  1A  shows  the  circuit  as 
actually  set  up.  Each  output  trans- 
former is  required  to  work  over 
only  a narrow  frequency  range  so 
that  inexpensive  components  are 
used  in  place  of  high-fidelity  units. 
Placing  the  network  reactances  in 
the  high-impedance  part  of  the  cir- 
cuit results  in  small  capacitor  values 
of  much  lower  cost  than  the,  say, 
100-microfarad  capacitors  which 
would  be  required  if  placed  in  the 
8 to  16-ohm  part  of  the  circuit. 

Design  of  Natwork 

The  transformer  requirements 
are  dependent  upon  the  design  of 
the  network,  so  their  consideration 
will  be  dealt  with  as  part  of  the 
design. 

Figure  IB  shows  the  basis  of  the 
design,  a 1-section  low-pass  portion 
to  allocate  the  low-frequency  output 
to  the  appropriate  load,  and  a 11- 
section  high-pass  portion  to  feed 
the  high-frequency  load.  The  choice 
of  the  number  of  sections  is  based 
on  the  fact  that  a steep  cutoff  for 
the  low-pass  portion  is  not  neces- 
sary as  most  low-frequency  loud- 
speakers will  cut  off  somewhere 
near  the  crossover  frequency.  The 
high-frequency  speakers,  when  fed 
power  at  frequencies  below  their 
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acoustic  cutoff,  are  very  apt  to  radi- 
ate harmonics  of  the  received 
power,1  and  since  harmonics  consti- 
tute one  form  of  distortion,  this  is 
to  be  avoided.  Thus  a steeper  cut- 
off is  provided  in  the  high-pass  filter 
' by  the  choice  of  1 1 sections.  Ideally, 
the  1-section  low-pass  portion  would 
produce  12  db  loss  per  octave  above 
cutoff,  and  the  11-section  high-pass 
portion  would  give  30  db  loss  per 
octave  below  cutoff ; practically,  the 
loss  is  somewhat  less  due  to  the  fact 
that  the  reactive  elements  will  not 
exhibit  zero  power  factor. 

Design  Equation 

The  numerical  design  follows  con- 
ventional practice.*  The  impedance 
level  was  chosen  as  5000  ohms,  the 
nominal  load  for  a pair  of  type  2A3 
tubes  operated  self  bias.  The  class 
A triode  was  chosen  because  of  its 
inherently  low  distortion;  with 
pentode  or  beam  tubes  it  is  impera- 
tive that  feedback  be  employed  to 
minimize  distortion  within  the 
amplifier  as  well  as  to  produce  a 
low  equivalent  generator  impedance 
to  prevent  distortion  from  being 
produced  by  the  speakers.  The  cut- 
off frequency  f was  chosen  as  400 
cycles.  The  half-section  low-pass 
portion  requires  elements 

r 5000 

s-*  = =4.0  henrya 


line  and  the  asymptote  of  12  db  per.-.,, 
octave  slope  occurring  at  1.41  times  j 
the  nominal  cutoff  frequency.  This 
intercept  may  be  moved  down  to  the)- . 
cutoff  frequency  by  doubling  I,  C,  . ; 
or  the  LC  product. 

In  a conventional  half -section, 
the  capacitance  would  be  iC,.  This 
was  doubled,  to  make  C,  = C,  so  as  . 
to  give  3 db  loss  at  the  nominal  cut- 
off frequency  and  the  desired  slope  _ 
beyond  cutoff.  Hence,  in  the  figures 
Ci  is  twice  the  computed  value,  so 
that  in  Fig.  IB  L,  = i L.  = 2.0 
henrys,  C,  = C,  = 0.16  microfarad, 
and  in  Fig.  1A  L , = J L,  = 2.0  hen- 
rys reckoned  with  the  2 windings  . 
connected  series  aiding  and  2 C,  = 
0.32,  two  of  which  in  series  gives 
the  equivalent  C,  = 0.16.  This  ar- 
bitrary change  does  not  appear  to 
have  caused  any  undue  variation  in 
the  input  impedance. 

The  high-pass  portion  is  calcu- 
lated from 

U = 5000/4  x/  = 1.0  henry 
Ct  = 1/(5000  X 4 x/)  = 0.040  sf 
The  configuration  calls  for  archi- 
trave capacitors  of  2C,  = 0.080  and 
pillar  inductances  of  In  = 1 f°r  the 
full-section  and  2 C,  and  2 L,  for 
the  following  half-section.  Thus 
C,  — Ck.  The  inductance  I*  = T,.  = 
1.0,  and  T,  has  a primary  inductance 
LT  = 2L,  - 2.0. 

Contraction  Details 


— soixhrf  “ 5 16  microfarad 

The  isolated  half-section  causes  a 
nominal  loss  of  12  db  per  octave, 
with  the  intercept  of  the  zero  loss 


The  inductance  In  should  he 
wound  with  the  windings  close  y 
coupled  to  enforce  balance;  it  has 
been  found  satisfactory  to  put  one 
winding  on  top  of  the  other.  Bo 
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L,  and  L,  should  have  adequate  iron 
and  copper  to  permit  opening  up  a 
large  air  gap  to  hold  the  inductances 
reasonably  constant  at  all  levels  of 
a-c  voltage  under  which  they  will  be 
s|  required  to  operate.  The  matching 
transformer  Ta  can  be  any  readily 
available  transformer  of  proper 
ratio  which  will  give  the  required  2 
henrys  inductance  when  the  air  gap 
is  opened  up  sufficiently  to  hold  the 
inductance  nearly  constant  over  all 
levels  of  excitation. 

Transformer  T , should  have  a 
high  primary  inductance,  of  the  or- 
- ' der  of  50  to  100  henrys  to  keep  the 
exciting  current  low  at  the  lowest 
frequencies  to  be  transmitted,  but 
its  leakage  inductance  need  not  be 
held  as  low  as  demanded  by  expen- 
sive high-fidelity  equipment;  the 
leakage  inductance  as  measured  at 
the  primary  can  be  as  high  as  one 
henry.  Transformer  T,  must  have 
a low  leakage,  preferable  less  than 
0.05  henry  to  hold  the  loss  at  10  kc 
to  less  than  8 db.  It  may  be  a low- 
cost  unit,  however,  since  its  pri- 
' mary  inductance  need  be  only  2 
- henrys  after  opening  the  air  gap — 
say  10  henrys  before  adding  the 
air  gap.  Transformers  T,  and  T, 
should  have  the  proper  turns  ratios 
to  match  the  5000-ohm  filters  to  the 

• : respective  loads. 

. Collecting  and  tabulating  the  con- 

• J stants  for  Fig.  1A  gives 

' Impedance  level 5000  ohms 

Crossover  frequency 400  cycles 

Inductance  A, 2.0  henrys  (series 

aiding) 

Inductance  Tl 50  henrys  minimum 

Inductance! 1.0  henry  (with  air 

gap) 

Inductance  T, 2.0  henrys  (with  air 

gap) 

,i  Capacitance  C, 0.16  microfarad 

or  2C,  0.32  microfarad 

Capacitance  C, 0.04  microfarad 

, or  4C. 0.16  microfarad 

Leakage  ind.  of  T,. not  over  1.0  henry 
Leakage  ind.  of  TV  not  over  0.05  henry 

j Conversion  of  the  constants  given 
lor  other  impedance  levels  and/or 
other  crossover  frequencies  is  well 
known  and  will  not  be  discussed. 

The  fact  that  a pair  of  2A3  or 
*>A5G  tubes  exhibits  a plate  imped- 


FIG.  1 — Actual  circuit  of  crossover  network  (A),  and  elementary  circuit  (B)  used 
for  design  purposes 


ance  of  only  2000  ohms  when  the 
load  impedance  and  the  surge  im- 
pedance of  the  filters  are  5000  ohms 
raises  the  question  of  reflections. 
The  mismatch  is  not  great  enough 
to  cause  serious  reflection  from  a 
theoretical  standpoint.  A measured 
performance  curve  shows  each  out- 
put to  be  flat  in  its  transmission 
range  and  to  fall  off  smoothly  in  its 
attenuation  range.  The  mismatch 
is  necessary  for  proper  loading  of 
the  output  tubes  and  if  this  is  a 
necessary  evil  from  the  filter  stand- 
point it  is  of  sufficient  unimportance 
in  the  present  application  to  be  dis- 
regarded. It  should  be  remenlbered 
that  speaker  voice-coil  impedance  is 
itself  highly  variable. 

PirfernMU 

This  crossover  network  has  been 
in  experimental  use  with  a speaker 
combination  comprising  a low-fre- 
quency horn*  operating  between 
40  and  400  cycles  and  a high-fre- 
quency horn  operating  from  400 
cycles  up.  Two  types  of  low-fre- 
quency horns  and  three  types  of 
high-frequency  horns,  all  of  differ- 
ent acoustic  length,  have  been  tried 
in  various  combinations.  The  out- 
put appears  smooth  throughout  the 
transmission  range  including  that 
in  the  immediate  vicinity  of  cross- 
over. Phase  relations  at  this  point 
seem  to  have  little  or  no  bearing  on 
performance.  Even  complete  180- 


degree  reversal  of  one  speaker  (in 
any  of  the  several  combinations) 
makes  no  difference  in  performance. 
Thus  phase  shifts  in  the  described 
crossover  network  or  in  the  speak- 
ers themselves  may  be  neglected. 
Of  course,  if  two  identical  speakers 
are  used  on  one  channel,  they  should 
be  properly  phased  to  prevent  pe- 
culiar radiation  patterns. 

An  obvious  advantage  of  this 
crossover  network  is  the  fact  that 
low-cost  components  may  be  used  to 
give  the  same  high-fidelity  per- 
formance as  more  expensive  equip- 
ment. The  experimental  model  was 
constructed  at  less  cost  than  that  of 
a single  high-fidelity  matching 
transformer,  and  the  performance 
is  such  that  the  combined  power 
output  is  flat  within  2 db  from  less 
than  80  cycles  to  over  10,000  cycles. 

The  design  presented  here  may 
be  considered  the  result  of  develop- 
ing a pilot  model.  It  is  felt  that  the 
arrangement  will  be  found  advan- 
tageous for  quantity  production  in 
connection  with  multiple  speakers 
applied  to  home  radios  or  for  more 
specialized  uses. 
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Although  in  peacetime  there  is 
a steady  demand  for  mica 
capacitors  required  for  radio  sets 
and  communications  equipment, 
this  demand  was  increased  many- 
fold  in  wartime.  The  intrinsic 
properties  of  high  stability,  low- 
power  factor  or  high  Q high  di- 
electric strength,  low  temperature 
coefficient  and  compactness  pos- 
sessed by  mica  capacitors  make 
them  practically  indispensable  in 
the  design  of  electronic  and  com- 
munications equipment. 

To  increase  the  output  of  capac- 
itors it  might  be  assumed  that  the 
mica  capacitor  industry  had  but 
one  current  major  problem,  namely 
the  one  of  increasing  plant  facili- 
ties and  procuring  additional  man- 
power. However,  there  have  been 
other  problems  of  equal  difficulty, 
such  as  critical  shortages  of  mica 
and  tinfoil,  which  have  frequently 
compelled  the  mica  capacitor  man- 
ufacturer to  produce  on  a day-to- 
day  basis.  Also,  improvements  in 
design  and  manufacturing  meth- 
ods were  necessary  to  meet  the 
exacting  requirements  under  war- 
time operating  conditions. 

It  is  the  purpose  of  this  article 
to  point  out  briefly  the  results  of 
the  Western  Electric  Company’s 
efforts  to  surmount  these  difficul- 
ties, with  the  thought  that  part  of 
the  information  presented  may  be 
helpful  to  other  readers.  It  is 
appreciated  that  some  of  the  re- 
sults presented  here  were  arrived 
at  by  other  companies  also. 

Mica  Procerement  and  Processing 

In  normal  times  mica  was  pur- 
chased in  the  form  of  cut  or  un- 
cut film  0.001  to  0.003  inch  thick 
from  concerns  which  imported  the 
material  from  India.  Because  the 
supply  of  India  mica  to  the 
United  States  became  sharply  re- 
duced due  to  transportation  diffi- 
culties, it  was  necessary  for  the 
War  Production  Board  to  issue 
Conservation  Order  M-101  in 
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March  1942  to  allocate  the  mate- 
rial properly  and,  furthermore,  to 
develop  domestic  resources  and  to 
encourage  the  exploitation  of  mica 
deposits  in  Brazil  and  Canada. 

Studies  were  pushed  ahead  to 
evaluate  not  only  the  mica  from 
Brazil  and  Canada  but  also  to  ex- 
amine samples  from  Guatemala, 
Peru,  New  Mexico,  South  Dakota, 
and  Connecticut,  as  well  as  sam- 
ples from  the  better  known  domes- 
tic sources  in  North  Carolina, 
Georgia  and  New  Hampshire. 


Good-quality  mica  capacitors  were 
produced  from  a large  number  of  • 
the  samples,  but  unfortunately  the 
supply  of  many  of  the  new  sources 
could  not  be  assured  and  the  varia- 
bility in  the  mica  qualities  was 
such  that  standard  manufacturing  , 
routes  could  not  be  maintained. 

A more  thorough  evaluation  of 
the  domestic  micas  was  undertaken 
and  completed  through  the  joint 
efforts  of  the  War  Production 
Board,  the  National  Research  , 
Council,  Bell  Telephone  Labora-  . 


Dial-feed  mica  punching  machine,  haring  mechanical  finger*  that  hold  the 
mica  accurately  In  position  and  bring  it  eloie  to  the  punch  and  die 
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Quality  B mica,  showing  maximum  allowable  air  inclusions 


tories  and  eight  participating 
capacitor  manufacturers.  The  re- 
sults indicate  the  possible  applica- 
tion of  many  grades  of  micas  that 
were  heretofore  considered  unsuit- 
able for  capacitor  .use. 

Mica  Conservation  Program 

In  addition  to  pursuing  an  active 
program  for  replacing  mica  capac- 
itors with  paper,  ceramic,  polysty- 
rene and  other  capacitors,  several 
changes  were  initiated  in  order  to 
conserve  strategic  mica. 


First,  a new  mica  specification 
was  written  in  agreement  with  the 
mica  processors  to  define  accu- 
rately the  material  required.  The 
specification  describes  three  em- 
pirical qualities,  namely  A,  B and 
C,  which  are  ample  for  normal 
manufacturing  purposes.  Quality 
B,  which  corresponds  to  the  best 
second-quality  film  in  shipments 
received  from  the  joint  British- 
American  Mica  Mission  during 
1944,  has  replaced  better  than  90 
percent  of  the  fair-stained  India 


mica  formerly  used  by  the  Western 
Electric  Company. 

Second,  extra  sorting  for  size 
was  instituted  so  that  an  uncut 
film  only  slightly  larger  than  the 
finished  part  would  be  used.  Al- 
though this  extra  handling  effort 
is  costly,  the  resultant  saving  in 
mica  makes  it  justifiable  because 
the  cost  of  the  mica  increases 
sharply  with  the  larger  sizes  due 
to  the  limited  supply.  As  a fur- 
ther conservation  measure,  the 
use  of  remnants  after  punching 
for  making  smaller  parts  was  con- 
siderably increased  even  though  it 
resulted  in  higher  labor  costs. 

Third,  a dial-feed  mica  punch- 
ing machine  was  developed.  The 
important  feature  of  this  machine 
is  that  the  mica  can  be  held  by 
mechanical  fingers  very  close  to 
the  punch  and  die,  and  the  tem- 
plate in  front  of  the  operator  per- 
mits accurate  location  of  the  part. 
Experience  indicates  that  the  yield 
of  good  parts  per  hour  exceeds 
that  obtained  by  punch  press  oper- 
ation even  with  mica  which  has 
been  previously  sorted  to  be  only 
slightly  larger  than  the  template. 
Incidentally,  the  extra  cost  of  sort- 
ing is,  to  a large  extent,  offset  by 
the  increased  productivity  of  these 
machines. 

Fourth,  the  operator  training 
program  was  revamped  to  meet 
conditions  resulting  from  the 
higher  rate  of  labor  turnover  be- 
ing experienced  and  to  assure  the 
more  painstaking  handling  of 
mica  through  all  processes,  with 
emphasis  being  placed  on  its 
strategic  nature. 

Sllvar  Coating 

Over  80  percent  of  the  mica  used 
by  the  Western  Electric  Company 
is  coated  with  a thin  film  of  silver 
on  each  side.  The  purpose  of  the 
silver  film  is  to  obtain  the  excel- 
lent capacitance  stability  which 
results  from  the  intimate  contact 
between  the  conducting  film  and 
the  mica.  A further  advantage  is 
the  ease  with  which  precise  capac- 
itance adjustments  can  be  made 
by  scraping  off  small  portions  of 
the  silver  coating.  The  use  of  sil- 
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ver-coated  mica  was  introduced  to 
improve  stability  and  to  facilitate 
the  manufacture  of  potted  tele- 
phone-type  mica  capacitors  which 
generally  are  made  to  limits  of 
±0.25  percent. 

In  applying  the  silver  coating, 
the  mica  is  first  suitably  masked, 
then  sprayed  with  a commercial 
silver  solution  and  fired  in  a con- 
veyor furnace  at  a temperature 
below  1100°F.  The  masking  is  ac- 
complished on  special  machines 
which  apply  tape  to  mask  the  side 
margins  of  a mica  lamination.  The 
end  margins  are  masked  by  over- 
lapping the  laminations  as  they 
are  fed  into  the  machine.  The 
masked  strips  are  racked,  sprayed, 
and  then  fired  in  the  furnace. 

StacMag  and  Adjuring 

The  operation  of  stacking  mica 
capacitors  requires  the  alternate 
interleaving  of  mica  and  foil,  and 
is  a real  challenge  to  the  time  and 


^ Silver  coat  mg  on  single 
/ mica  lamination 


/ 


Mica  film  approx  0.0015 
" mch  thick 


Terminal  of 
assembled  unit 


Looped-in  tm  foil 


FIG.  1 — Assembly  oi  laminations 


motion  economist.  The  design  of 
the  workplace,  with  the  supply  of 
mica,  foil,  and  terminals  immedi- 
ately adjacent  to  the  recessed  nest 
into  which  the  parts  are  laid,  is 
important.  Needless  to  say,  all 
types  of  capacitors  cannot  be  ad- 
vantageously assembled  in  a single 
type  of  workplace,  and  no  two 
manufacturers  appear  to  use 
identical  methods.  A complete 
description  of  the  different  meth- 
ods is  beyond  the  scope  of  this 
article;  however,  a brief  resume 
of  the  method  used  for  assembling 
the  majority  of  the  silvered  mica 
capacitors  at  the  Western  Electric 
Company  may  be  of  interest. 

Silvered  mica  laminations  are 
assembled  with  foil  looped-in  to 
make  electrical  contact  between 


the  silvered  coatings  and  the  ter- 
minals, as  illustrated  in  Fig.  1. 
Lead  foil  from  0.0005  to  0.001  inch 
thick,  with  a tin  content  of  less 
than  10  percent  is  used.  The  pur- 
pose of  looping-in  the  foil  is  to 
permit  a continuous  electrical  con- 
nection between  the  stack  and  a 
precise  capacitance  meter  during 
assembly.  This  arrangement,  to- 
gether with  the  adjusting  opera- 
tion described  later,  assures  that 
the  capacitor  will  be  within  limits 
in  spite  of  relatively  wide  varia- 
tions in  the  thickness  of  the  mica. 
Consequently,  it  is  practicable  to 
apply  terminals  and  to  test  for  di- 
electric strength  at  the  assembly 
position.  The  need  for  assembling 
surplus  capacitors  to  take  care  of 
fall-outs  in  subsequent  tests  is 
largely  eliminated. 

After  stacking,  the  capacitor 
units  are  dried  at  atmospheric 
pressure  for  about  li  hours  at 
300  °F,  a relatively  short  time 
which  has  proven  to  be  practicable 
because  all  assembly  operations 
are  performed  in  an  air-condi- 
tioned space  where  the  relative 
humidity  is  maintained  under  40 
percent  at  75°  F.  The  dried  units 
are  adjusted  within  final  capaci- 
tance limits  by  scraping  off  small 
portions  of  silver  coating  from 
the  top  lamination.  Normally,  the 
adjusting  limits  are  about  half  of 
the  final  limits  in  order  to  com- 
pensate for  variables  in  the  pot- 
ting or  molding  operation. 

Final  Assembly 

The  capacitor  assembly  may  be 
completed  in  numerous  ways,  i.e., 
potted  in  metal  containers,  molded 
cases,  or  hermetically-sealed  cans 
or  molded  directly  in  thermoset- 
ting or  thermoplastic  materials. 
The  molding  and  potting  tech- 
niques are  well  established  and  de- 
pend on  the  design  of  the  capacitor 
and  the  volume  of  production. 

The  method  used  for  molding 
capacitors  may  be  of  interest. 
Four  to  twenty  cavity  molds  are 
mounted  on  inverted  Hannifin 
pneumatic  presses.  The  molds  with 
few  cavities  are  loaded  by  hand 
and  those  with  eight  or  more  cavi- 
ties by  means  of  loading  boards. 
The  knockout  is  pneumatically  op- 
erated and  controlled  by  a foot- 
pedal.  The  mold  is  first  loaded  with 
preforms,  which  are  made  from 


Layout  for  assembling  silvered  ales  j - 
capacitors  with  looped-in  foil,  with  pro-  , 
visions  for  chocking  capacitance  coo-  ! 
tinuously  daring  assembly  f 

f 

low-loss  mineral-filled  thermoset-  t ■: 
ting  material,  then  with  the  caput-  | 
itor  unit,  and  finally  with  a pre-  4 ■ 
form  on  top.  i 

The  loaded  mold  is  pushed  to  | 
the  rear  position  -and  the  pressure 
on  the  unit  is  applied  slowly,  1 inch 
per  minute  or  less,  until  a pressure 
of  approximately  two  tons  per 
square  inch  is  reached.  The  small 
units  are  cured  at  300°  ± 10°F  for 
approximately  two  minutes  and  the 
large  units  from  three  to  four  min- 
utes, a time  which  undercures  the 
molding  material.  The  capacitors 
are  then  stamped  with  code  and 
capacitance  markings,  and  given  a 
final  stabilization  bake  for  one 
hour  at  250°F.  The  undercuring, 
followed  by  a final  baking,  not  only  ^ 
saves  valuable  press  time,  but  min-  jfl 
imizes  capacitance  shifts.  B 

Final  inspection  is  performed  P 
on  precision  electrical  testing  T 
equipment  which  is  located  in  an  | 
air-conditioned  room.  Since  most 
of  the  mica  capacitors  produced  « 
by  this  method  are  required  to 
have  a capacitance  precision  of 
better  than  ±1  percent,  the  testing 
equipment  is  very  carefully  de-  , 
signed,  calibrated,  and  maintained. 


Requlrnmnnri  and  PrablMU 

Prior  to  the  war,  mica  capacitors 
were  designed  for  operation  under 
the  temperature  and  humidity  con- 
ditions encountered  in  indoor  loca- 
tions in  the  United  States.  These 
normally  range  from  60°  to  120  F 
and  with  maximum  humidity  of  9o 
percent  prevailing  for  short  sum- 
mer periods.  The  service  condi- 
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ions  for  military  equipment  in- 
olve  much  more  difficult  operat- 
ng  conditions,  namely,  tempera- 
ures  ranging  from  -50°  to 
i-lS5°F  and  humidities  up  to  100 
percent  prevailing  in  many  cases 
jver  most  of  the  year.  Yet  the  de- 
signers of  airborne  and  ground 
communication  and  electronic 
equipment  demand  the  same  high 
degree  of  performance  over  this 
greater  temperature  range  and  un- 
der these  more  damaging  humidity 
, conditions. 

New  capacitor  designs  for 
ground  signal  equipment,  which 
pormally  uses  low  frequencies  and 
Relatively  large  capacitance  units, 
Required  potting  in  hermetically- 
sealed  containers.  New  designs  for 
radio  equipment,  which  uses  the 
smaller  molded  units,  required  the 
introduction  of  new  processes  for 
stabilization  over  the  wide  tem- 
perature range  and  new  materials 
for  sealing  the  terminals  in  order 
to  protect  units  from  humidity. 

A typical  manufacturing  and  de- 
sign problem  was  the  change  re- 
quired to  assure  conformance  with 
a severe  humidity  requirement 
i; fiplaced  on  molded  capacitors  which 
rlwere  used  on  special  military 
equipment.  It  was  necessary  at  the 
(start  to  check  100  percent  of  the 
molded  mica  capacitors.  Subse- 
: ;quently,  experiments  proved  that 
fdNeoprene  cement  applied  to  the 
leads  greatly  improved  the  yield 


of  capacitors  and  reduced  the  in- 
spection costs.  Further  investiga- 
tion showed  that  solutions  of  Viny- 
lite  VMCH  and  XYNC  were  even 
more  effective  in  sealing  the  units 
against  humidity  and  were  easy  to 
apply. 

Manufacturing  experience  has 
shown  that  relatively  poor  stabil- 
ity and  high  values  of  tempera- 
ture coefficient  will  result  with  the 
best  quality  of  mica  unless  proper 
precautions  are  taken  in  the  assem- 
bly, processing  and  molding  of  the 
units.  Manufacturing  methods 
were  worked  out  to  assure  high 
stability  with  temperature  and 
time  for  molded  mica  capacitors 
covering  capacitances  up  to  20,000 
jifxf.  Some  of  these  are  made  to  a 
capacitance  tolerance  of  ± (0.5 
percent  + lft/rf),  have  a tempera- 
ture coefficient  of  less  than  15 
parts  per  million  per  degree 
Fahrenheit  over  the  temperature 
range  of  -50°  to  + 185°F,  and  re- 
trace to  within  0.05  percent  of  the 
initial  capacitance  after  repeated 
thermal  cycling  over  this  range. 
Such  capacitors  are  being  made 
because  critical  electronic  equip- 
ment will  not  operate  precisely 
without  them. 

Use  of  Mica  Substitutes 

In  view  of  some  of  the  prob- 
lems and  processes  discussed 
above,  a brief  statement  concern- 
ing the  use  of  paper  and  other 


types  of  capacitors  as  alternates 
may  be  in  order.  The  development 
and  application  of  small  molded, 
mineral-oil  filled  capacitors  has 
been  accomplished  to  a consider- 
able extent.  Designs  have  been  de- 
vised and  are  in  production  that 
are  both  mechanically  and  electric- 
ally interchangeable  with  the  mica 
types. 

As  has  been  well  publicized, 
many  synthetic  micas  have  been 
developed  and  have  helped  insofar 
as  they  could  replace  mica  in 
capacitors  for  special  applications. 
However,  to  date  none  of  the  avail- 
able alternative  dielectric  mate- 
rials compare  favorably  in  all 
characteristics  with  mica — even 
with  the  lower  grades  of  mica  that 
remain  practically  untouched. 

Continued  effort  to  make  certain 
that  the  lower  grades  of  mica  are 
used  wherever  the  requirements 
permit,  and  that  the  available 
stocks  are  processed  with  the  great 
care  this  precious  material  de- 
serves, will  go  far  toward  assuring 
an  adequate  supply  of  mica  capaci- 
tors. 

The  improvements  in  the  pro- 
cesses and  facilities  for  manufac- 
turing mica  capacitors  reported 
above  are  to  a large  extent  based 
upon  the  unified  efforts  of  the 
engineering  staffs  of  the  Western 
Electric  Company  and  Bell  Tele- 
phone Laboratories,  which  the  au- 
thor gratefully  acknowledges. 


Representative  examples  ol  the  nine  types  of  molded  and 
Potted  mica  capacitors  now  being  made  by  Western  Electric 


Adlutting  finished 
tone*  value  by 


silvered  mica  capacitor,  to  exact  capact- 
scraplng  silver  lrom  the  top  lamination 
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ARTIFICIAL 


J|RTHFICIAL  ANTENNAS  are  neces- 
*»sary  for  testing  variable-fre- 
quency radio  equipment  under  con- 
ditions closely  approximating  those 
encountered  in  service.  It  is  im- 
practical to  use  an  actual  antenna 
in  laboratory  tests  because  radiated 
energy  must  be  kept  at  a minimum, 
and  it  is  usually  inconvenient  to 
precisely  duplicate  an  antenna 
which  is  used  in  a special  applica- 
tion such  as  on  aircraft. 

Although  artificial  antennas  are 
used  for  both  transmitters  and  re- 
ceivers, the  complexity  of  the  an- 
tenna matching  problem  is  not  the 
same  for  both  classes  of  equipment. 
This  difference  arises  mainly  be- 
cause most  receiver  antenna  cir- 
cuits are  untuned  while  transmit- 
ter output  circuits,  to  deliver 
maximum  power  to  the  radiator, 
must  be  closely  adjusted  at  each 
frequency.  Because  of  the  greater 
relative  importance  of  the  latter 
problem,  this  paper  will  concern  it- 
self with  transmitting  rather  than 
receiving  antennas. 

Need  for  a greatly  improved 
artificial  antenna  for  transmitters 
became  apparent  during  the  au- 
thor’s experience  in  the  design  and 
testing  of  aircraft  communication 
transmitters  in  the  medium  to  high- 
frequency  band.  Types  of  dummy 
load  in  wide  use  for  this  purpose, 


TA*«  I— MINIMUM  REQUIRED  DATA 
FOR  ARTIFICIAL  ANTENNA  DESIGN 


(1)  Reactance  and  resistance  at  the 
lower  frequency  limit. 

(2)  Quarter-wavelength  frequency 
and  resistance. 


(3)  Resistance  at  some  critical  fre- 
quency between  upper  frequency  limit 
and  quarter-wavelength  frequency. 

(1)  Resistance  at  the  upper  fre- 
quency limit. 

(•">)  Half-wavelength  frequency.  (If 
this  frequency  is  not  known,  it  can  be 
assumed  to  be  approximately  1.67 
limes  the  quarter-wavelength  fre- 
quency. This  constant  is  empirical 
and  was  selected  as  an  average  during 
a study  of  many  fixed,  single-wire 
antennas.) 
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FIG.  1 — Typical  impedance  variation 
of  an  antenna  of  fixed  length  when  the 
frequency  is  varied,  showing  reactance 
variation  as  a tangent  function  of  fre- 
quency 


FIG.  2 — (A)  Antenna  impedance  can  be 
represented  by  variable  series  reactance 
and  resistance.  (B)  The  reactance  com 
ponent  and  (C)  the  resistance  componenl 
can  be  simulated  by  lumped  constants 


while  perfectly  satisfactory  for  use 
at  a single  frequency,  resulted  in 
much  loss  of  time  and  were  exces- 
sively bulky  when  applied  to  equip- 
ment having  a frequency  range  of 
one  to  ten  megacycles.  To  speed  up 
variable-frequency  tests,  which  at 
times  had  to  be-  performed  under 
reduced  atmospheric  pressure  to 
simulate  high-altitude  flight  condi- 
tions, a fixed  network  was  designed 
which  matched  the  actual  antenna 
both  for  resistance  and  reactance 
at  all  frequencies. 

Basis  far  Design 

While  theoretical  considerations 
in  this  paper  are  general,  this  dis- 
cussion is  limited  to  a band  from 
approximately  one  to  twenty  me. 
The  antenna  for  which  an  equiva- 
lent circuit  is  desired  is  the  single- 
conductor type  operating  against  a 
ground.  The  configuration  of  the 
wire  may  be  horizontal,  vertical, 


straight,  or  folded  V.  The  quarter- 
wave  resonant  frequency  of  such  a 
radiator  usually  lies  between  5 and 
10  me.  The  characteristics  of  the 
antenna  which  must  be  known  are 
given  in  Table  I.  A typical  imped- 
ance characteristic  is  shown  in 
Fig.  1. 

To  properly  evaluate  various  re- 
quirements of  a good  dummy  an- 
tenna, it  is  necessary  to  understand 
the  way  in  which  the  impedance  of 
an  actual  antenna  varies  with  fre- 
quency. The  equivalent  circuit  of 
an  antenna  is  that  of  a series  re- 
actance X„  and  series  resistance  R< 
as  shown  in  Fig.  2A.  These  two 
components  of  impedance  change 
with  frequency.  The  variations  of 
X„  and  Rs  with  frequency  given  in 
Fig.  1 apply  to  all  types  of  antennas 
where  size  and  geometry  remain 
fixed,  while  the  frequency  '3 
changed.  To  simulate  such  an  an- 
tenna at  a given  frequency  it  13 
only  necessary  to  connect  the  pro- 
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ANTENNA 


I Design  of  a two-terminal,  lumped-constant  network  that  simulates,  within  a specified 
f frequency  band,  the  impedance  variations  of  a single-wire  antenna.  The  resulting  artificial 
i antenna  can  be  used  for  tuning  transmitters  and  for  power  measurements 


per  values  of  resistance  and  either 
inductive  or  capacitive  reactance  in 
;*eries. 

If  h is  the  current  flowing  in  the 
artificial  antenna  circuit,  the  power 
output  of  the  transmitter  would  be 
i P = IA’R,.  If  the  values  of  X,  and 
, S,  are  correctly  chosen,  P will  be 
true  power  output  of  the  transmit- 
ter into  the  actual  antenna  at  the 
; same  frequency. 


I Single  Series  Circuits 

J Using  fixed  R-C  and  L-C  combin- 
ations to  simulate  the  antenna  is 
accurate  and  simple,  but  lacks  flex- 
,<  ability  where  a continuous  fre- 
c quency  band  must  be  covered.  The 
5 circuit  consists  of  either  a fixed  ca- 
pacitor or  coil  in  series  with  a non- 
reactive resistor.  The  constants  of 
the  inductor  or  capacitor  and  re- 
listor  are  calculated  from  the  given 
antenna  reactance,  radiation  resis- 
tance, and  frequency. 

The  fixed  resistance  is  made 
equal  to  the  antenna  resistance.  The 
aeries  capacitance  is  C.  = l/2tt fXA 
where  XA  is  negative.  For  positive 
Values  of  Xt  the  antenna  is  induc- 
i tive  and  L.  = XJ2 */. 

To  provide  an  arrangement  that 
>s  easier  to  work  with  when  the  fre- 
quency is  frequently  changed,  the 
reactive  and  resistive  components 
are  made  adjustable  as,  for  exam- 
i Pie,  a variable  capacitor  in  series 
with  a carbon  compression  resistor, 
"hen  the  antenna  is  inductive,  a 
variable  inductor  is  substituted 
°r  the  capacitor.  To  further  in- 
, craase  the  versatility  of  the  artifi- 
I c antenna,  both  an  inductor  and 
I a capacitor  can  be  included  in  the 
j *!Jles  circuit,  and  a switch  pro- 
V1  ed  to  short  the  unwanted  ele- 
[ raent. 
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Although  these  adjustable  cir- 
cuits are  theoretically  sound,  they 
seldom  are  satisfactory  over  a wide 
frequency  range.  In  addition  to 
their  stray  capacitance  to  ground, 
adjustable  inductors  have  a high 
distributed  capacitance.  This  may 
give  rise  to  spurious  resonances. 
Variable  capacitors  of  high  maxi- 
mum capacitance  must  be  extremely 
large  to  withstand  the  high  r-f 
potentials. 

Not  only  are  there  practical  elec- 
trical difficulties,  but  there  are  the 
operational  disadvantages  which  re- 
quire the  manipulation  of  two  con- 
trols for  each  change  in  output  fre- 
quency. An  error  in  setting  of 
either  the  reactor  or  resistor  re- 
sults in  unreliable  measurements 
and  a loss  of  time  in  rechecking  re- 
sults. 

Composite  Sorlos  Circuits 

In  contrast  to  the  foregoing  cir- 
cuits that  utilize  variable  compon- 
ents, the  proposed  artificial  antenna 
is  composed  of  fixed  elements.  When 
these  elements  are  properly  chosen, 
the  reactance  and  resistance  seen 


at  the  terminals  of  the  network 
(Fig.  2A)  will  match  those  of  the 
actual  antenna  at  every  frequency 
within  the  assumed  limits. 

It  is  the  plan  of  this  paper  to 
treat  each  portion  separately  and 
finally  to  show  how  they  are  con- 
nected in  series  to  form  the  desired 
circuit.  The  portion  marked  X,  will 
automatically  duplicate  the  series 
reactance  of  the  given  antenna, 
while  R „ will  produce  the  resistance 
variation  with  frequency.  Although 
in  practice  it  is  not  possible  to  iso- 
late resistance  and  reactance  com- 
pletely, it  is  assumed  that  the  equiv- 
alent series  resistance  of  the  re- 
actance section  is  low  enough  to  be 
negligible  and  the  equivalent  series 
reactance  of  the  resistance  section 
can  be  disregarded  in  comparison 
with  that  contributed  by  the  re- 
active circuit. 

Network  Equations 

A combination  of  reactances 
which  can  have  an  equivalent  series 
reactance  variation  with  frequency 
similar  to  that  shown  in  Fig.  1 is 
represented  in  Fig.  2B.  The  cor- 
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TABLE  II— REACTANCE  NETWORK  DESIGN  EQUATIONS 


Units  are  in  farads,  henrys,  cycles,  and  ohms. 

^1)  Assume  a value  for  Cj 

/o\  (ujs  °>i2)  ( A'i  o)i  Ci  — 1)  — ATjCj  coi  (oil2  — ujs) 

W Xi  (m*  m,*  - on3)  

where  Ca  ~ CiCi/  (Ci  4*  Ci) 

«i  — angular  velocity  at  lower  limit 
a*  — quarter-wavelength  angular  velocity 
mi  — half-wavelength  angular  velocity 

Xi  — antenna  reactance  at  on  (proper  sign  must  be  used  for  Xx  when 
substituting  into  equation) 

(3)  C4  = Ca  (mi/ m*)1  — Ca  (on  L Mi),/<‘>a* 

(4)  Ca  - CaCJ(CA  - Ca) 

5)  Li  = 1/mj1  (C«  4-  Ci) 

Note:  (A)  If  u,  is  unspecified  it  can  be  assumed  to  be  1.67  u,.  as  stated  in  Table 
1 (5) ; (B)  The  QotL,  should  be  as  high  as  possible,  at  least  300;  (C)  Distributed 
capacitance  of  L,  should  be  subtracted  from  the  calculated  value  of  C,  to  deter- 
mine  the  physical  value  for  C*. 

(6)  To  check  accuracy  of  computed  components,  plot  X,  vs  angular  velocity 
from  the  following  equation,  and  compare  this  curve  with  the  given  antenna 
reactance  curve 

Xg  m*L»  (C4  4-  Ct)  — 1 

mCi  [1  m sLa  (CA  -f-  C«)[  — otCi  ( o)2Ld%Ca  — 1) 


responding  frequency  character- 
istic is  shown  in  Fig.  SA. 

The  problem  is  to  select  values  of 
C„  C„  C„  and  L,  to  yield  a reactance 
variation  which  duplicates  that  of 
any  given  antenna.  While  C,  is 
theoretically  unnecessary  to  obtain 
the  simulated  curve,  in  practice  it 
was  found  that  the  stray  capaci- 
tance from  the  antenna  terminal  to 
ground  introduced  a large  error  in 
reactance  at  the  low-frequency  end 
of  the  band.  Using  a controlled 
value  of  C,  eliminates  the  effect  of 
this  unavoidable  capacitance.  Thus 
some  value  is  selected  for  C,  greater 
than  the  supposed  stray  capacitance 
to  ground  and  if  the  final  capaci- 
tance to  ground  is  smaller  than  the 
assumed  value,  a trimmer  capaci- 
tor can  be  inserted  to  make  up  the 
difference.  A practical  value  for  C, 
is  about  10  ppf. 

Design  equations  for  this  re- 
actance network  are  derived  in  Ap- 
pendix I and  summarized  in  Table 
II. 

In  a similar  manner,  the  network 


of  Fig.  2C  provides  the  required 
resistance  variation.  Design  equa- 
tions for  this  network  are  derived 
in  Appendix  II  and  summarized  in 
Table  III.  The  quantities  referred 
to  in  this  table  are  made  clear  by 
Table  I and  Fig.  3B. 

Example  of  Network  Design 

Pertinent  data  concerning  the 
reactive  characteristics  of  an  an- 
tenna is : Lower  limit  frequency  = 
2 me,  reactance  at  lower  limit  fre- 
quency = — y 930,  quarter-wave 
frequency  = 9.3  me,  and  half-wave 
frequency  = 15.5  me. 

From  this  data,  values  for  sub- 
stitution into  Table  II  are:  <o,  = 
2s  (2  x 10”),  o>,  = 2b  (9.3  x 10*), 
<■>,  = 2s  (15.5  x 10*),  Xx  = -930, 
and  let  C,  = 10  x 10"  Solving  for 
the  reactive  network  components, 
we  obtain  C„  = 20.3  wf,  C.  = 69.9 
«cf,  C,  = 28.7  mif,  and  L,  = 2.96 

fih. 

If  these  values  are  substituted 
into  the  equation  for  X„  and  react- 
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ance  plotted  against  frequency,  the 
upper  curve  of  Fig.  4 is  obtained.  .. 
Checking  the  value  of  X.  against 
actual  antenna  reactance  at  any  - s 
frequency  shows  that  the  error  at  j: 
any  point  is  well  within  the  limits 
of  engineering  accuracy.  In  this  = 


FIG.  3 — Critical  frequencies  and  ibslr 
associated  reactances  (A)  and  resist* 
ances  (B)  of  the  antenna  to  be  fima* 
lated  are  used  to  obtain  values  for  ths 
artificial  antenna  elements 


FIG.  4— An  artificial  antenna  built  from 
the  design  equations  was  tested  an 
had  these  reactive  and  resistive  charac* 
acteristics;  compare  with  Fig.  1 
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r-i  particular  example,  the  reactance 
<•  error  at  any  frequency  is  less  than 
two  percent. 

'*  To  complete  the  sample  calcula- 
I tions,  the  significant  resistance 
values  of  the  given  antenna  with 
reference  to  Fig.  3B  are:  R„  = 
«•  3.2  ohms,  /,  = 2 me  or  <o,  = 2xt 
(2  x 10‘),  R0  = 2.7  ohms,  f,  = 4 
me  or  (a,  = 2*  (4  x 10*),  RSt  = 6 
ohms,  /,  = 7.5  me  or  <at  = 2*  (7,5  x 
10*),  fi„  = 11.5  ohms,  and  /,  = 9mc 
or  a,  = 2it  (9  x 10*). 

Substitution  of  the  preceding 
constants  into  the  equations  of 
Table  III  gives  R,  = 11.8  ohms, 
/.  = 9.275  me,  C,  = 0.0135  id,  L,  = 

. 0.1197  /xh,  C,  = .00247  /xf,  and  R,  = 

3.42  ohms. 

If  these  values  are  substituted 
in  the  equation  for  R,  and  the  re- 
sultant values  plotted  against  fre- 
quency, the  lower  curve  of  Fig.  4 
is  obtained. 

The  actual  artificial  antenna  is 
the  series  combination  of  the  re- 
sistive and  reactive  networks. 


Isactaace  Error  doe  to  Resistance 
Network 

Lumping  the  reactive  elements  of 
the  resistance  network  of  Fig.  2C 
into  a single  reactance  X„  we  find 
that  the  reactance  of  the  resistance 
network  is 

-V.  = .W/Kft  + it,)'  + y,>|  (l) 

To  find  the  greatest  value  that  X , 
can  ever  reach,  differentiate  Eq. 
(1)  with  respect  to  X, 

!(«.  + «>)*  + X.’l  R,'  - 
d(X,)  (X,flx*)2Xi 

dX,  “[(ft,  + «,)>+  AVI* 

Setting  the  numerator  equal  to  zero, 
and  solving  for  X , 

*Ti  **■  fii  + fii  f'2) 

Substituting  Eq.  (2)  into  Eq.  (1) 

Xta.,  = K,72  (fi,  + fi,)  (3) 

In  a typical  case  where  R,  = 11.8 
ohms  and  R , = 3.42  ohms,  the  maxi- 
mum value  of  Xs  is  4.56  ohms  in- 
ductive. Substituting  Eq.  (2)  in 
Eq.  (10)  from  Appendix  II  gives 

R,  - fi»  (fi»  + 2fii) 

2 (fi,  + fi,)  {4) 

Using  the  same  numerical  values 
R,  and  R,,  R,  — 7.2  ohms. 

Referring  to  the  antenna  resis- 
tance curve  of  Fig.  4B,  we  see  that 
= 7.2  ohms  at  a frequency  of 

■9  me.  At  this  frequency  the  an- 
tenna reactance  is  — jlOO  ohms. 
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Thus,  in  the  given  example,  the 
maximum  error  introduced  by  the 
reactance  of  the  resistance  varia- 
tion circuit  occurs  at  7.9  me  and 
has  a value  of  XSm„/XA  = 4.56/100 
--  4.56  percent. 

Antenna  Operation 

The  simulative  network  discussed 
in  this  paper  is,  strictly  speaking, 
only  an  approximation  of  the  an- 
tenna which  it  is  intended  to  re- 
place. At  any  frequency  the  simu- 
lated reactance  and  resistance  will 
differ  from  the  actual  values  by  a 
finite  amount.  The  magnitude  of 
these  discrepancies  will  vary  de- 
pending on  the  antenna,  but  in  gen- 
eral it  will  be  found  that  the  re- 
actance curve  can  be  made  to  match 
within  two  percent,  while  the  resis- 
tance may  deviate  as  much  as  ten 


percent  from  the  true  value. 

Effect  of  mismatch  on  the  tun- 
ing of  the  transmitter  output  cir- 
cuits may  for  all  practical  purposes 
be  neglected.  However,  the  setting 
of  the  coupling  control,  being  sensi- 
tive to  the  resistive  component  of 
the  antenna  impedance,  will  differ 
slightly  at  some  points  from  its 
position  when  working  into  an 
actual  antenna. 

The  network  may  be  used  for 
measuring  power  output  if  a radio- 
frequency ammeter  is  connected  in 
series  with  the  circuit.  The  power 
output  is  P — I/R,  where  P is 
power  output  in  watts,  It  is  am- 
peres rms,  and  Ra  is  equivalent  ser- 
ies resistance  of  entire  network. 
The  value  of  Rs  at  each  frequency 
should  be  determined  by  measure- 
ment on  either  a Q meter  or  a suit- 
able r-f  bridge,  between  terminals 


TABLE  III— RESISTANCE  NETWORK  DESIGN  EQUATIONS 

I nils  in  farads,  henrys,  cycles,  and  ohms. 

( 1 ) Solve  for  fix  from  the  following  equation,  using  given  values  from  the  antenna 
to  lie  duplicated 

± N [A  (fl,  - «»)!*/*  *F  M (fi  (fi,  - fix.))*'*  - ( N — Af)  [fi,  — fin]1'* 

1 , (fix*  — fit/1  (fi,.  — fio) 

where  A =■  L-= — 5 • 

r W|  / MX*  — MX*  \ * 

L w,  W - “>**/  J 

p (fix,  ~ fio)/(fix  1 — fio) 

r wx*  — 

L MX  \MX*  — Ml*/ J 
\t  ™ oa*  — mx* 

N ■=  Ml*  — MX* 

(2)  Having  found  fix,  solve  for  u<  from 

M.  = ((  ± MS*fi  - MX*)/(fi  - l)]*/* 

, „ r «, -fi«  t7* 

whcre  B = L,t  (/?,  - ft^jj 
® « - (2^3  (^) 

fi,*  rfi«  - floT7* 
where  R “ W^lTo  LfiT^fiTj 

(I)  L\  “ («45  “ WJ2)/w4SWJSCi 

(5)  Ci  =*  1/WLi 

(6)  Ri  ™ RoRt/(R*  “ Ro) 

ID  To  check  accuracy  of  the  calculated  components,  plot  fix  vs  angular  velocity 
from  the  foUowing  equation  and  compare  this  curve  with  the  given  antenna 

resistance  curve 

(fl.fi,)  (fi,  + fix)  -I-  fi-Xx* 

(fi,  + fix)’  + -Yx* 


fix 


2 t fLi 

where  1.  * ( - 1/2  * /L-i)  + j + (4  x */*/., Cxi 


Digitized  by 


Google 


153 


A and  G. 

To  get  reliable  indications  of  an- 
tenna current,  the  stray  capacitance 
of  the  input  terminal  and  of  C,  to 
ground  must  be  reduced  to  as  low  a 
value  as  possible.  Careful  arrange- 
ment of  the  elements  of  the  net- 
work, together  with  a short  input 
lead,  will  increase  the  accuracy  of 
power  output  measurements. 

There  are  several  precautions  to 
be  taken  in  connection  with  the  de- 
sign, construction,  and  use  of  the 
artificial  antenna  described  here. 


The  various  components  of  the  net- 
work must  be  carefully  chosen  to 
give  satisfactory  service.  This  cau- 
tion is  particularly  applicable  to  ca- 
pacitor Ci  which  may  be  subjected 
to  extremely  high  r-f  potential,  even 
with  low-power  transmitters.  For 
example,  at  two  megacycles,  a trans- 
mitter which  produces  20  watts  in 
an  antenna  resistance  of  three  ohms 
causes  a current  of  2.57  amperes 
rms  to  flow.  Using  the  value  of  C, 
in  our  typical  case,  69.9  nni,  the 
current  in  C,  would  be  2.25  am- 


peres. The  peak  voltage  across  C, 
with  100-percent  modulation  is  2 x 
1.4  X 1140  x 2.25  = 7,160  volts. 

In  conclusion,  while  the  antenna 
network  presented  here  falls  con-  * 
siderably  short  of  perfection,  it  ijj 
does  have  a substantial  field  of  use- 
fulness from  an  engineering  point  - 
of  view.  The  effort  consumed  by  its 
design  and  construction  is  small 
indeed  when  one  considers  the 
amount  of  time  which  can  be  saved  | 
in  the  development  and  testing  of 
multi-frequency  transmitters. 


CED «- 


FTG.  S — Assumed  circuit  from  which  re- 
active network  Is  developed 


Appendix  II 

Simulation  of  Resistance  Curve 

In  the  network  of  Fig.  6A  the 
equivalent  series  resistance,  R„  as 
shown  at  Fig.  6B  is  a function  of 
the  branch  reactance  Xt  which  in 
turn  is  some  function  of  frequency; 
thus 


If  <o.  is  the  angular  frequency  at 
which  the  L,C,  loop  is  in  parallel 
resonance,  that  is : L,C,  = l/w,*,  and 
similarily,  if  u>,  is  the  angular  fre- 
quency at  which  the  circuit  of  Fig. 
6C  is  in  series  resonance  so  that 
Li  (Ci  + Ct)  = l/m/,  Eq.  (13)  can 
be  written  in  terms  of  resonant  and 
antiresonant  angular  velocities. 

There  are  three  unknowns  in  this 
resultant  equation,  namely,  R„  <■>., 
and  Ci.  If  three  conditions  are 
known,  a corresponding  number  of 
simultaneous  equations  can  be  set 
up.  The  most  convenient  boundary 
conditions  are  the  two  limit  fre- 
quencies and  one  intermediate  fre- 
quency, and  the  corresponding  an- 
tenna resistances.  Using  these 
values  to  solve  this  equation  gives 
the  design  equations  of  Table  III. 


FIG.  6— Circuit  from  which  rvxlxBvo  net- 
work U developed:  (A)  the  oeenmed 
circuit,  (B)  the  equivalent  eerlee  circuit, 
and  1C)  the  final  design 
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FIG.  5 — Assumed  circuit  from  which  re- 
active network  is  developed 

Apposdlx  I Simulation  of  Reoctanco 
Curve 

Neglect  the  resistance  in  the  cir- 
cuit. The  reactive  portion  of  the 
simulated  antenna  can  be  repre- 
sented by  Fig.  5.  The  total  circuit 
reactance  is 

.Yr  = 

X i -Y,  Y,  4’  XiXt  ( Xx  4-  A,) 

X,  X,  + X,  ( X,  + .Yr)  + .Y,  ( X,  + X,)  (S) 

let  A" j = 4-  utt 
AT*  =*  — 1/ ta  Ci 

Xi  = — 1/m  Ci 
Xi  » — 1/m  Ci 

Substituting  these  values  into  Eq. 
(6)  gives 

a M1  Zo  (Cl  -f-  Cl)  — 1 
’ mC,  u - M>  Li  (Cl  + Cl)  ] 

— uCi  (m*  Li  Ci  — 1) 

when  w = w„  XT  — 0 

Ma’Zj  (C,  Ci)  — 1=0 
when  <n  = u>„  XT  - infinity 
C,  [1  - M-’C,  (Cl  4-  C.)  J - 


R.  = 


(«!  Ki)  (Ki  + tti)  + ft, 

(Si  + Sr)*  + Y,> 


(10) 


when  m = 


x , 


XT  = X, 

M1»  Li  (Cl  4-  Cl)  - 1 


on  C,  [1  — m:5  L,  (Ci  4*  Ci)) 

- m,  Ci  (fa,'  L,  Ci  - 1 (9) 

Equations  (7),  (8),  and  (9)  are 
now  solved  simultaneously  for  un- 
knowns Ci, Ci,  and  h„  giving  the 
equations  of  Table  II. 


This  circuit  is  satisfactory  for 
our  purpose  because  the  equivalent 
series  reactance  X,  can  at  all  times 
be  made  small  compared  to  either 
the  total  series  resistance  or  the 
total  series  reactance.  This  total 
series  reactance  includes  the  re- 
actance developed  in  Appendix  I. 
We  are  primarily  concerned  with 
the  duplication  of  a resistance  vari- 
ation. The  magnitude  and  impor- 
tance of  X,  is  considered  elsewhere. 

The  minimum  value  of  Rs  in  Eq. 
(10)  occurs  when  X,  = 0 and  R,  — 
Ro  ~ R,R,/(R,  4-  Ri) . If  Eq.  (10) 
is  solved  for  X,  we  obtain 
A’,  = ± 


Rfi:  R, ) (R,  4 - R,)  - R,  («,  4-  RiY 

~\X 

I (11) 

L R,  - R, 

(6) 

(7) 

From  the  condition  for  a minimum 
value  of  Rs,  R,  = RJt,/(R,  -R„), 
which,  substituted  into  Eq.  (11), 

gives 

(8) 

v _ ( ft*  \ * 

' \R-.~  RJ  Lff,  - R,J 

(12) 

Now  if  in  Fig.  6A,  X,  assumes  th< 
configuration  of  Fig.  6C. 

X = 1 ~ (C:  + Ci) 

M Cl  (m3Di  Cl  — 1) 

Substituting  this  value  of  X , into 
Eq.  (12)  yields 

1 - - C-'  (Ci  4-  Ca)  _ 
mC,  (m’L,  C*  — 1) 
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Permeability  Tuning 


Survey  of  applications  for  movable  pulverized  iron  cores  in  postwar  a-m,  f-m,  and  tele- 
vision receivers,  and  analysis  of  factors  to  be  considered  in  designing  permeability  tuners 


By  W.  J.  P0LYD0R0FF 

Consulting  Engineer 
Chicago,  Illinois 


WITH  manpower,  raw  materials, 
and  plant  capacity  now 
available  for  producing  home  and 
auto  radio  receivers,  the  following 
facts  about  permeability  tuning 
constitute  a timely  aid  in  the  design 
of  postwar  sets. 

Judging  from  pre-war  acceptance 
of  systems  of  tuning  in  which  in- 
ductance was  varied  instead  of  ca- 
pacitance in  tuned  circuits,  permea- 
bility tuning  will  be  found  in  the 
majority  of.  the  auto  sets  and  in  a 
good  share  of  home  radios.  The  ad- 
vantages are  economy,  compactness, 
light  weight,  stability,  and  absence 
of  microphonics.  In  addition,  in  a 
series-resonant  antenna  circuit  the 
use  of*  permeability  tuning  com- 
pensates the  customary  lack  of  se- 
lectivity at  the  high-frequency  end 
of  the  tuning  range  because  it  is 
possible  to  secure  a substantially 
constant  Q.  In  r-f  amplifiers  it  is 
advantageous  to  employ  circuits  in 
which  the  ratio  of  L to  R is  a con- 
stant so  that  the  amplification  is 
maintained  constant  with  uniform 
selectivity.  In  oscillator  circuits, 
stability  is  gained  by  use  of  high  Q 
and  again  permeability  tuning  has 
something  to  offer. 

Saptrlnttredym  Applications 

Superheterodynes  have  been  built 
with  one  or  two  stages  of  preselec- 
tion. A two-gang  tuner  (preselec- 
tor and  oscillator)  offers  an  attrac- 
tive mechanical  design  since  it  is 
possible  to  arrange  the  two  cores 
with  continuous  mechanical  coup- 
ling so  that  both  cores  move  and 
maintain  tracking.  At  the  same 
time  the  indicator  may  be  actuated 
by  mechanical  coupling  to  the  cores. 


1 


Evolution  of  ponneabllity  tuners.  Left  to  right:  Early  pot  tuner;  British  tuner 
with  tapered  coil;  smalt  high-Q  pot-type  tuner:  five  versions  of  the  modern 
tun«rs  d •scribed  in  this  article 


When  the  police  band  is  included, 
the  preselector  permeability  tuner 
should  provide  an  inductance  vari- 
ation of  about  10  to  1 while  the  os- 
cillator variation  is  of  the  order  of 
6 to  1.  Tracking  is  accomplished  by 
using  two  similar  cores,  having 
larger-diameter  tubing  for  the  os- 
cillator, or  by  two  similar  forms 
and  a smaller-diameter  core  for  the 
oscillator.  In  addition,  the  oscillator 
coil  may  be  wound  with  a progres- 
sive pitch  which  further  improves 
the  tracking. 

If  the  public  were  deprived  of  the 
questionable  entertainment  of  lis- 
tening to  police  reports,  then  the 
inductance  ranges  for  preselector 
and  oscillator  become  7.8  to  1 and 
8.9  to  1 respectively,  corresponding 
to  the  requirements  for  auto  re- 
ceivers. 

While  a few  auto  sets  have  been 
made  with  two-gang  tuners,  the 
low  pickup  of  the  auto  antenna 
necessitates  an  additional  r-f  stage 
so  that  image-frequency  problems 
and  cross-modulation  interference 
practically  disappear.  It  must  be 
borne  in  mind,  however,  that,  trf 
circuits  require  interstage  shield- 
ing and  shielding  of  a permeabil- 
ity-tuned inductor  with  open  core 
reduces  the  inductance  variation. 
Hence,  it  is  necessary  to  start  with 
a variation  of  inductance  higher 


than  10  to  1 to  arrive  at  the  neces- 
sary 7.8  to  1 inside  the  shield. 

In  the  construction  of  permeabil- 
ity tuners  thin-walled  tubing  is 
used  for  coils,  the  practical  wall 
thickness  being  approximately  fif- 
teen thousandths  of  an  inch.  The 
core  usually  fits  inside  the  tube, 
with  clearance  of  not  over  0.002 
inch,  in  order  to  realize  the  desired 
inductance  variation.  In  the  sim- 
plest case  a single  layer  of  enameled 
wire  is  wound  over  the  tubing  to  an 
inductance  of  80  to  100  microhen- 
rys.  Such  a winding  usually  has  a 
Q of  30  to  50  at  1,500  kc.  With  6/42 
wire  and  a i-inch  diameter  core  it 
is  possible  to  approach  maximum  Q 
of  100.  When  higher  Q is  desired 
the  progressive  universal  winding 
is  employed,  using  something  like 
10/42  or  20/44  Litz. 

Analysis  of  Typical  Tuners 

Table  I gives  the  characteristics 
of  four  sizes  of  permeability  tuners 
which  have  either  been  in  use  be- 
fore the  war  or  appeared  later. 
Types  1 and  2 were  used  before  the 
war.  Type  2 should  be  preferred 
in  every  case  as  it  gives  better  per- 
formance, longer  spread  of  fre- 
quencies on  account  of  larger  stroke, 
and  better  mechanical  strength  of 
the  core  itself.  It  also  permits  use 
of  thicker-wall  tubing.  The  differ- 
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TABLE  I.  CHARACTERISTICS  OF  PERMEABILITY  TUNERS 


Typa 

Cor. 

Coil 

Winding 

Oof 

Coil* 

Cora 

Diavn. 

Langth 

L/D 

Diam. 

Langtli 

L/D 

luff 

1 

0.198 

1.375 

7 

0.225 

1.2 

5.4 

10 

Sinjlt  laytr 
anamalad 

30-70 

Pratalador  coib 
for  broadcast 

2 

0.256 

1.5 

6 

0.275 

1.25 

4.5 

10 

Singlt  laytf 
Litz 

50-90 

rang* 

Prog,  univarsal 
Litz  6/42 

75-100 

3 

0.312 

1.875 

6 

0.35 

1.625 

4.5 

11 

Prog.  univ. 

100-125 

4 

0.375 

1.5 

0.415 

1.250 

3.04 

4 

Single  lavar 
anamalad 

125-175 

Short-wav* 
6-18  RK 

0.430 

1.375 

3.2 

8.5 

Prog,  inthr. 
Litz  20/44 

125-150 

Broadcast  band 
high-Q  coil 

enee  in  the  cost  of  the  two  cores  is 
negligible  as  compared  with  other 
components.  It  is  only  in  the  case 
of  the  oscillator  coil  that  type  1 can 
be  used  without  material  difference 
in  performance. 

Type  3 represents  a core  that 
was  used  in  a commercial  loop  re- 
ceiver in  which  a preselector  cir- 
cuit including  a low-impedance  loop 
was  tuned  by  this  core.  It  is  be- 
lieved that  with  improved  tech- 
niques of  pressing,  this  core  may 
be  reduced  in  length  to  14  inches 
and  still  maintain  the  same  cover- 
age. Fairly  high  Q is  obtainable 
with  this  tuner  when  20-strand 
Litz  is  employed. 

In  a large  console  it  is  possible 
to  provide  adequate  spacing  for  a 
highly  efficient  tunable  loop,  but  in 
a small  receiver  the  loop  is  usually 
jammed  against  the  chassis,  with 
loss-producing  metal  in  the  field  of 
the  loop.  In  small  sets  the  effi- 
ciency of  a tunable  loop  may  there- 
fore be  reduced  by  6 db  because  of 
chassis  losses. 

A loop  stage  tuned  by  an  iron- 
core  inductor  is  shown  in  Fig.  IA. 
The  loop  is  at  the  grounded  end  of 
the  circuit,  in  series  with  a vari- 
able inductance.  In  addition  to  its 
simplicity  this  circuit  possesses  a 
low  initial  capacitance  of  the  order 
of  2 to  3 mi f.  The  value  of  the  in- 
ductance of  a loop  in  series  with  a 
tuning  inductance  is  determined 
from  a simple  formula 

, ...  Ms,n-  (/■»»//-  i-1)! 

* (W//, mi.1)  - 1 

where  /„„  and  are  the  desired 
limits  of  frequency,  L . is  the 
inductance  of  the  loop  aerial,  L.  is 
the  minimum  inductance  of  the 
tuner,  and  /*.„  is  the  total  induc- 
tance variation  of  the  tuner.  The 
H.u  of  a usual  iron-core  tuner  is  10, 
so  that  L . — 0.32 L.  or  roughly  one- 
third  of  the  minimum  inductance 
for  the  broadcast  range. 

With  L.  = 300  the  value  of  L . is 
100  and  the  value  of  total  capaci- 
tance becomes  24  /*/tf,  which  can  be 
realized  with  a 10  to  20- fi/it  adjust- 
able trimmer.  In  this  case  a loop  in 
series  with  the  inductor  covers  the 
entire  broadcast  range,  with  a loss 
of  3 db  as  compared  with  capacitor 
tuning. 

Since  a loop  and  its  tuning  in- 
ductor are  interdependent,  in  the 


design  of  loop  receivers  the  tuners 
and  loops  must  be  considered  to- 
gether for  their  frequency  cover- 
age and  for  oscillator  tracking. 

It  is  now  possible  to  increase  /i.„ 
to  16  and  even  18,  by  the  employ- 
ment of  closed-type  binocular  struc- 
ture. Then  a loop  of  200  /ih  can  be 
employed  with  L,  = 200  /ih  so  that 
larger  frequency  coverage  and  full 
sensitivity  are  realized. 

Short-Wav*  Applications 

The  large  size  of  tuning  core,  j- 
inch  diameter  by  li  inches  long, 
may  employ  high-grade  iron  powder 
suitable  for  short-wave  reception. 
With  finer  subdivision  of  iron  the 
effective  permeability  is  reduced 
and  it  is  impractical  to  attempt  to 
cover  the  short-wave  range  from  6 
to  18  me  with  a single  tuner.  Sev- 
eral pre-war  models  used  spread- 
band  tuning  in  which  cores  covered 
partial  frequency  bands  including 
the  majority  of  international  broad- 
cast stations. 

With  the  public  demanding  con- 
tinuous tuning,  a new  core  has  been 
designed  to  cover  the  short-wave 
band  in  two  steps : 6 to  11  me,  and 
10  to  18  me.  Such  distribution  of 
short-wave  stations  somewhat  ap- 
proaches a band-spread  dial  yet  of- 
fers continuous  tuning  throughout 
the  whole  range  of  frequencies.  In 
practice  this  can  be  accomplished 
by  one  tuning  unit  with  a choice  of 
two  values  of  fixed  capacitors. 

Figure  IB  shows  such  an  antenna 
circuit,  with  approximate  values  of 
inductance  and  capacitance.  The 
coil  is  wound  in  the  usual  manner 
and  can  be  made  with  No.  24  or  26 
wire  on  a thin-walled  tube.  If, 
however,  the  frequency  coverage  is 
to  be  increased,  say  by  6 percent, 


two  coil  windings  can  be  laid  on 
the  same  tube  side  by  side,  with  the 
windings  wound  closer  together  and 
preferably  in  reverse  directions  as  ! 
shown  in  Fig.  1C.  To  obtain  maxi- 
mum effective  permeability  at 
higher  frequencies  the  turns  must 
be  laid  close  together.  By  parallel- 
ing two  or  more  sections  of  higher 
inductance  we  may  get  the  total 
value  of  the  inductor  down  to  a de-  s 
sired  value.  The  arrangement 
shown  in  Fig.  1C  possesses  higher 
Q since  the  adjacent  turns  are  at 
the  same  potential,  and  therefore 
electrostatic  losses  are  reduced.  In 
certain  vhf  applications  up  to  four 
sections  wound  in  this  manner  were 
successfully  employed,  with  the  re- 
sult that  the  effective  frequency 
coverage  was  noticeably  inSreased. 

Figure  2 shows  the  manner  in 
which  Q varies  with  frequency  for  | 
several  of  the  permeability  tuners  | 
covered  in  Table  I.  In  general,  Q i 
decreases  as  frequency  goes  up.  | 

i 

Cora-Moldiag  Teehalqns  j 

With  existing  core  materials  it 
is  possible  to  employ  permeability 
tuning  at  much  higher  frequencies, 
such  as  those  for  f-m  and  televi- 
sion. Smaller  grain  size  should  be 
employed  to  keep  eddy  current 
losses  down,  which  in  turn  de- 
creases the  practical  density  of  the 
core  material  and  increases  the 
number  of  gaps  in  the  magnetic  cir- 
cuit. Both  tend  to  reduce  the  per- 
meability and  consequently  the  per- 
meability drops  to  a value  of 
about  4 in  the  region  of  100  me,  as 
contrasted  to  80  for  broadcast-band 
applications.  Using  the  same  geo- 
metrical dimensions  of  core  and  coi 
we  may  expect  an  inductance  varia- 
tion in  broadcast  receivers  of  the 
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order  of  10  to  1,  in  short-wave  re- 
ceivers of  the  order  of  4 to  1,  and 
less  than  2 to  1 in  the  vhf  bands. 

In  the  production  of  long  cores 
special  techniques  of  pressing  and 
molding  have  been  developed.  With 
pressure  applied  to  the  ends  of  the 
core  a considerable  friction  devel- 
ops in  the  mold,  so  that  very  high 
pressures  are  used  to  produce  cores 
of  desired  density.  Since  the  orig- 
inal powder  mixture  contains  little 
plastic  ingredients,  the  pressure  is 
not  readily  transmitted  toward  the 
center  of  the  core,  resulting  in  de- 
creased density  and  permeability  in 
the  middle  region  of  the  core.  Worst 
of  all,  this  degree  and  location  of 
soft  spot  is  never  the  same  in  two 
identically  prepared  cores.  The  re- 
sult is  that  when  two  similar  cores 
are  moved  into  the  coil,  the  gradi- 
ent of  inductance  variation  changes 
from  one  core  to  another,  making  it 
difficult  to  track  two  circuits  to- 
gether. 

Several  core  makers  have  resorted 
to  a double  selection  method  in 
which  the  cores  are  matched  fully 
in  the  coil,  and  also  matched  at  the 
middle  position.  Thus  it  is  possible 
to  obtain  uniform  tracking  in  a 
selected  family  of  cores,  but.  the 
problem  of  replacements  and  inter- 
changeability is  complicated  as  the 
manufacturer  is  forced  to  maintain 
a stock  of  different  families  with 
several  sub-families  in  each  for  re- 
placement. 

When  excessive  pressure  is  ap- 
plied to  both  ends  during  molding, 
it  becomes  quite  a problem  to  ex- 
tract the  core  after  it  is  pressed. 
One  manufacturer  employs  split 
molds  as  a successful  but  slow 
method  of  extracting  the  cores. 


Not  long  ago  a core  manufac- 
turer introduced  long  cores  which 
were  strong  and  uniform  through- 
out their  length,  both  of  these  qual- 
ities being  obtained  by  side  press- 
ing. This  type  of  pressing  uses  a 
longitudinal  mold  cavity  and  both 
top  and  bottom  plungers  are 
rounded.  The  core  compresses  very 
easily  since  the  depth  of  compres- 
sion amounts  to  the  diameter  of 
the  core.  It  is  difficult  to  produce 
perfectly  round  cores  by  this 
method,  but  after  the  cores  are  com- 
pleted they  can  be  ground  in  cen- 
terless grinders , to  a cylindrical 
shape. 

Initial  and  Effective  Pnrmaablllty 

For  any  given  powder  the  initial 
permeability  is  a function  of  the 
density  to  which  the  mixture  has 
been  pressed.  The  initial  permea- 
bility can  only  be  realized  in  a 
toroidal  coil  and  approached  in  a 
closed  pot  type.  In  open-type  cyl- 
inder cores,  the  effective  permea- 
bility is  only  a fraction  of  the  full 
permeability  and  depends  on  the 
ratio  of  length  to  diameter  and  on 
the  permeability  of  the  material. 
The  longer  the  cylinder  is,  the 
higher  will  be  the  effective  perme- 
ability for  variable  inductors.  The 
higher  the  permeability  of  the  ma- 
terial, the  higher  is  the  effective 
permeability  up  to  a certain  value. 

For  further  increase  in  the  effec- 
tive permeability  two  cores  and 
coils  may  be  employed  in  a binocu- 
lar pair,  or  an  elongated  sleeve  of 
the  same  material  may  be  added  on 
the  outside  of  the  coil. 

Orleetatloe  of  Cora  fartlelei 

Additional  increase  in  permeabil- 


ity may  be  obtained  by  using  flat 
or  flattened  particles  laid  and  com- 
pressed with  their  flat  faces  paral- 
lel. The  pressure  in  this  case  is 
applied  transversely  to  the  flat 
faces,  so  that  cylindrical  cores  have 
to  be  pressed  lengthwise.  By  care- 
ful selection  of  flat  particles  having 
high  permeability  and  careful  align- 
ment in  the  mold,  it  has  been  pos- 
sible to  produce  permeability  tun- 
ers of  relatively  short  stroke,  such 
as  11-inch  length  for  a i-inch  di- 
ameter core,  with  correspondingly 
shortened  coil.  If  proper  Litz  and 
universal  windings  are  used,  bigh- 
ts permeability  tuners  may  be  made 
for  the  broadcast  and  police  fre- 
quency range.  A directional  per- 
meability, similar  to  laminated 
cores,  is  observed  and  obviously 
should  be  applied  in  the  direction 
of  the  magnetic  axis  of  the  coil. 

Other  CoasIderatioM 

Permeability  tuning  has  been 
successfully  applied  to  low-power 
transmitter  circuits;  using  cores  up 
to  2 inches  in  diameter  and  weights 
up  to  2 pounds. 

Higher-power  applications,  above 
50  watts,  have  not  yet  been  success- 
fully solved,  mainly  because  of  the 
heat  unavoidably  generated  in  the 
core.  This  difficulty  is  further  ag- 
gravated by  the  fact  that  the  usual 
core  materials  are  poor  heat  con- 
ductors and  the  organic  materials 
employed  for  binding  the  core  dis- 
integrate under  heat. 

In  cores  for  high-power  applica- 
tions it  is  essential  to  eliminate  or- 
ganic materials  or  entirely  elimi- 
nate the  binder  and  rely  on  sinter- 
ing after  compression  to  produce 
a quasi-laminated  structure. 
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FIG.  1 — Circuit  lor  measuring  the  resistance  oi  a suppressor  subjected  to  high 
impulse  voltage.  One  oscilloscope  is  employed  as  an  indicator  ol  the  balance 
point  ol  the  bridge  and  the  other  lor  measurement  of  the  peak  voltage  applied 
to  the  sample 


COMPOSITION-TYPE  resistors  are 
ordinarily  possessed  of  a volt- 
age coefficient  characterized  by  de- 
creasing resistance  as  the  voltage 
applied  to  the  element  increases. 
The  rate  of  resistance  drop  with  in- 
creasing voltage  is  dependent  upon 
physical  characteristics  of  the  re- 
sistor such  as,  for  example,  the  in- 
gredients comprising  the  mix  and 
the  physical  size  in  relation  to  the 
resistance  value. 

Problem  of  High  Voltage 

The  suppression  effectiveness  of 
a resistor  element  applied  to  a high- 
tension  ignition  circuit  is  a func- 
tion not  necessarily  of  the  resis- 
tance at  low  voltages,  such  as  would 
normally  be  used  in  an  ohmmeter 
circuit,  but  of  the  resistance  at  the 
instant  of  spark-plug  discharge 
when  the  full  high  voltage  of  the 
system  is  impressed  momentarily 
across  the  suppressor.  The  general 
range  of  ignition  voltages  is  consid- 
ered to  be  approximately  from  5,000 
volts  to  12,000  volts,  with  the  ma- 
jority of  motor  vehicles  normally 
operating  near  the  lower  limit 
The  measurement  at  low  voltage 
of  any  given  resistor  sample  is  a 
relatively  simple  matter.  A num- 
ber of  adequate  methods  are  avail- 
able and  generally  applicable  for 
the  condition  under  which  the  ap- 
plied voltage  does  not  greatly  ex- 
ceed the  rated  voltage  of  the  sam- 
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pie,  or  under  which  the  measure- 
ment can  be  made  quickly  enough 
so  that  appreciable  heating  of  the 
sample  does  not  occur.  However,  it 
is  evident  that  commonly  employed 
methods  cannot  be  used  where 
measurements  are  to  be  made  with 
applied  voltages  of  5,000  to  12,000 
volts  and  where  the  resistor  ele- 
ment is  a composition  carbon  sup- 
pressor rated  at  10,000  ohms  and 
i watt. 

High  voltages  may  be  applied  to 
the  resistor  element  in  question 
only  momentarily  if  a serious  heat- 
ing effect  is  to  be  avoided.  Thus  a 
pulse  of  the  desired  peak  value  must 
be  generated.  As  well  as  being  of 
extremely  short  duration,  it  is  de- 
sirable that  the  pulse  be  relatively 
free  of  higher  harmonics  and  con- 
sequently approximately  sinusoidal 
in  wave  form,  yet  capable  of  being 
reproduced  accurately  and  repeat- 
edly. 

Generation  of  Pulse 

Essentially,  the  procedure  for 
generating  voltage  pulses  of  the  de- 
sired characteristics  is  to  discharge 
a capacitor  through  the  primary 
winding  of  a suitable  step-up  trans- 
former. The  resulting  voltage  wave 
appearing  across  the  secondary 
winding  is  actually  a rapidly 
damped  wave  train  of  relatively 
short  duration.  The  initial  half- 


cycle will,  with  the  use  of  proper 
circuit  elements,  reach  a peak  value  ■ 
of  several  thousand  volts  and  be 
eminently  satisfactory  for  the  pur-  11 
pose  of  high-voltage  resistance 
measurements. 

One  specific  circuit  is  shown  in  ii 
Fig.  1.  In  this,  the  pulse  is  gener-  I ft 
ated  by  closing  the  key,  thereby  dis- 
charging a 4-/if  capacitor  through 
the  primary  of  a 3-kva,  60-cycle  I a 
power  transformer.  A pulse  of  ap-  i 
proximately  12,000  volts  peak  is  de- 
veloped across  the  loaded  trans- 
former secondary  when  the  capaci- 
tor is  charged  to  the  full  1,000  volts 
just  prior  to  discharge.  The  trans- 
former windings  consist  of  a 110- 
volt  primary  and  a 3000-volt  sec- 
ondary. 

The  d-c  power  supply  may  be  any 
source  that  is  variable  over  the 
range  from  zero  to  approximately 
1,000  volts  and  capable  of  with- 
standing a current  drain  sufficient 
to  charge  a 4-uf  capacitor  to  1,000 
volts  through  a 10,000-ohm  resis- 
tor once  every  second. 

Resistance  Measuring  Circuit 

The  measurement  is  accomplished 
by  use  of  the  Wheatstone  bridge 
circuit,  one  arm  of  which  is  the  re- 
sistor sample  under  test.  The  high- 
voltage  pulse  is  impressed  across 
the  entire  bridge,  and  a balance  is 
obtained  by  adjusting  the  variable 
arm.  The  null,  or  balance  point,  is 
indicated  by  the  trace  on  an  oscil- 
loscope connected  across  the  bridge 
at  points  diagonally  opposite  the 
high-voltage  pulse  connections. 

A measure  of  the  peak  voltage  oi 
the  pulses  impressed  across  the  test 
sample  is  obtained  from  the  height 
of  the  trace  on  the  screen  of  a sec- 
ond oscilloscope,  calibrated  in  con- 
junction with  a high-voltage  at- 
tenuator. 

With  reference  again  to  the  dia- 
gram of  Fig.  1,  the  two  fixed  arms 

November  IMS  - ELECTRONICS 


Digitized  by  LnOOQle 


MEASUREMENT 
High  Impulse  Voltages 


Commonly  used  methods  of  measuring  resistance  cannot  predict  the  effect  of  voltage 
coefficient  on  resistors  subjected  to  high  impulse  voltages.  The  decreased  resistance 
caused  by  impulses  such  as  ignition  voltages  can  be  determined  by  the  technique  described 


of  the  bridge  circuit  are  10,000 
ohms  and  100  ohms  respectively. 
These  are  wire  wound  resistors 
which  have  zero  voltage  coefficient. 
The  variable  arm  consists  of  a dec- 
ade box,  also  of  wirewound  ele- 
ments, whose  setting  at  balance  is 
exactly  1/100  of  the  test  sample  re- 
sistance. The  null-point  indicating 
oscilloscope  used  here  is  a 3 inch 
R.C.A.  Model  155-A,  while  the  pulse 
measuring  system  is  composed  of  a 
DuMont  oscilloscope,  type  No.  208, 
and  a specially  co-calibrated  Rowe 
Research  Laboratory  high-voltage 
attenuator,  type  No.  CA-211. 

Oparatlag  Procedar*  Olid  Rracastlom 

After  connecting  the  resistor 
sample  into  the  bridge  circuit,  the 
output  of  the  d-c  supply  is  adjusted 
until  the  desired  pulse  voltage,  as 
indicated  on  the  pulse-measuring 
scope,  is  applied  across  the  test 
sample.  During  this  and  the  subse- 
quent procedure,  the  pulses  should 
be  produced  at  a rate  not  exceeding 
one  per  second  in  order  to  avoid  ap- 
preciable heating  of  the  sample  and 
in  order  that  the  capacitor  may  be- 
come completely  charged  between 
discharges,  thus  assuring  identical 
amplitudes  for  successive  pulses. 

With  the  desired  pulse  voltage 
obtained,  the  decade  box  used  as 
the  variable  arm  of  the  bridge  is 
adjusted  to  produce  balance.  For 
the  particular  fixed  arm  resistance 
values  used  herein,  the  resistance 
of  the  unknown  test  sample  at  the 
selected  voltage  is  then  100  times 
the  decade-box  setting. 

The  bridge  circuit  is  considered 
balanced  for  the  setting  at  which 
the  overall  height  of  the  trace  on 
the  null-point  indicating  oscillo- 
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sistors Is  10.000  ohms,  one  watt 


scope  is  either  zero  or  minimum. 
The  height  will  be  zero  or  nearly  so 
when  the  test  sample  has  little  or 
no  voltage  coefficient,  but  for  re- 
sistors with  any  appreciable  degree 
of  nonlinearity,  the  overall  height 
of  the  trace  cannot  be  reduced  to 
zero  and  the  null  point  becomes 
somewhat  more  difficult  to  detect. 

Indicator  Troeo 

The  effect  of  voltage  coefficient  or 
nonlinearity  is  to  introduce  a third 
harmonic  into  the  current  wave  in 
the  side  of  the  bridge  circuit  con- 
taining the  sample.  This  harmonic, 
depending  in  amplitude  upon  the 
degree  of  the  nonlinearity,  appears 
in  the  voltage  wave  across  the  ter- 
minals of  the  null-point  indicator 


and  cannot  be  balanced  out.  Hence 
the  balance  point  in  this  case  is 
taken  to  be  that  at  which  the  funda- 
mental of  the  first  half -cycle  of  the 
pulse  wave  train  is  balanced  out, 
and  nothing  but  harmonics  remain 
in  the  oscilloscope  trace.  The  fun- 
damental is  identified  by  a long 
tail  extending  well  above  or  below 
the  zero  line  and  rapidly  decreas- 
ing, as  balance  is  approached  from 
the  high  side,  until  finally  at  bal- 
ance it  disappears  into  the  traces  of 
the  harmonics. 

It  will  generally  be  found  most 
satisfactory  to  operate  the  null-in- 
dicating oscilloscope  with  a hori- 
zontal sweep  of  approximately  i 
inch  and  from  200  to  300  cps. 

The  fixed  arms  of  the  bridge  may 
be  composed  of  inductive  wire- 
wound  resistors.  The  inductance  so 
introduced  has  only  a negligible  ef- 
fect on  the  accuracy  of  measure- 
ment at  the  frequency  of  the  pulse 
wave.  A 10,000  ohm  wirewound  re- 
sistor, with  zero-voltage  coefficient 
when  measured  at  10,000  volts, 
reads  within  0.5  percent  of  its  re- 
sistance at  6 volts  d-c. 

Typical  Resalts 

Figure  2 shows  typical  curves  of 
resistance  plotted  against  high  im- 
pulse voltage  obtained  for  repre- 
sentative samples  of  composition 
carbon-type  suppressors  nominally 
rated  10,000  ohms  at  one  watt.  The 
curves  are  seen  to  be  relatively 
straight  lines,  from  approximately 
1,000  volts  on  up,  with  a constant 
negative  slope.  Thus  for  these  sam- 
ples, the  resistance  drop  at  high  im- 
pulse voltages  is  approximately  di- 
rectly proportional  to  the  peak  value 
of  voltage. 
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FIG.  2 — Field  intensity  in  a permanent 
magnet  as  a function  of  aspect  ratio 
L/D  (horizontal  scale)  for  Alnlco  V 


OSE  of  parallel  magnetic  circuits 
rather  than  conventional  sin- 
gle-magnet or  series  magnetic  cir- 
cuits results  in  many  cases  in  a 
more  efficient  utilization  of  the 
magnetic  material.  By  using  par- 
allel magnetic  circuits,  desired  field 
strengths  may  be  obtained  in  me- 
ters with  less  magnetic  material, 
resulting  in  systems  weighing  less 
and  occupying  less  space.  This 
makes  the  method  particularly  use- 
ful in  design  of  aircraft  instru- 
ments, where  space  and  weight 
limitations  are  important. 

The  method  of  design  is  particu- 
larly suited  to  cases  where  the  mag- 
netic circuit  is  subjected  to  open- 
circuit  conditions  or  strong  demag- 
netizing influences  during  its  his- 
tory, and  it  is  necessary  to  make 
the  magnetic  system  very  stable. 
'Considerable  advantage  is  also  ob- 
tained, however,  in  circuits  which 

(60 


are  not  subjected  to  very  severe 
demagnetizing  influences. 

The  problem  of  efficiently  design- 
ing a magnetic  circuit  has  been 
thoroughly  explored  by  present-day 
designers.  Usually,  however,  design 
considerations  are  based  upon  a 
magnetic  circuit  in  which  the  mag- 
netomotive force  is  supplied  by  one 
or  more  magnets  in  series. . Experi- 
mental data  and  analysis  point  to 
the  fact  that  by  using  parallel  mag- 
netic circuits,  a given  field  in  an 
air  gap  may  be  obtained  with  con- 
siderably less  magnetic  material. 

The  fundamental  problem  is  as 
follows:  a given  magnetic  field  is 
desired  in  an  air  gap  of  given  area 
and  length.  What  magnet  design 
must  be  adopted  to  give  a stable 
field  of  the  stated  value,  using  a 
minimum  amount  of  magnetic 
material? 

Underhill  discusses  the  problem 
thoroughly*  and  gives  design  equa- 
tions for  a single  series  circuit. 
The  problem  of  greatest  interest  is 
one  where  the  magnets  have. been 
subjected  to  open-circuited  condi- 
tions at  one  time  or  another.  The 
design  must  be  taken  from  this 


standpoint  if  a stable  field  is  L 
desired.  L 

In  the  event  that  the  magnetic 

circuit  is  not  subjected  to  the  de- 
magnetizing  influence  of  the  air  - 
gap,  the  basic  principles  developed 
in  the  following  analysis  still  con- 
tinue  to  hold,  and  advantage  is  ob-  , 
tained  in  the  use  of  parallel  mag-  j 
nets.  The  advantages  are  more 
apparent  in  the  case  where  the 
magnets  are  subjected  to  the  equiv- 
alent of  open-circuit  conditions, 
however,  and  the  analysis  will  be 
approached  from  that  standpoint. 

We  shall  reiterate  here  the  condi- 
tions which  determine  the  design  of 
a single  series  magnetic  circuit, 
then  show  how  it  is  modified  by 
use  of  multiple  circuits. 

>«nrf  for  Slaglo  Magnot 

Referring  to  Fig.  1 which  is  the 
demagnetization  portion  of  the  B-H  | 
curve  for  a given  material,  when  s j 
bar  or  U magnet  is  magnetized  to 
saturation  then  subjected  to  open- 
circuit  conditions,  its  state  is  rep- 
resented by  point  A on  the  curve, 
where  the  magnetic  field  and  co-  1 
ercive  force  have  the  values  BA  and  1 
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MAGNETIC  CIRCUITS 


small  permanent  magnets  in  parallel  use  less  magnet  material  to  produce  a given  field 
strength  in  an  air  gap,  hence  offer  weight  and  space  advantages  in  aircraft  and  other 
meters  or  synchros.  Design  equations  and  graphs  give  minimum  magnet  spacing 


Transmitter  jilelt)  and  receleer  (right)  at  a remote  Indicating  impntae  system 
employing  parallel  magnetic  circuits  to  reduce  weight  as  required  for  an 
aircrait  application,  lower  slews  hare  magnetic  bridge  remored  to  show 
* m>rrma«manf  of  maaneti  more  clearly 


tf,  respectively.  This  point  is  de- 
termined by  the  L/D  ratio  of  the 
magnet,  where  L = length  of  mag- 
net, and  D = effective  diameter  = 
2\/area/it. 

Figure  2 shows  the  relationship 
between  L/D  and  B from  which  the 
point  A may  be  determined  for 
Alnico  V (see  Appendix  A) . When 
the  magnet  is  placed  in  its  magnetic 
circuit,  complete  with  soft  iron 
bridges,  armature,  and  air  gap,  the 
state  of  the  magnet  is  represented 
by  point  C in  Fig.  1,  which  is  the 
intersection  of  the  minor  hysteresis 
loop  AC  and  the  air-gap  line  OD. 
The  minor  hysteresis  loop  is  deter- 
mined from  the  fact  that  its  slope  is 
approximately  parallel  to  the  tan- 
gent to  the  B-H  curve  at  the  point 
B„  The  air-gap  line  is  determined 
from  the  fact  that  its  negative  slope 
is  equal'  to  FA,Lm/fAmlt,  where  F 
and  / are  leakage  factors  depending 
on  the  configuration  of  the  circuit, 
A,  is  gap  area,  l,  is  gap  length,  Am 
is  magnet  cross-sectional  area,  and 
L is  magnet  length. 

For  a given  magnet  the  neces- 
sary quantities  are  all  known,  and 
the  point  C may  be  determined 
either  graphically  or  analytically. 
Thus,  the  value  of  B in  the  magnet 
is  known,  and  the  value  of  B in  the 
air  gap  may  be  obtained  from  the 
relationship 

B.  = A„  B./FA,  (1) 

"here  B,  is  the  field  in  the  gap  and 
is  the  field  in  the  magnet  given 
by  the  point  C = B,. 

We  can  now  show  that  if  the 
magnet  employed  has  an  L/D  less 
than  about  eight,  a considerably 
higher  field  may  be  obtained  in  the 
air  gap  by  using  a multiple  mag- 
netic  circuit.  For  specific  illustra- 
tion, let  us  assume  that  the  mag- 
netic  circuit  is  the  one  shown  in 


Fig.  3A,  that  the  area  of  the  mag- 
net is  A»,  that  the  L/D  ratio  is  4, 
and  that  the  dimensions  of  the 
elements  are  such  that  the  air-gap 
line  is  OD  in  Fig.  1.  We  see  from 
Fig.  2 that  L/D  = 4 is  represented 
by  point  A on  the  magnetization 
curve.  Hence,  after  insertion  into 
the  circuit  the  point  C represents 
the  state  of  the  magnet,  and  the 
field  in  the  gap  is  given  by  Eq.  (1). 

Four  Magnet*  in  Farallul 

Now  instead  of  the  one  magnet 
shown,  let  us  use  four  magnets,  as 
shown  in  Fig.  3B,  each  of  which  is 
the  same  length  as  the  first,  but 
whose  cross-sectional  areas  are  each 
one-fourth  the  original  area.  The 
diameters  are  now  one-half  the 


original  diameter  and  L/D  = 8. 
The  total  magnet  area  is  unchanged, 
and  total  magnet  volume  is  un- 
changed. We  now  place  these  mag- 
nets in  close  proximity  in  the 
magnetic  circuit  and  proceed  to  cal- 
culate the  new  gap  field. 

. We  shall  assume  at  this  point 
that  the  proximity  of  the  four  mag- 
nets does  not  affect  the  relationship 
between  B„  and  L/D  for  each  mag- 
net. This  assumption  will  be  dis- 
cussed in  detail  later.  The  open- 
circuit  field  is  now  given  by  point 
E on  the  curve.  If  we  assume  the 
leakage  constants  to  be  essentially 
unchanged,  then  the  air-gap  line 
for  a single  magnet  has  four  times 
the  slope,  the  air-gap  line  is  OD', 
and  the  field  in  the  magnet  when 
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the  magnetic  circuit  is  complete  is 
given  by  the  point  F,  where  the 
field  in  the  magnet  is  B,.  The  field 
in  the  air  gap  due  to  one  magnet  is 
now  given  by  Eq.  (1)  and  is  equal 
to 

B,'  = A,/  FA,  = Am  B,/ 4 FA,  (2) 

where  Am'  = A,,/ 4,  the  new  cross- 
sectional  area,  and  the  field  in  the 
gap  due  to  four  magnets  is  parallel 
is  given  by 

B,"  = 4 B,’  = Am  B./FA,  (3) 

The  field  with  the  single  magnet  is 

equal  to 

B,  — A„  B,/FA„  14) 

Since  B,  = 12,000  gauss  and  B, 
= 9,000  gauss  approximately,  we 
see  that  the  field  in  the  gap  has 
been  increased  by  a factor  of  1.88. 

Advantages  of  Parallel  Magnets 

From  the  above  analysis  we  see 
that  if  a single  series  circuit  util- 
izes a magnet  having  L/D<  8,  the 
field  in  the  gap  may  be  increased 
with  the  same  amount  of  material 
by  using  parallel  magnets  having 
an  L/D  S:  8.  The  value  8 is  chosen 
since  it  is  at  the  knee  of  the  curve 
of  Fig.  2. 

It  may  readily  be  seen  that  if 
the  most  efficient1  series  magnet  for 
a particular  design  has  an  L/D<  8, 
a larger  field  may  be  obtained  by 
using  parallel  magnets  having  an 
L/D  g 8.  This  amounts  to  saying 
that  the  given  field  may  be  ob- 
tained, using  parallel  magnets,  with 
less  magnetic  material  than  by 
using  a single  series  circuit. 

Design  will  be  simplified  by  the 
fact  that  the  open-circuit  point  will 
always  be  the  point  E.  Further- 
more, if  it  is  desired  to  obtain  a 
large  field  and  the  space  is  limited 
insofar  as  permissible  length  of 
magnet  is  concerned,  many  small 
magnets,  all  having  an  L/D  S 8, 
may  be  as  effectively  used  as  a 
longer  magnet  having  the  same 
mass  of  magnetic  material. 

The  primary  limitation  on  the 
effective  use  of  parallel  magnetic 
circuits  arises  from  the  fact  that 
the  parallelled  magnets  may  not  be 
brought  too  close  to  one  another, 
since  the  adjacent  magnets  will 
tend  to  demagnetize  each  other. 

The  degree  of  proximity  which 
may  be  imposed  on  a parallel  mag- 
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FIG.  4 — Tail  arrangement  lor  determin- 
ing demagnetization  of  a permanent 
magnet  as  a rezult  of  another  magnet 
placed  in  doze  proximity 

net  configuration,  in  order  that 
maximum  field  may  be  obtained, 
can  be  determined  by  simple  experi- 
ment and  calculation. 

Meazuremmts 

Test  equipment  consisted  of  a 
magnetometer,  which  was  used  to 
measure  the  flux  from  the  test  mag- 
nets. The  test  magnets  consisted 
of  6 Alnico  V magnets  each  1 inch 
long  and  of  square  cross-section  1 
inch  on  each  side.  The  magnetom- 
eter was  adjusted  to  a sensitivity 
of  10  milligauss  for  a full-scale 
reading  (80  divisions). 

The  magnetometer  pickup  was 
placed  about  two  feet  from  the  mag- 
nets to  be  tested,  as  shown  Hi  Fig. 
4.  The  magnetometer  measured 
field  intensity,  which  is  propor- 
tional to  pole  strength  times  length 
of  magnet.  Since  the  magnets  were 
parallel  to  one  another,  the  length 
of  magnet  was  always  1 inch,  and 
the  indication  was  proportional  to 
pole  strength,  which  is  in  turn  pro- 
portional to  total  flux  emanating 
from  the  magnets. 


TABLE  I.  Com  pinion  of  Strength! 
of  Grouped  Megnctz  With  Predicted 
Strength  of  Equivalent  Solid  Magnets 


No.  of  1 
Magnets  1 
in  Group 

Total  Pola 
Strength 

Equivalent 

L/D 

Pradictad 
Strength 
of  Solid 
Magnat 

7.0 

3.3 

7.0 

9 

10.0  1 

9.4 

9.0 

13.0  | 

1.91 

11.0 

4 

14.5 

1.65 

19.5 

5 

15.5 

1.47 

13.5 

6 

16.5  | 

1.35 

14.5 

The  distance  between  the  mag-  ‘ 
netometer  pickup  and  the  magnet  is 
sufficiently  large  so  that  moving  the 
magnet  three  or  four  inches  on 
either  side  along  the  line  XX'  of  ‘ 
position  0 has  no-  effect  on  the 
reading  of  the  magnetometer.  This  : 
is  essential  to  make  an  accurate  -J 
determination  of  the  proximity  ; 
effect.  9 

The  six  magnets  were  first  indi- 
vidually magnetized  and  the  pole  ' 1 
strength  of  each  was  measured. 
Since  the  zero  position  of  the  mag-  : 
netometer  changed  over  a period  of  ! 
time  because  of  extraneous  fields  in 
the  region  of  the  magnetometer,  a |- 
reading  was  taken  first  with  the  1 ' 
south  pole  nearer  the  magnetome-  - 
ter,  then  with  the  north  pole  nearer 
the  magnetometer.  The  total  flux  ’■  1 
was  taken  as  proportional  to  the  ~ 
average  of  the  two  readings. 

The  strengths  of  the  individual 
magnets  proved  to  be  about  the  f 
same,  and  equal  to  about  seven 
units. 

The  magnets  were  then  placed 
intimately  side  by  side,  like  poles 
adjacent.  First,  two  magnets  were 
placed  together  and  their  combined 
strength  measured,  then  a third 
magnet  was  added  and  the  combined 
strength  measured.  This  was  con- 
tinued until  all  six  had  been 
grouped.  The  results  are  shown  in 
Fig.  5,  along  with  the  geometry  of 
grouping.  The  demagnetizing  ef- 
fect is  particularly  noticeable.  For 
one  magnet  the  strength  is  7,  but  j 
for  six  magnets  the  strength  is  only  . ( 
16.5,  instead  of  42  which  would  oc- 
cur if  no  demagnetizing  took  place. 

The  magnets  were  then  separated 
and  individual  strengths  again 
measured.  Each  magnet  now  ha 
only  about  half  its  original  strengt  . 
indicating  permanent  demagneti- 
zation took  place  during  grouping- 

Proximity  Meet* 

In  order  to  determine  how 
closely  magnets  can  be  grouped  be 
fore  the  demagnetizing  effect  e 
comes  noticeable,  two  magnets  were 

placed  along  line  XX'  in  Fig- 
after  having  been  freshly  magne- 
tized. They  were  placed  6 inches 
apart  and  3 inches  on  each  si  e 
of  point  O after  their  individual 
strengths  had  been  determine. 
Readings  of  their  combined 
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strength  as  a function  of  their  sep- 
aration was  taken.  This  data  is 
plotted  in  Fig.  6. 

It  is  to  be  noted  that  as  the  mag- 
nets are  moved  together,  the  com- 
bined strengths  are  about  equal  to 
the  sum  of  the  individual  strengths 
until  a separation  of  about  i inch 
is  attained,  when  the  strength  drops 
off.  Data  was  taken  first  as  the  sep- 
aration was  decreased,  then  as  it 
was  increased  again.  The  perma- 
nent demagnetizing  effect  is  no- 
ticeable. 

In  order  to  obtain  a quantitative 
measure  of  the  extent  of  demag- 
netization when  several  magnets 
are  grouped  intimately,  we  must 
compare  the  strength  of  the  group 
with  the  strength  of  a single  mag- 
net having  the  same  length  and 
cross-sectional  area  and  shape.  We 
may  do  this  by  use  of  Fig.  2,  which 
shows  the  relationship  between 
Bux  density  and  L/D  ratio  for  Al- 
nico  V. 

Using  this  curve  and  the  strength 
of  a single  magnet,  we  may  predict 
the  strength  of  any  magnet  in  the 
same  material.  Table  I tabulates 
the  experimental  values  plotted  in 
Fig.  5 along  with  the  predicted 
strength  of  solid  magnets  having 
the  same  length  and  cross-sectional 
area.  Slightly  greater  strengths  are 
obtained  from  the  grouped  magnets 
than  from  the  solid  magnet,  but 
the  difference  is  small.  The  curve 
for  equivalent  single  magnet 
strengths  is  also  plotted  in  Fig.  5. 

Mtaimum  Separation  Distance 

For  the  magnets  tested,  the 
smallest  separation  without  serious 
I demagnetizing  effect  is  i inch 
I center  to  center.  This  holds  only 
for  two  magnets.  The  results  may 
de  approximately  extended  to 
groups  of  more  than  two  magnets 
i>y  considering  that  the  limitation 
| on  the  spacing  arises  from  the  field 
■ Produced  at  the  pole  of  one  magnet 
by  all  the  other  magnets.  Since  the 
effect  of  all  other  poles  is  inversely 
Proportional  to  the  square  of  the 
distance  from  the  pole  under  con- 
sideration, the  pole  under  consider- 
( at‘°n  will  be  subjected  to  the  same 
demagnetizing  influence  from  a 
group  of  magnets  as  from  a single 
other  magnet,  assuming  all  magnets 
similar,  if 
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where  di  — distance  of  pole  from  the  like 
pole  in  the  two-magnet  con- 
figuration 

dt  = distance  of  pole  from  the  unlike 
pole  in  the  two-magnet  con- 
figuration 

du  =■  distance  of  pole  from  like  pole  of 
the  tth  magnet  of  the  multiple- 
magnet  configuration 
dti  — distance  of  pole  from  unlike  polo 
of  the  tth  magnet  of  multiple- 
pole  configuration 

Thus,  if  the  safe  distances  d,  and 
d,  are  determined  by  test  as  out- 
lined above  for  two  magnets,  the 
results  can  be  used  for  determining 
safe  spacings  for  any  number  of 
similar  magnets  in  the  group  by 
use  of  Eq.  (5).  The  summation 
must  be  performed  on  every  mag- 
net, of  course,  and  the  condition  is 
that  in  each  individual  summation 
the  right-hand  side  of  Eq.  (5)  must 
be  less  than  or  equal  to  the  left- 
hand  side. 


FIG.  5 — Combined  polo  atrength  of 
magnets  grouped  In  Intimate  contact 


FIG.  6— Combined  pole  strength  of  two 
magnets  as  a function  of  their  separa- 
tion. Individual  strengths  of  magnets 
are  equal  to  7.5  Plotted  points  are 
numbered  in  the  order  in  which  meas- 
urements were  made 


Canetasions 

On  the  bftais  of  the  analytical  and 
experimental  evidence  presented 
above,  it  appears  that  parallel  mag- 
netic circuits  can  be  effectively  used 
in  instruments  operating  by  virtue 
of  a magnetic  field  in  a gap. 

In  each  individual  instance,  care 
must  be  taken  that  the  individual 
parallel  magnets  shall  not  be  placed 
too  close  to  one  another  in  the  par- 
allel circuit.  However,  the  crit- 
ical spacing  distance  is  not  very 
large  in  ordinary  instances,  and 
this  feature  does  not  present  an  un- 
desirable limitation. 

In  particular,  advantage  can  be 
taken  of  the  above  design  princi- 
ples in  instruments  where  the  L/D 
ratio  for  the  magnet  in  the  single- 
magnet circuit  is  less  than  8.  The 
net  result  of  such  design  is  the  ob- 
taining of  the  desired  field  with  less 
magnetic  material  and  a field  which 
is  more  stable  to  demagnetizing  in- 
fluence. 


Appendix  A.  Duturmlaatlon  of  Relation- 
•hip  latwean  ■ and  L/D  for  Single 
Open-circuited  lar  Magnet 

We  shall  use  an  approximate 
parabolic  equation  for  the  demag- 
netizing portion  of  the  hysteresis 
curve  for  Alnico  V1 


B ” Hc-aH 


(6) 


where  Br  is  residual  flux  density, 
H,  is  coercive  force,  and  a is  a con- 
stant related  to  the  magnet  mate- 
rial. An  empirical  equation  relating 
the  ratio  of  B to  H for  a permanent 
bar  magnet1  then  is 

i =(1-89 -a)  (-§  + «)'"  (7) 

We  now  obtain  a relationship  be- 
tween B and  L/D 


(J. ..)-w 

Equation  (7)  and  hence  Eq.  (8) 
is  invalid  for  L/D  < 1,  but  this 
need  not  concern  us  since  we  know 
from  physical  considerations  that 
when  L/D  = 0,  B = 0.  Using  B,  = 
12,400  gauss  and  Hc  — 560  oersteds, 
2jBrW'  _ Bill , 

2Mb.H.  B‘B° 

where  B.  and  H.  are  coordinates  of 
the  maximum-energy  point.  The 
curve  shown  in  Fig.  2 is  obtained 
from  Eq.  (8). 
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Resistance- Capacitance 

FILTER  CHART 


Values  of  R and  C for  both  low-pass  and  high-pass  filters  are  given  in  terms  of  the  amount 
of  rejection  desired  at  any  given  frequency  from  1 millicycle  to  1,000  megacycles. 
Chart  also  gives  the  reactance  of  a capacitor  at  any  frequency 


Resistance-capacitance  filters 
are  frequently  used  when  a 
sharp  cutoff  characteristic  is  not 
required  and,  in  the  low-pass  case, 
when  the  voltage  drop  across  the 
series  resistor  can  be  tolerated.  Ap- 
plications of  the  low-pass  R-C  filter 
include  decoupling  from  a common 
power  supply  for  a multistage  vac- 
uum-tube amplifier,  smoothing  fil- 
ters for  power  supplies  when  a 
large  voltage  drop  across  the  filter 
is  not  objectionable,  and  inexpen- 
sive hash  filters  to  attenuate  high- 
frequency  disturbances  on  electri- 
cal leads.  High-pass  R-C  filters  are 
often  used  as  interstage  coupling 
networks. 

The  circuits  of  Fig.  1 show  the 
R-C  low-pass  and  high-pass  filter 
connected  to  an  a-c  generator.  The 
generator  resistance  is  assumed  to 
be  negligible  compared  with  R,  and 
d-c  voltages  are  omitted  for  the  pur- 
poses of  an  a-c  analysis.  R and  C 
form  a voltage  divider,  and  the 


Low-pass:  E,  ■ 


By  ERNEST  FRANK 

Sperry  Gyroscope  Co. 

Garden  City,  .V.  Y. 

The  magnitude  of  the  ratio  of  E,  to 
E,  is 


High-pass: 


Low-pass:  / = 


Um*m:  If]  - v + (f)’  (2i) 

High-pass:  |^-j  = ^jl  + i2*5) 

Solving  the  above  equations  for  the 
generator  frequency  / gives 

— ^Vlfl’-'  (3a) 
1 1 


High-pass:  / ■ 


When  the  reactance  of  C is  equal 
to  R,  the  ratio  \E,/E.\  is  equal  to 
V2.  This  condition  occurs  at  a 
frequency  f,  that  is  equal  to  l/2it RC 
and  corresponds  to  the  frequency 
at  which  the  output  voltage  is  3 db 
down  from  the  input  voltage,  ig- 
noring impedance  levels  (db  = 20 
logw  \E./E,\).  Therefore 


High-pass:  E „ = 


tage  is  giv 
- j AVE, 

en  by 

(la) 

Low -pass : f = ft  ^ 

l^ls_  1 

1 -Bol  1 

(4a) 

R - jX. 

Hizh-Dara-  f — f*  — ; 

1 

REi 

R - jXc 

(lb) 

o r*”*  j i 

V 

'If- 

(4b) 

(j)  ^ 

LOW-PASS 

> E.  ( E,  ) Rj 

A Y ' 

HIGH-PASS 

1 1 

> 

> E0 

Li 

FIG.  1 — Low-  and  high-pats  H-C  iUtsrs  shown  connected  to  a-c  generator 


In  low-pass  applications  the  ratio  I 
\E,/E.\  is  often  selected  to  be  10  or 
greater.  Therefore,  Eq.  (4a)  be- 
comes 

^‘Ifl  ; |f|510  (5) 

because  \E,/E.\’»1.  The  value  of  / 
is  given  to  an  accuracy  of  about  1 
percent  by  Eq.  (5)  when  \E,/E.\  = 
10.  When  \E,/E.\  = 100,  / is  given 
to  an  accuracy  of  about  0.1  percent. 
The  error  resulting  from  the  use  of 
Eq.  (5)  is  in  the  pessimistic  direc- 
tion since  the  true  value  of  /,  ob- 
tained from  Eq.  (4a),  is  always 
smaller  than  the  value  of  / given 
by  Eq.  (5). 

Us*  of  Chart 

In  high-pass  applications,  the 
value  of  f,  is  usually  of  primary  in- 
terest,  and  is  given  by  /,  = 1/2*RC- 
The  chart  in  Fig.  2 enables  /,  to  be 
read  directly  in  one  operation  for  a 
given  value  of  R and  C in  either  the 
low-pass  or  high-pass  case.  When  a 
value  of  \E,/E.\  equal  to  or  greater 
than  10  is  desired  in  the  low-pass 
case,  the  value  of  /,  determined 
from  the  chart  can  be  multiplied  by 
\E,/E.\.  The  chart  can  also  be  used 
to  determine  the  reactance  of  a ca- 
pacitor at  any  frequency.  The  fol- 
lowing examples  illustrate  the  use 
of  the  chart. 

Example  1 

A plate  decoupling  R-C 
must  attenuate  frequencies  above 
50  cps  by  a voltage  ratio  of  1 • • 
The  value  of  R cannot  exceed  4,0W 
ohms  to  avoid  an  excessive  loss  m 
d-c  voltage.  What  value  of  C is re 
quired?  From  Eq.  (5),  /■  = 5 ' 

= 5 cps.  From  the  chart,  draw 
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FIG.  2 Resistance-capacilancu  «lt«  chart 
the  filter  provide*  an  attenuation  of  3 db.  To  find  value  on  the 

and  frequency  ralu..  and  mad  the  roactanco  rain. 

a line  through  C = 0.002  and  /,  — 
1 me,  and  determine  R = 80  ohms. 


R 


line  through  /,  = 5 cps  and 
= 4,000  ohms.  Read  C = 8 /if. 

Enmph  2 

The  low-frequency  end  of  the 
3-db  pass-band  of  a resistance-ca- 
pacitance coupled  amplifier  must  be 
100  cps.  A 0.01-nf  coupling  capaci- 
tor is  available.  What  value  of  out- 
put resistance  must  be  used  ? Draw 
a line  through  C = 0.01  /if  and 
ft  = 100  cps.  Read  R = 0.16  meg. 

Exampin  3 

What  is  the  reactance  of  a 0.002- 
(* f capacitor  at  1 megacycle?  Draw 


Construction  of  Chart 

The  chart  covers  a wide  range 
at  the  sacrifice  of  accuracy  in  read- 
ability. If  greater  accuracy  is 
desired,  it  is  simple  to  construct  a 
chart  which  covers  a limited  range. 

1 Use  two  sheets  of  log  paper, 
one’  of  which  has  twice  as  many 
cycles  as  the  other;  for  instance, 
two-cycle  and  four-cycle  paper. 
Each  complete  scale  must  be  the 

same  total  length. 

2.  On  opposite  edges  of  the  two- 


whtre  it  Is  the  frequency  at  which 
place  ruler  on  known  capacitance 
resist  a ::ce  scale 

cycle  paper,  write  down  the  resist- 
ance and  capacitance  values  in- 
cluding the  desired  range. 

3.  Cut  a strip  of  the  four-cycle 
paper  and  prepare  to  paste  it  equi- 
distant from,  and  parallel  to,  the 
R and  C scales,  in  an  inverted  sense. 

4.  Compute  f,  for  one  value  of  R 
and  C included  on  the  scales. 

5.  Match  the  four-cycle  fre- 
quency scale  to  the  line  joining 
these  values  of  R and  C and  paste 

the  scale  in  place. 

6.  Label  the  frequency  scale,  us- 
ing the  computed  value  of  /,  as  a 
guide  to  the  major  scale  values. 
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SINGLE-SIDEBAND 

GENERATOR 

Balancing  out  the  undesired  sideband  in  a vacuum-tube  circuit  eliminates  need  for  highly 
selective  filters  in  power-line  carrier  systems  for  telemetering  or  voice  communication 


A COMPARISON  of  a-m,  f-m,  and 
single-sideband  systems  for 
power-line  carrier  transmission  ap- 
peared recently  in  the  literature.1 
To  the  writer’s  knowledge,  most 
single-sideband  systems  require  the 
use  of  highly  selective  filters  and, 
in  some  cases,  require  a double 
modulation  process  to  separate  the 
sidebands  sufficiently  for  effective 
filtering. 

Basic  Theory 

There  is  another  approach  to  the 
problem  of  generating  single-side- 
band  signals  which  appears  not  to 
have  been  exploited.  This  system 
makes  the  use  of  highly  selective 
filters  unnecessary,  because  the  un- 
desired sideband  is  balanced  out  in 
a vacuum-tube  circuit. 

An  examination  of  the  equations 
for  amplitude-modulated  signals  in 


By  M.  A.  HONNELL 

.4  asociate  Professor  of  Electrical  Bngincerint 7 
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Table  I reveals  some  interesting 
possibilities.*  Let  us  consider  the 
following  pair  of  equations  for  an 
amplitude-modulated  signal 
sin  A (1  + m cos  B)  = 
smA-f  ~mn(A-B)  + |sin(A  + B)  (1) 
coe  A (1  + m sin  B)  = 
coeA-  jsin(A— B)+|sm(A+B)  (2) 

where 

A = 2i/,l 
B = 2t/,  I 
m = modulation  faotor 

If  the  amplitude-modulated  sig- 
nals are  generated  in  a balanced 
modulator*,  the  carriers  are  read- 
ily eliminated,  and  the  resulting 
signals  at  the  output  of  the  bal- 


anced modulators  are  of  the  form 

a sin  (A  + B)  + ff  sin  (A  — B)  (3) 
a sin  (A  + B)  - a sin  (A  - B)  (i) 

where  G is  the  modulator  conver- 
sion gain. 

It  is  apparent  that  if  these  sig- 
nals are  added,  the  resultant  is  the 
upper  sideband,  while  if  they  are 
subtracted  the  resultant  is  the 
lower  sideband. 

The  Practical  System 

The  block  diagram  of  a system 
constructed  to  generate  a single 
sideband  using  this  technique  is 
shown  in  Fig.  1.  An  examination 
of  Eq.  (1)  and  (2)  and  Fig.  1 
reveals  that  the  carrier  as  well  as 
the  signal  frequencies  must  be 
shifted  90  degrees  in  order  to  ob- 
tain the  desired  phase  relations. 
This  is  readily  achieved  in  the  case 
of  the  fixed  carrier  frequency 


FIG.  1 — Block  diagram  of  single-sideband  generator  using  two  balanced  modu- 
lators. The  mixer  is  a linear  amplifier 


FIG.  2— Schematic  circuit  diagram  oi 
the  90-degree  phase  shllter 
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through  the  use  of  a simple  phase 
shifter.*  If  the  modulating  signals 
are  one  or  more  fixed  telemetering 
frequencies,  the  required  90-degree 
phase  shifts  for  these  frequencies 
may  be  obtained  by  using  a phase 
shifter  of  the  resistor-capacitor 
type. 

H-Dsjth  Phase  Shifter 

The  problem  of  shifting  a band 
of  telephonic  voice  frequencies  of 
from  300  to  3,000  cycles  is  inher- 
ently more  difficult.  It  is  necessary, 
in  the  ideal  case,  to  shift  this  band 
of  frequencies  90  degrees  and  at 
the  same  time  leave  the  relative 
magnitudes  unchanged.  The  neces- 
sary sine-cosine  relationship  can  be 
obtained  electronically  by  using  an 
additional  pair  of  modulators  and 
a simple  filter. 

A passive  network  which  gives  a 
reasonable  approach  to  this  prob- 
lem is  shown  in  Fig.  2,  while  its 
amplitude  and  phase  response  char- 
acteristics are  shown  in  Fig.  3.  The 
amplitude  response  of  this  phase 
shifter  is 

B.  _ Xc+  X„ 

+ (5) 

R is  much  greater  than  (XL 

~ Xc),  this  becomes  very  closely 

J‘/B~  (*c+  Xm)/R  (6) 

e phase  response  of  the  network 


* _ _ 90°  - tan-1  ( XL  - Xc)  R (7) 
Referring  to  Fig.  3,  it  is  seen 
that  the  amplitude  response  varies 
through  a range  of  1.76/1  over  the 
frequency  band  of  300  to  3,000  cps. 
While  this  variation  is  undesirable 
in  an  ideal  system,  it  is  compen- 
sated in  part  through  the  use  of 
an  output  tuned  circuit  resonated 
to  the  mid-frequency  of  the  desired 
sideband.  In  addition,  this  response 
characteristic  partially  corrects  for 
the  frequency  discrimination  due  to 
the  usual  microphones,  receivers 
and  speech-band  repeat  coils. 

System  Psrformaacs 

The  single-sideband  generator 
outlined  in  Fig.  1 and  using  the 


phase  shifter  of  Fig.  2 was  con- 
structed to  check  the  possibilities 
of  the  proposed  system.  A carrier 
frequency  of  8,000  cps  was  chosen 
in  order  that  all  frequencies 
through  the  second  harmonic  of  the 
carrier  would  fall  within  the  range 
of  a standard  harmonic  wave  an- 
alyzer. 

Balanced  square-law  modulators 
were  used,  and  since  the  experi- 
mental system  contained  no  filters 
or  tuned  circuits,  it  was  necessary 
to  make  the  carrier  amplitude  much 
greater  than  the  signal  amplitude 
so  that  the  residue  of  the  signal 
would  be  negligibly  small  at  the  out- 
put of  the  modulators/  Although 
the  second  harmonic  of  the  carrier 
at  the  output  of  each  balanced  mod- 


TABLE  I.  EQUATIONS  OF  AMPLITUDE-MODULATED  WAVES 


sin  A (1  ± m sin  B)  - sin  A ± -y  cos  (A  — B)  -y  cos  (A  + B 

* sin  A (1  ± m cos  B)  ='sin  A ± -y  sin  (A  — B)  ± -y  sin  (A  -f  B) 

cos  A (1  ± m sin  B)  - cos  A =F-y  s>n  (A  — B)  ± -y  sin  (A  + B) 

cos  A (1  ± m cos  B)  — cos  A ± -y  cos  {A  — B)  ± -y  cos  (A  + B) 

where  A — Zr/t  l 
B — 2 rf,  l 

St  = carrier  frequency 

/,  - modulating  signal  frequency 
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uiator  ia  quite  large,  it  is  cancelled 
when  the  outputs  of  the  two  modu- 
lators are  combined  in  the  mixer 
amplifier. 

Figure  4 shows  the  measured 
magnitudes  of  upper  and  lower 
sidebands,  plotted  as  a function  of 
the  modulating  frequency  and  nor- 
malized about  the  1,000-cps  value 
of  the  upper  sideband.  These  ex- 
perimental values  check  very  closely 
with  the  expected  magnitudes  on 
the  basis  of  the  calculated  response 
of  the  phase  shifter  as  shown  in 
Fig.  3. 

Referring  to  Fig.  4,  it  is  to  be 
noted  that  for  an  8,000-cps  carrier 
the  1,000-cps  point  on  the  upper- 
sideband  curve  represents  a side- 
band frequency  of  9,000  cps, 
whereas  the  corresponding  point  on 
the  lower-sideband  curve  represents 
a frequency  of  7,000  cps.  A paral- 
lel-resonant circuit  or  a simple 
double-tuned  coupled  circuit  tuned 
to  9,000  cps  and  placed  in  the  out- 
put of  the  mixer  amplifier  of  Fig. 
1 will  flatten  the  upper-sideband 
curve  and  will  discriminate  against 
the  lower-sideband  frequencies. 

Figure  5 shows  the  measured 
upper-  to  lower-sideband  ratios 
plotted  in  decibels  as  a function  of 
the  modulating  frequency.  It  is  to 


be  noted  that  this  ratio  exceeds  10 
db  from  300  to  3,000  cps.  The  data 
for  the  plotted  curves  was  obtained 
on  the  single-sideband  generator 
shown  in  Fig.  6,  containing  no  fil- 
ters or  tuned  circuits  and  practi- 
cally no  shielding.  The  results  rep- 
resent, therefore,  the  most  pessi- 
mistic of  operating  conditions.  For 
carrier  transmission  or  for  radio 
transmission,  simple  tuned  circuits 
would  be  employed  in  the  amplifiers 
following  the  mixer  amplifier,  with 
a resultant  improvement  in  dis- 
crimination against  the  undesired 
sideband. 

If  it  is  desired  to  pass  the  lower 
sideband  and  to  balance  out  the 
upper  sideband,  this  is  accomplished 


FIG.  5^-Macuured  upper  to  lower  aide- 
band  ratios  In  db 


by  reversing  the  polarity  of  either 
the  carrier  or  the  signal  voltage  fed 
to  one  of  the  modulators.  This  re- 
sult may  also  be  achieved  by  re- 
versing the  polarity  of  the  output 
voltage  of  one  of  the  modulators. 
Measured  characteristics  for  this 
case  are  similar  to  Fig.  4 and  5. 

The  characteristics  of  this  par- 
ticular system  do  not  represent  the 
optimum  performance  that  can  be 
obtained  from  a single-sideband  1 
generator  of  this  type.  In  the  opin- 
ion of  the  writer,  this  generator 
has  the  advantage  of  simplicity 
over  the  usual  single-sideband  sys- 
tems. The  complete  success  of  the 
system  lies  in  the  design  of  a wide- 
band 90-degree  phase  shifter.  How- 
ever, it  is  to  be  remembered  that  a 
simple  90-degree  phase  shifter  suf- 
fices if  the  modulating  signals  are 
fixed  telemetering  frequencies. 

References 

(1)  Cheek,  R.  C.,  Power-Line  Carrier 

Modulation  SyatemB,  Weitlnghoute  E«in- 
liter,  p.  41-45,  Mar.  1945.  , i 

(2)  La  port,  E.  A..  Characteristics  of  ! 

Amplitude-Modulated  Waves,  MCA  Revttv, 
p.  20-38,  Apr.  1987.  „ , 

(3)  Terman,  F.  E.,  “Radio  Engines 

Handbook.”  MoOraw-Hill  Book  Co.,  Int.. 
1043.  p.  551-553.  _ 4i4  „ , ... 

(4)  M.  I.  T.  EE  Staff.  "Applied 

tronic8,”  John  Wiley  d Bons,  Inc.,  Uw«. 
p.  310-319.  „ ...  , 

(5)  Roberta.  W.  W.,  8peech  Scramblias 
Methods,  Electronics,  p.  108-111  an* 
270-278.  Oct.  1943. 


FIG.  6— Circuit  ol  experimental  single-sideband  generator 
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Winding 

UNIVERSAL  COILS 


Short-cut  procedures  for  winding  sample  universal  coils  quickly  to  exact  self-inductance, 
spacing  coils  to  exact  mutual  inductance,  and  taking  out  a center  tap  accurately 


IN  winding  a universal  coil  to  a 
given  value  of  inductance,  the 
usual  procedure  is  to  wind  or  un- 
wind turns,  more  or  less  by  guess, 
until  the  desired  inductance  has 
been  attained.  A somewhat  similar 
procedure  is  followed  in  adjusting 
the  spacing  between  two  coils  to 
produce  a desired  mutual  induc- 
tance or  coefficient  of  coupling,  and 
in  taking  out  a center  tap.  How- 
ever, in  all  these  cases  it  is  possible 
to  set  up  procedures  which  will 
lead  directly  and  rapidly  to  the  de- 
sired result. 

Wiading  to  Exact  ladactaace 

In  winding  a universal  coil 
quickly  and  accurately  to  a desired 
value  of  inductance  L,  a trial  coil 
is  first  wound  with  an  arbitrary 
number  of  turns  T,  and  the  result- 
ing inductance  Lt  is  measured.  A 
new  coil  is  then  wound  with  the 
number  of  turns  T calculated  ac- 
cording to  the  formula 

T-TiVL/U  (1) 

and  measured.  If  this  coil  is  not 
correct,  the  number  of  turns  is 
again  corrected  by  means  of  Eq. 
(1).  Even  though  the  initial  num- 
ber of  turns  is  far  from  correct,  it 
is  not  necessary  usually  to  wind 
more  than  a few  coils  before  the  de- 
sired inductance  is  obtained  exactly. 

Another  procedure  involves 
changing  the  number  of  turns  by 
half  the  fractional  part  (or  percent- 
age) by  which  the  inductance  devi- 
ates from  the  desired  value.  For  ex- 
ample, if  the  inductance  is  10  per- 
cent high,  the  number  of  turns  is 
decreased  by  5 percent. 

Spaciag  to  Exact  Mvtaal  Inductaxcc 

Two  parallel  coaxial  coils,  each 
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previously  adjusted  to  the  correct 
self-inductance,  are  wound  with  an 
arbitrary  spacing  Dx  between  cen- 
ters, and  the  resulting  mutual  in- 
ductance Mx  is  measured.  A new 
pair  is  then  wound  with  the  spac- 
ing between  centers  calculated  ac- 
cording to  the  formula: 

D=  Di  <Ui/M  (2) 

where  M is  the  desired  mutual  in- 
ductance. If  this  pair  is  not  correct, 
the  spacing  between  centers  is  again 
corrected  by  means  of  Eq.  (2).  The 
alternative  procedure  involves 
changing  the  spacing  by  half  the 
fractional  part  (or  percentage)  by 
which  the  mutual  inductance  devi- 
ates from  the  desired  value. 

The  same  process  can  be  used  to 
adjust  the  spacing  between  centers 
of  two  parallel  coaxial  coils  in  order 
to  produce  a desired  coefficient  of 
coupling  k.  The  formula  is: 

D - D,  -<JkJk  (3) 

It  is  more  convenient  to  work  with 
the  coefficient  of  coupling  since  the 


Universal  coili,  widaly  utad  in  mod. 
am  radio  racaivars,  ara  wound  so  that 
as  tha  dowal  or  form  rotatas,  tha  wira 
is  guidad  back  and  forth  by  a ihuttla 
that  displacas  tha  wira  In  iinaar  pro- 
portion to  tha  angta  of  rotation  from 
tha  point  of  masimum  loft  or  right  dis- 
placamant.  Datails  of  how  to  calcu- 
lata  tha  various  factors  antaring  into 
tha  winding  of  thasa  coils  wara  givan 
by  the  author  in  ELECTRONICS  Oct 
1934,  p.  22. 


coils  need  not  be  adjusted  exactly 
to  the  correct  self-inductance.  For 
constant  spacing,  k for  parallel 
coaxial  universal  coils  varies  only 
slowly  with  turns  (with  self -induc- 
tance). 

In  winding  an  i-f  transformer 
the  process  of  adjusting  the  self- 
inductance (turns)  and  the  coeffi- 
cient of  coupling  (spacing)  can  be 
carried  on  simultaneously. 

In  order  to  facilitate  the  spacing 
adjustment,  winding  machines 
should  be  equipped  with  a microm- 
eter adjustment  between  the  wind- 
ing arms,  so  that  the  spacing  can 
be  changed  accurately  by  the  cal- 
culated amount. 

Locating  a Cuntor  Tap 

A tap  is  taken  out  at  an  arbitrary 
number  of  turns  T,  and  the  result- 
ing inductance  from  start  to 
tap,  and  L,.,  from  tap  to  finish,  is 
measured.  A new  coil  is  then  wound 
with  a tap  taken  out  at  a number  of 
turns  T given  by  the  formula: 

r-  r,V(£«  + iM)/2f« 

If  the  new  coil  is  not  correct,  the 
location  of  the  tap  is  again  cor- 
rected by  application  of  Eq.  (<)• 

The  formulas  given  can  be  ap- 
plied profitably  not  only  to  the  wind- 
ing of  sample  coils  in  the  labora- 
tory, but  also  to  the  continuous  con- 
trol of  coils  in  production.  For  pro- 
duction a table  or  chart  can  be  pre- 
pared for  each  coil  being  run,  giv- 
ing the  number  of  turns  to  be  added 
or  subtracted  as  a function  of  the 
measured  inductance,  or  the  dis- 
tance in  thousandths  by  which  the 
winding  arms  must  be  separated 
as  a function  of  the  measured 
mutual  inductance  or  coupling  coef- 
ficient. 
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In  the  preparation  of  this  year's  Directory  every  possible  effort  has 
been  made  to  include  the  names  and  product  listings  of  all  manufac- 
turers (new  or  old)  of  electronic  components  or  complete  equipment, 
as  well  as  those  whose  products  have  any  application  in  the  elec- 
tronic field. 

This  listing  includes  all  postwar  products,  as  far  as  the  companies 
themselves  could  accurately  determine.  The  directory  therefore  should 
prove  extremely  useful  as  a valuable  source  of  information  to  design 
engineers  and  buyers  for  all  products  that  will  be  available  in  the 
coming  year. 

More  than  3,000  companies  and  their  complete  product  lines  in 
electronic  fields  are  listed,  arranged  and  indexed  in  a simple,  easy- 
to-read  manner.  Wherever  possible,  manufacturers'  lines  have  been 
broken  down  to  show  various  types  produced. 
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TEST  ADAPTERS 

Adrem  Co.,  143  Newberry  St.,  Boston  16, 


ixutas. 

Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 

American  Radio  Hardware  Co.,  Inc.,  152 
MacQuesten  Pkway  South,  Mt  Ver- 
non, N.  Y. 

Dayton  Acme  Co.,  930  York  St,  Cincin- 
nati, Ohio 

General  Electric  Co.,  Schenectady  6,  New 
York 

Insuline  Corp.  of  America,  36-02  35th  Ave., 
Long  Island  City,  N.  Y. 

J.  F D.  Mfg.  Co..  4111  Ft  Hamilton 
Pkwy.,  Brooklyn,  N.  Y. 

Knickerbocker  Development  Corp.,  116 
Little  St,  Belleville  9,  N.  J. 

^,ewyt  ^Corp.,  60  BroadvCay,  Brooklyn, 

McDJ"el,  Refractory  Porcelain  Co.,  510 
^.N  Falls,  Pa. 

Rad  New^^k^N3^00'’  127  W‘  26th  St’ 

Radio  Corp.  of’ America,  RCA  Victor  Dlv., 
Camden,  N.  J. 

Readme  Meter  Works,  College  Ave.,  Bluff- 
ton,  Ohio 

gi^man,  Robert  L.,  Oyster  Bay,  N.  Y. 

Stokes  Rubber  Co.,  Jos.,  Taylor  & Webster 
Sts.,  Trenton,  N.  J. 

Triplett  Electrical  Instrument  Corp.,  286 

Woo?^im06n«R~’  Bluff*on,  Ohio 

WOO»a^eSCY0orkT'g  ?'  826  Br0a,J- 

Wy«r0ra 211  s-  Ludi°w  st- 


Aircraft  Relays 

see  Belaya,  Sensitive  Control 

Aluminum 

see  Metals 


Ammeters. 


Amplifiers- 


Air 


AUDIO  FREQUENCY  AMPLIFIERS 

Associates,  Inc.,  6837  W.  Century 
. .Bl,vd"  ^9?  Angeles  46,  Calif. 

Alrdeslgm  ft  Fabrication  Inc.,  241  Fairfield 
Ave.,  Upper  Darby,  Pa. 

Aireon  Manufacturing  Corn.,  Fairfax  ft 

, ..  J“nsto.n  R5*-.  Ka»«as  City  16,  Kana. 

Altec  Lansing  Coro.,  1680  North  Vine  St., 
Los  Angeles  28,  Calif. 

American  Communications  Coro..  806 
Broadway,  New  York,  N.  Y. 

American  Radio  Co.,  611  w.  Garfield  Ave., 
Glendale,  Calif. 

AmPNew  York°fNAY<iriCa'  896  Broadway' 

Am>ChSlgo0  IU°"  900  Jadu>°n  Blvd., 

Aud,SjSone'0.sc'1,a‘or  c°.  237  John  St, 
Bridgeport  3,  Conn. 

AVl°Y<S*riCNPY  S7°  W‘  86th  St'  New 

Baldwin  Locomotive  Works,  Eddystone, 

Ballantlne  Laboratories,  Inc.,  Boonton, 

Barker  & Williamson,  285  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bell  Sound  Systems,  Inc.,  1183  Essex  Ave. 
Columbus,  Ohio 

B08reYork°i2  INViY  663  Broadway>  New 

Bunnell  A Co.,  j.  H.,  215  Fulton  St,  New 
York,  N.  Y. 

CarrUlitone  Mfg.  Co.,  30  N.  Penn  St, 
York,  Pa. 

Chicago  Sound  Systems  Co.,  2124  S.  Mich- 
igan Ave.,  Chicago,  111. 

Chicago  Transformer  Dlv.,  Essex  Wire 
Corp.,  3501  West  Addison  St,  Chi- 
cago 18,  111. 
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Cincinnati  Time  Recorder  Co.,  1733  Cen- 
tral Ave.,  Cincinnati,  Ohio 
Collins  Radio  Co.,  855  35th  St,  N.E., 
Cedar  Rapids,  Iowa 

Commercial  Research  Labs.  Inc.,  20  Bart- 
lett Ave.,  Detroit,  Mich. 
Communication  Equipment  & Engrg.  Co., 
504  N.  Parkside  Ave.,  Chicago,  111. 
Communications  Equipment  Corp.,  134  W. 

Colorado  St,  Pasadena  1,  Calif. 
Consolidated  Engineering  Corp.,  595  E. 

Colorado  St,  Pasadena  1,  Calif. 
DeMornay-Budd,  Inc.,  476  Grand  Con- 
course, New  York,  N.  Y. 

DeWald  Radio  Mfg.  Corp.,  440  Lafayette 
St.,  New  York,  N.  Y. 

Eastern  Amplifier  Corp.,  794  E.  140  St, 
Bronx  54,  New  York 
Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

Eckstein  Radio  & Television  Co.,  914  La 
Salle  Ave.,  Minneapolis  2,  Minn. 
Electro  Engineering  & Mfg.  Co.,  627  W. 

Alexandrine  Ave.,  Detroit,  Mich. 
Electronic  Corp.  of  America,  45  West  18th 
Street,  New  York  11,  N.  Y. 

Electronic  Supply  Co.,  207  Main  St,  Wor- 
cester, M.ass. 

Electronic  Transformer  Co.,  207  West 
26th  St,  New  York,  N.  Y1. 

Erwood  Co.,  223  W.  Erie  St,  Chicago,  111. 
Espey  Mfg.  Co.,  Inc.,  33  West  46th  St., 
New  York  19,  N.  Y. 

Fairchild  Camera  A Instrument  Corp., 
475  Tenth  Ave.,  New  York  18,  N.  Y. 
Farrand  Optical  Co.,  Inc.,  Bronx  Blvd., 
238th  St.,  New  York  66,  N.  Y. 

Federal  Instrument  Co.,  3931  47th  St 
Long  Island  City  4,  N.  Y. 

Federal  Telephone  and  Radio  Corp.,  591 
„ Broad  St,  Newark,  N.  J. 

Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Foote  Pierson  & Co.,  Inc.,  75  Hudson  St, 
Newark  4 N J 

Gates  Radio  Co.,  220  Hampshire  St,  Quin- 
cy, 111. 

General  Communication  Co.,  530  Com'mon- 
wealth  Ave.,  Boston  15,  Masa 
General  Electric  Co.,  Schenectady  5.  New 
York 

General  Radio  Co.,  275  Massachusetts 

Ave.,  Cambridge  39,  Mass. 

Gibbs  ft  Co.,  Thomas  B„  Dlv.  of  Borg 
Com,  George  W.,  814  Michigan  St, 
Delavan,  Wise. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Neb. 

Gray  Mfg.  Co.,  16-30  Arbor  SL,  Hartford 
Conn. 

Guided  Radio  Corp.,  161  Sixth  Ave.,  New 
York  18,  N.  Y. 

Harvey  Radio  Labs.,  Inc.,  447  Concord 
Ave.,  Cambridge,  Mass. 

Harvey-Wells  Electronics,  Inc.,  North  St.. 
Southbridge,  Mass. 

Hatry  & Young,  203  Ann  St.  Hartford 
Conn. 

cltyf'ind.89*  Pr“k,',n  St" 

Henney  Motor  Co.,  Gentlemen  Prod.  Dlv 
Freeport  HI. 

”erb^S.ot*satd6««,  ?‘aV-  517 

H6WMftt  Ca §h  395  Pa*e  Ml»  M . 

“^./^Sr^nl^'cam1  WarW'Ck 
Howcrhie^dS°3  cn°f  1735  Aye„ 

HUdN?wAYoTkCaN  <?rP"  26  West  4Srd  St, 
Industrial  Sound  Products  Co.,  3597  Mis- 
t 81°V  ,St^,  San  Francisco,  Calif. 

"Ift'  A1£nSI&;nVor£'T'  Y254°  Bel' 
Enlckertocker  Development  Co.,  116  Little 

T'anYOTk.  N° V"C"  37  ^ 65th  St-  New 
Lrncrophone  Co.',  1661  Howard  Ave.,  Utica. 

Madison  Electrical  Products  Corp.,  MadI- 
son.  New  Jersey 

Maico  Co..  Inc.,  25  North  3rd  St.,  Min- 
neapolis,  Minn.  9 

Meek  Industries,  John,  Liberty  St.  Ply- 
mouth, Ind.  * 

MegaArndg&6.S,l,fS-  BUrli"Bt°"  *« 

NewPYodrk°eNCY'  InC"  812  Broadway’ 
“'"'paSlTna.^l'if362  W’  C°,OTado 
StfNewPYo0rk7mNrlY:  288  W,Ulam 


National  Co.,  61  Sherman  St,  Malden  48, 


National  Electronic  Mfg.  Corp.,  22-78 
Steinway  Street  Long  Island  City  5, 
N.  Y. 

National  Scientific  Products  Co.,  5013  N. 

Kedzie  Ave.,  Chicago  25,  I1L 
National  Union  Radio  Cerp.,  15  Washing- 
ton St,  Newark  2,  N.  J. 

Newcomb  Audio  Products  Co.,  2815  S. 

Hill  St.,  Los  Angeles  18,  Calif. 
Northern  Communications  Mfg.  Co.,  210 
East  40th  St,  New  York,  N.  Y. 
Operadlo  Mfg.  Co.,  St  Charles,  III. 
Pacific  Electronics,  Sprague  at  Jefferson 
St,  Spokane,  Wash. 

Paraphone  Hearing  Aid,  Inc.,  2056  E.  4th 
St,  Cleveland  15,  Ohio 
Powers  Electronic  & Communication  Co., 
New  Street,  Glen  Cove,  L.  I.,  N.  Y. 
Press  Wireless  Inc.,  Hicksville,  L.  I.,  N.  Y. 
Presto  Recording  Corp.,  242  W.  55th  St, 
New  York,  N.  Y. 

Radell  Corp.,  6323  Guilford  Ave.,  Indian- 
apolis, Ind. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radio  Craftsmen,  1341  South  Michigan 
Ave.,  Chicago  6,  I1L 

Radio  Laboratories,  Inc.,  2701  California 
Ave.,  Seattle  6,  Wash. 

Radio  Mfg.  Engineers,  Inc.,  304  First  Ave., 
Peoria,  111. 

Radolek  Co.,  601  W.  Randolph  St,  Chi- 
cago 6,  111. 

Rauland  Corp.,  4246  N.  Knox  Ave.,  Chi- 
cago 41,  111. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass. 

Record-O-Vox,  Inc.,  721  N.  Martel  Ave., 
Hollywood  46,  Calif. 

Red  Arrow  Electric  Corp.,  100  Colt  St, 
Irvington,  N.  J. 

Rehtron  Corp.,  4313  Lincoln  Ave.,  Chi- 
cago 18,  111. 

Rek-O-Kut  Co.,  173  Lafayette  St,  New 
York  13,  N.  Y. 

Remler  Company,  Ltd.,  2101  Bryant  St, 
San  Francisco  10,  Calif. 
Richardson-Alien  Corp.,  15  West  20th  St, 
New  York  11.  N.  Y. 

Rieber,  Inc.,  Frank,  11916  W.  Pico  Blvd., 
Los  Angeles  84,  Calif. 

Rosen  & Co.,  Raymond,  32nd  A Walnut 
Sts.,  Philadelphia  4,  Pa. 

Rowe  Radio  Research  Laboratory,  2422 
N.  Pulaski  Rd.,  Chicago  39,  111.  „ a 

SOS  Cinema  Supply  Co.,  449  W.  42nd 
St,  New  York  18,  N.  Y. 

Sanborn  Co.,  89  Osborne  St,  Cambridge 
39,  Mass. 

Schulmerich  Electronics  Co.,  Sellersville, 
Pa. 

Schuttig  A Co.,  9th  A Kearney  Sts.,  N.  E., 
Washington  17,  D.  C. 

Setchell  Carlson,  Inc.,  2233  University 
Ave.,  St  Paul  4,  Minn. 

Sherron  Electronics  Co.,  1201  Flushing 
Ave.,  Brooklyn  6,  N.  Y.  „ 

Simpson  Mfg.  Co.,  Inc.,  Mark,  188  W. 

Fourth  St,  New  York,  N.  Y. 

Sonora  Radio  A Television  Corp.,  2626  W. 

Washington  St.,  Chicago  28,  111. 
Sorensen  & Co.,  376  Fairfield  Ave.,  Stam- 
ford, Conn.  , .... 

Sound  Equipment  Corp.  of  California,  3903 
San  Fernando  Road,  Glendale  4,  Callt 
Springfield  Sound  Co.,  Electronics  Divi- 
sion, 12  Cass  St,  Springfield,  Mass. 
Stark  Sound  Engrg.  Corp.,  P.  O.  493,  Fort 
Wayne  1,  Ind.  _ . 

Talking  Devices  Co.,  4447  W.  Irving  Park 
Rd.,  Chicago,  111.  _ . . 

Taybem  Equipment  Co.,  120  Greenwich 
St,  New  York  6,  N.  Y.  _ , 

Technical  Apparatus  Co.,  1171  Tremont 
St,  Boston  20,  Mass.  . _ . 

Technical  Devices  Corp.,  Beaufort  A Eagle 
Rock  Aves.,  Roseland,  N.  J.  _ „ 
Technical  Radio  Co.,  275  Ninth  St,  San 
Francisco,  Calif.  _ _ . . 

Televiso  Products,  Inc.,  6533  N.  Olmsted 
Ave.,  Chicago,  111.  T 

Templetone  Radio  Mfg.  Corp.,  New  Lon- 
don, Conn.  „ 

Thordarson  Electric  Mfg.  Dlv..  Maguire 
Industries,  Inc.,  500  W.  Huron  St., 
Chicago  10,  111.  . ... 

Transmitter  Equipment  Mfg.  Co.,  Inc.,  3«o 
Hudson  St,  New  York,  N.  Y.  . 

United  Cinephone  Corp.,  65  New  Litchfield 
St,  Torrington,  Conn. 

United  States  Television  Mfg.  Corp..  106 
Seventh  Ave.,  New  York.  N.  Y. 

Valeo  Mfg.  Co.,  4700  W.  Walton  St,  Chi- 
cago 51,  111.  _ . 

Walsh  Engineering  Co.,  34  DeHart  Place, 
Elizabeth,  N.  J. 

November  1945  — ELECTRONICS 


Digitized  by 


Google 


ELECTRONIC  and  ALLIED  PRODUCTS. 


Warwick  Mfg.  Corp.,  4640  W.  Harrison 
St  Chic&KO.  I1L 

Waters'  Conley  Co.,  501  First  St,  N.W., 
Rochester,  Minn. 

Waugh  Labs.,  Div.  of  Waugh  Equipment 
Co.,  420  Lexington  Ave.,  New  York 

WebsterNElectric  Co.,  1900  Clark  St. 
Racine,  WIs. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 

Western  Sound  A Electric  Labs,  3512  West 
St  Paul  Ave.,  Milwaukee,  WIs. 

Westlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa 

White  Research,  899  Boylston  St,  Boston, 
Mass. 

Wilcox  Electric  Co.,  1400  Chestnut  Street, 
Kansas  City,  Mo. 

Worner  Electronic  Devices,  609  West  Lake 
SL,  Chicago  6,  I1L  _ 

Wurlitzer  Mfg.  Co..  Rudolph,  North  Tona- 
wanda,  N.  Y. 


Analyzers _ 


CIRCUIT  ANALYZERS 

Aerovox  Corp.,  740  Belleville  Ave.,  New 
Bedford,  Mass. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Clough-Brengle  Co.,  5501  N.  Broadway, 
Chicago  22,  111. 

DeWald  Radio  Mfg.  Corp.,  440  Lafayette 
St,  New  York,  N.  Y. 

Eastern  Electronics  Corp.,  41  Chestnut 
St,  New  Haven,  Conn. 

Electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio 
Electrical  Facilities,  Inc.,  4224  Holden  St., 
Oakland  8,  Calif. 

Espey  Mfg.  Co.  Inc.,  36  West  46th  St, 
New  York  19,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Electronics  Mfg.  Co.,  2225  So. 

Hoover  St,  Los  Angeles  7,  Calif. 
Hewlett-Packard  Co.,  395  Page  Mill  Rd., 
Palo  Alto,  CaL 

Hlckok  Electrical  Instrument  Co.,  10614 
Dupont  Ave.,  Cleveland,  Ohio 
H-W  Mfg.  Co.,  3124  Larga  Ave.,  Los  An- 
geles Cal 

Jackson  Electrical  Instrument  Co.,  18  S. 

Patterson  Blvd.,  Dayton  1,  Ohio 
J-B-T  Instruments,  Inc.,  441  Chapel  St, 
New  Haven  8,  Conn. 

Knickerbocker  Development  Corp.,  116  Lit- 
, tie  St.,  Belleville  9,  N.  J. 

Madison  Electrical  Products  Corp.,  Madi- 
son, N.  J. 

Philco  Corp.,  Tioga  ft  C Sts.,  Philadelphia, 
rv  Pa. 

Precision  Apparatus  Co.,  92-27  Horace 
Harding  Blvd.,  Elmhurst,  N.  Y. 

Radio  City  Products  Co.,  127  W.  26th  St, 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
„ Camden,  N.  J. 

Readrlte  Meter  Works,  College  Ave.,  Bluff- 
_ , ton,  Ohio 

Roller-Smith,  Bethlehem,  Pa. 

Scientific  Service  Laboratories,  2226  So. 

Hoover  St,  Los  Angeles  7,  Calif. 
Simpson  Electric  Co.,  5218  W.  Kinzie  St, 
„ Chicago  44,  111. 

Sound  Equipment  Corp.  of  California,  3901 
San  Fernando  Road,  Qlendale  4, 
Calif. 

Supreme  Instruments  Corp.,  Greenwood, 
Miss. 

Televiso  Products,  Inc.,  6633  N.  Olmsted 
Ave.,  Chicago,  111. 

Triplett  Electrical  Instrument  Co.,  286 
Harmon  Rd.,  Bluffton,  Ohio 
Triumph  Mfg.  Co.,  913  W.  Van  Buren  St, 
w Chicago  7,  Ilf. 

Westlnghouse  Electric  Corp.,  East  Pitts- 
burg Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 

COLOR  ANALYZERS 

Barker  A Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bausch  A Lomb  Optical  Co.,  635  St.  Paul 
St,  Rochester  2,  N.  Y. 

Coleman  Electric  Co.,  318  Madison  St, 
Maywood,  HL 

^aertner  Scientific  Corp.,  1201  Wright- 
Patl  w°f>d  Ave.,  Chicago,  111. 
eneral  Electric  Co.,  Schenectady  5,  N.  Y. 
1 notovolt  Corp.,  95  Madison  Ave.,  New 
York  16,  N.  Y. 
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Pho-Tron  Instrument  Co.,  5713  Euclid 
Ave.,  Cleveland,  Ohio 

Rubicon  Co.,  3751  Ridge  Ave.,  Philadel- 
phia, Pa_ 

Saxl  Instrument  Co.,  38-40  James  St,  East 
Providence  14,  R.  I. 

Technical  Products  Co.,  158  Madison  Ave. 
at  Third  St,  Memphis,  Tenn. 

White  Research,  899  Boylston  St,  Boston, 
Mass. 

HARMONIC  ANALYZERS 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Freed  Transformer  Co.,  72  Spring  St,  New 
York  12,  N.  Y.  _ w f _ 

Gaertner  Scientific  Corp.,  1201  Wright- 
wood  Ave.,  Chicago,  111. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass.  . 

Hewlett-Packard  Co.,  395  Page  Mill  Rd., 
Palo  Alto,  Cal.  „ „ 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Mico  Instrument  Co.,  80  Trowbridge  St, 
Cambridge  38,  Mass. 

Philharmonic  Radio  Corp.,  528  East  72nd 
St,  New  York  21,  N.  Y. 

Westlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

White  Research,  899  Boylston  St,  Boston, 
Mass. 


NOSE  ANALYZERS 

Aerovox  Corp.,  740  Belleville  Ave.,  New 
Bedford,  Mass.  . 

Barker  A Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa.  ^ ,, 

Ferris  Instrument  Co.,  110-112  Cornelia 
St.,  Boonton,  N.  J.  , „ __  _ 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Measurements  Con?.,  Boonton,  N.  J. 

Megard  Corp.,  1601  S.  Burlington  St, 
Los  Angeles  6,  Calif. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J.  „ _. 

Sprague  Electric  Co.,  189  Beaver  St, 

Televiso* Products,'  In“%533  N.  Olmsted 

WaugheLa^s!,CtDW.  of  Waugh  Equipment 
Co.,  420  Lexington  Ave.,  New  York 

Western^lectric  Co.,  Inc.,  120  Broadway, 

WesUnghmi°sek  Electric'  Corp.,  Eaat  Pitts- 
burgh, Pa. 

SUBFACE  ANALYZEHS 
& COMPARATORS 

Brush  Development  Co.,  3405  Perkins 
Ave..  Cleveland  14,  Ohio 

Continental  Machines,  tfne.,  1301  Washing- 
ton Ave.  S.,  Minneapolis  4,  Minn. 

9r.S1s5,r.,eCar?hC^e^t|dVa,nN'SI; 

SaxlAInstnimerit  Co.,  38-40  James  St, 
East  Providence  14,  R.  L 

United  States  Rubber  Co..  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

transmission  analyzers 

Cinema  Engineering  Co.,1508  W.  Ver- 
dugo  Ave.,  Burbank,  Calif.  . 

Daven  Co.,  191  Central  Ave.,  Newark  4, 
N.  J. 


Anodes. 


METAL  ANODES 

American  Brass  Co.,  Waterbury  88,  Conn. 

Art  Wire  A Stamping  Co.,  227  High  St, 
Newark  2,  N.  J.  m . . 

Belmont  Smelting  & Refining  Works,  Inc., 
330  Belmont  Ave.,  Brooklyn  7,  N.  Y. 

Bishop  & Co.  Platinum  Works,  J.,  12 
Channing  Ave.,  Malvern,  Pa. 

Chase  Brass  A Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91,  Conn. 

Division  Lead  Co.,  836  W.  Kinzie  St, 
Chicago  22,  I1L  _ _ 

DuPont  de  Nemours  A Co.,  Inc.,  E.  L, 
Wilmington  98.  Del. 

Fansteel  Metallurgical  Corp.,  2200  Sheri- 
dan Rd.,  North  Chicago,  111. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 

Goldsmith  Bros.  Smelting  ft  Refining  Co.. 
58  E.  Washington  St,  Chicago,  111. 

Handy  ft  Harman,  82  Fulton  St,  New 
York  N Y 

Haydu  Bros!,  Mt  Bethel  Rd.,  Plainfield, 

Natlona?  Lead  Co.,  Ill  Broadway,  New 

Radio°Corp.'  of  America,  Tube  Div.,  RCA, 
Harrison,  N.  J.  ..  . 

Revere  Copper  & BrasB  Inc.,  230  Park 
Ave.,  New  York  17,  N.  Y. 

Rice’s  Sons,  Inc.,  Bernard,  326  Fifth  Ave., 

ScovmeMfg!°Co'.,  99  Mill  St,  Waterbury  91, 

Suw^lorTube  Co.,  Norristown,  Pa. 

Swedish  iron  A feteel  Corn.,  17  Battery 

SyIvan?a%tecWc^^ucts,  Inc.,  500  Fifth 

Westlnghouse^ ETectrlt^Corp.,  East  Pitts- 
burgh,  Pa. 


CARBON  ANODES 


Antenna  Mounts. 


Shur-Antenna-Mount,  Inc.,  Seacliffe,  Long 
Island,  N.  Y. 


Antennas. 


Becker  Bros.  Carbon  Co.,  3460  S.  62nd 

DixonVCrudbf<r °6o..  Joseph,  Monmouth  St, 

Genera^lectrip’  Co-  8ch|''e0t|^y 
Helwlg  Co.,  2544  North  30th  St,  Miiwau 

National  Carbon  Co.,  Inc,  30  East  42nd 

Ohio^Carbon  Co  . 12508  Berea  Rd..  Cleve- 

Speer  Carbon  Co.,  St. 

Stackpole  Carbon  Co.,  St  Marys,  Fa. 


RECEIVINa  ANTENNAS 

Alreon  Manufacturing  Corp.,  Fairfax  A 
Funston  Rds.,  Kansas  City  16,  Kans. 
Airplane  A Marine  Instruments  Inc., 
Clearfield,  Pa. 

American  Radio  Hardware  Co,  Inc,  152 
MacQuesten  Pkway  S.,  Mt.  Vernon, 

Amy^  Aeeves  A King,  Inc,  11  W.  42nd 

Andrea  RadTio^orp^is-io  34th  St,  Long 

Andrewnco.?1363 ^ast  75th  St,  Chicago 

Bassett,  “inc.,  Bex,  500  S.E.  Second  St, 

Blrn^cMo^:,^.,  145  Hudson  St, 

Brach6  Mfg°r&oiTy  L.  S-.  55  Dickerson 

Burton-Rovers  857  Boylston  St.  Bos- 

Cardy-lu^dmilf;  Co.,  1801  West  Byron 

C°'4^Sad*  cS  4Ct%L410^  N' 

C°m%XZA^SOt°  HZ  184 

Communlcatkms^E  it,Pp^denari,''ca1l?f. 

Concord  Radio  Corp..  901  W.  Jackson 
Corn?,'hV<1vM:  15  Park  Row.  New 
DeMornay-Budd,  Inc.  475  Grand  Con- 
Du  So“nT'L^ln?  ^ B..  2 Main 

Farnsworth^Tek)visio*n  A Radio  Corp.,  8701 
Pontiac  St,  Fort  Wayne,  Ind. 

Flshwlck  Radio  Co.,  430  Colorado  Bldg., 
M.,  U,  N.  Broad 
Gaivfn ’Mfg.n*Corp., ' 4546  Augusta  Blvd.. 

Gen^al^ommunication  Co.,  530  Common- 
™ wealth  Ave.,  Boston  15,  Mass 
General  Electric  Co.,  Schenectady  5,  N.  1 . 
Harco  Steel  Construction  Co.,  1180  E. 
Broad  St,  Elisabeth  4,  N.  J. 
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Harvey -We  11a  Electronics,  Inc.,  North  St., 
Southbrldge,  Mass. 

Heath  Co.,  Benton  Harbor.  Mich. 

Insuline  Corp.  of  America,  36-02  36th  Ave., 
Long  Island  City,  N.  Y. 

J.  F.  D.  Mfg.  Co.,  4111  Fort  Hamilton 
Pkwy.,  Brooklyn,  N.  Y. 
Jefferson-Travia  Radio  Mfg.  Corp.,245 
East  23rd  St,  New  York  10,  N/ Y. 
Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Kings  Electronics  Co.,  372  Classon  Ave., 
Brooklyn  6,  N.  Y. 

Knickerbocker  Development  Corp.,  116  Lit- 
tle St.  Belleville  9,  N.  J. 

Lavoie  Laboratories,  Morganville,  N.  J. 
Lear,  Inc.,  Plqua,  Ohio. 

Lenoxite  Div.,  Lenox  Inc.,  66  Prince  St, 
Trenton,  N.  J. 

Link,  Fred  M.,  126  W.  17th  St,  New 
York,  N.  Y. 

Magnavox  Co.,  The,  2131  Bueter  Road, 
Fort  Wayne  4,  Ind. 

Mec-Rad  Div.,  Black  Industries,  1440  E. 
222nd  St,  Cleveland  17,  Ohio  (H.  F. 
Components) 

National  Electronic  Mfg.  Corp.,  22-78 
Stein  way  St,  Long  Island  City  6, 

National  Mineral  Co.,  2628  N.  Pulaski  Rd., 
Chicago  39,  I1L 

Philco  Corp.,  Tioga  ft  C Sts.,  Philadel- 
phia 34,  Pa. 

Philson  Mfg.  Co.,  Ina,  166  Chambers  St., 
New  York,  N.  Y. 

Plymold  Corp.,  Lawrence,  Mass. 

Premax  Products  Div..  Chisholm-Ryder 
Co.,  College  ft  Highland  Aves.,  Nia- 
gara Falls  2,  N.  Y. 

Radex  Corp.  of  America,  1322  Elston 
Ave.,  Chicago,  I1L 

Radiart  Corp.,  3671  W.  62nd  St,  Cleve- 
land 2,  Ohio 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Richardson-Alien  Corp.,  16  West  20th  St, 
New  York  11,  N.  Y. 

S-W  Inductor  Co.,  1066  N.  Wood  St,  Chi- 
cago, I1L 

Schott  Co.,  Walter  L,  9306  Santa  Mon- 
a w Biv<*y  Beverly  Hills,  Calif. 
Schuttlg  ft  Co.,  9th  ft  Kearney  Sts.,  N. 

E.,  Washington  17,  D.  C. 

Skydyn^  Inc.,  River  Road,  Port  Jervis, 

Small  Motors,  Inc.,  1322  Elston  Ave.,  Chi- 
cago 22,  lit 

Snyder  Mfg.  Co.,  22nd  ft  Ontario  Sts., 
Philadelphia  40,  Pa. 

Stromberg -Carlson  Co.,  100  Carlson  Rd., 
Rochester,  N.  Y. 

Superior  Tube  Co.,  Norristown,  Pa. 
Technical  Appliance  Corp.,  616  W.  34th 
St,  New  York  1,  N.  Y. 

Tele$orkiCl  <N>I**Y  850  West  3l8t  St’  New 
Telicon  Corp.,  861  Madison  Ave.,  New 
York,  N.  Y. 

Trebor  Radio  Co.,  Pasadena,  Calif. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

United  States  Television  Mfg.  Corp.,  106 
..  Seventh  Ave.,  New  York,  N.  Y. 

Vendo  Co,  1907  Grand  Ave.,  Kansas  City, 

w»ra'  Products  Corp.,  1521  E.  45th  St., 
m Cleveland  3,  Ohio 

New^OTk^N’-T.”  M‘U<Un  UlDe‘ 
Winter*  * Crampton  Corp.,  150  Wilson 
„ Ave.,  OrandvlUe,  Mich. 

Workshop  Associates,  66  Needham  St., 
Newton  Highlands,  Gardner,  Mask 

TRANSMITTING  ANTENNAS 

Aero  Communications,  Inc.,  231  Main  St. 

HATtmitaoH  Tnnir  T.ln.A  XT  V ’ 


a-  ti  i to  tun  nut,  jvansas  uuy  it>,  Kana 

Airplane  ft  Marine  Instruments,  Inc., 
Clearfield,  Pa. 

American  Bridge  Co.,  Frick  Bldg.,  Pitts- 
burgh, Pa. 

Andrew  Co.,  363  E.  76th  St,  Chicago  19, 

Barker  ft  Williamson,  236  Fairfield  Ave. 
Upper  Darby,  Pa. 

Bassett,  Inc.,  Rex,  600  S.  E.  Second  St. 
Ft  Lauderdale,  Fla. 

Birnbach  Radio  Co.  Inc.,  146  Hudson  .St, 
New  York,  N.  Y. 

Blaw-Knox  Co.,  Farmers  Bank  Bldg., 
Pittsburgh,  Pa. 

Brach  Mfg.  Corp.,  66  Dickerson  St,  New- 
ark, N.  J. 

Collins  Radio  Co.,  855-85th  St,  N.E.,  Cedar 
Rapids.  Iowa 


Communication  Products  Co.,  Inc.,  346 
Bergen  Ave.,  Jersey  City  6,  N.  J. 

Communications  Co.  Inc.,  300  Greco  Ave., 
Coral  Gables  34,  Fla. 

Communications  Equipment  Corp.,  184 
West  Colorado  St,  Pasadena  1,  Calif. 

DeMornay-Budd,  Inc.,  476  Grand  Con- 
course, New  York,  N.  Y. 

Erco  Radio  Laboratories,  Ina,  Fenimore 
Avenue,  Hempstead,  N.  Y. 

Farnsworth  Television  ft  Radio  Corp.,  3702 
Pontiac  St.  Fort  Wayne,  Ind. 

Fisher  Research  Laboratory,  1961  Uni- 
versity Ave.,  Palo  Alto,  Calif. 

General  Communication  Co.,  630  Common- 
wealth Ave.,  Boston  16,  Mass 


Batteries - 


wwwui  Ave.,  Duniuii  iu,  mass. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 
Grady  Instrument  Co.,  11  Bailey  Ave., 
Watertown  72,  Mass. 


nuiauunn  id,  mw. 

Harco  Steel  Construction  Co.,  Inc.,  1180 
E.  Broad  St,  Elisabeth  4,  N.  J. 

Hoke  Vertical  Radiator  Co.,  136  S.  Mar- 
ket St,  Petersburg,  Va. 

Insuline  Corp.  of  America,  36-02  36th  Ave., 
Long  Island  City,  N.  Y. 

Isolantlte,  Inc.,  848  Cortland  t St,  Belle- 
ville 9,  N.  J. 

Jefferson,  Inc.,  Ray,  40  E.  Merrick  Rd., 
Freeport  L.  L,  N.  Y. 
Jefferson-Travis  Radio  Mfg.  Corp.,  245 
East  23rd  St,  New  York  10.  N.  Y. 
Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Kaar  Engineering  Co.,  619  Emerson  St, 
Palo  Alto,  Calif. 

Kings  Electronics  Co.,  372  Classon  Ave., 
Brooklyn  5,  N.  Y. 

Knickerbocker  Development  Corp.,  116  Lit- 
tle St,  Belleville  9,  N.  J. 

Lavoie  Laboratories,  Morganville,  N.  J. 
Lear,  Inc.,  Piqua,  Ohio 
Lehigh  Structural  Steel  Co.,  17  Battery 
PI.,  New  York  4,  N.  Y. 

Lenoxite  Div.,  Lenox  Inc.,  66  Prince  St, 
Trenton,  N.  J. 

Lingo  ft  Son,  John  E.,  28th  St  ft  Buren 
Ave.,  Camden,  N.  J. 

^^Vori^N  *y  *26  W‘  17th  St"  NeW 
Mec“^d -D,'r-  B1*ck  Industries,  1440  E. 
222nd  St,  Cleveland  17,  Ohio  (H.  F. 
Components) 

National  Electronic  Mfg.  Corp.,  22-73 
Steinway  SL,  Long  Island  City,  N.  Y. 
National  Mineral  Co..  2628  N.  Pulaski  Rd., 
Chicago  89,  111. 

Plymold  Corp.,  Lawrence,  Mass. 

Premax  Products  Div.,  Chisholm  Ryder 
Palls3!  Hl*hland  Ave.,  Niagara 

Radio  Corp!  of  America,  RCA  Victor  Div . 
Camden,  N.  J. 

Radio  Engineering  Labs.,  Inc.,  36-54  36th 
St--  Lon*  Island  City,  N.  t. 

^ Yo?lTllPtN  y°  ’ 251  ^ 19th  8tf  NeW 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass. 

R'chartson-AIlen  Corp.,  lB  w.  .20th  St. 

Schuttlg  * Co.,  9th  A Kearney  Sts.,  N.  E., 
Washington  17,  D.  C. 

Sky  dyne.  Inc.,  River  Road,  Port  Jervis, 

Sny6kAh?.0-,o!X 4 0nUrio 

S^I,or9T^.Co^.  Norristown,  Pa. 

Techpislci^!,0cahf: 276  Nlnth  8t>  San 

Svoff?”..?1?*1  Co-  Youngstown,  Ohio 
United  States  Television  Mfg.  Corp.,  106 
_ Seventh  Ave.,  New  York,  N.  Y. 

Vendo  Co.,  1907  &rand  Ave.,  Kansas  City 

w“nS^  Wi,S?:-Ync- 120  Brow,way' 

Westinghouse  Eleetric  Corp.,  East  Pitta - 
burgh.  Pa. 

Wln&rr..Eor?^  7th  * Division  Sts., 
Sioux  City,  Iowa 

Winters  A Crampton  Corp.,  160  Wilson 
-nr  Grarulvllle,  Michigan 

Workshop  Associates,  66  Needham  St 
Newton  Highlands,  Gardner,  Masa 


Attenuators _ 

•ee  Controls 


Ballasts _ 


DRY  BATTERIES 

Acme  Battery  Corp.,  69  Pearl  fit,  Brook- 
lyn, N.  Y. 

Bond  Electric  Corp.,  Div.  of  Olln  InduB- 
triee,  Inc.,  New  Haven  4,  Conn. 

Bright  Star  Battery  Co.,  200  Crooks  Ave., 
Clifton,  N.  J. 

Burgess  Battery  Co.,  Foot  of  Exchange 
St.,  Freeport,  I1L 

Emerson  Radio  ft  Phonograph  Corp.  Ill  « 
Eighth  Ave.,  New  York,  N.  Y.  ““ 

General  Dry  Batteries,  Ina,  13000  Atm  n« 
Ave.,  Cleveland,  Ohio  * 

Marathon  Battery  Co.,  Wausau,  Wise. 
National  Carbon  Co.,  Ina,  80  Esst  4ind 
St.  New  York  17,  N.  Y. 

National  Union  Radio  Corp.,  15  Washing-  fiff 

ton  St,  Newark  2,  N.  J. 

Olln  Industries,  East  Alton.  I1L 
Philco  Corp.,  (Battery  Division),  Phila- 
delphia 34,  Pa.  , 

Radio  Corp.  of  America,  Tube  Div.,  RCA.. 
Harrison,  N.  J. 

Ray-O-Vac  Co.,  Madison,  Wls. 

Southern  Battery  Co.,  Appomattox,  Va. 
Transelectric  Mfg.  Co.,  Oxford,  Pa. 

United  States  Electric  Mfr.  Corp.,  222  W. 

14th  St,  New  York,  N.  Y. 

Western  Cable  Battery  Co.,  Inc.,  3*5 
Sibley  St,  St  Paul,  Minn. 

STORAGE  BATTERIES 

American  Battery  Co.,  17  E.  Jefferson  St, 
Chicago,  I1L 

Am-plus  Storage  Battery  Co.,  426  W 
Superior  St,  Chicago,  I1L 
Auto-Lite  Battery  Corp.,  P.  O.  Box  911. 
Toledo,  Ohio 

Automatic  Electrical  Devices  Co.,  324  E 
Third  St,  Cincinnati  2,  Ohio 
Bowers  Battery  ft  Spark  Plug  Co.,  Read- 

Centrafab  ^>lv.  of  Globe  Union  Ina,  909 
E.  Keefe  Ave.,  Milwaukee  L 'Wise. 
Edison  Storage  Battery  Div.,  Thomas  A. 
Edison,  Ina,  Main  St  at  Lakeside 
Ave.,  West  Orange,  N.  J. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 
Electric  Storage  Battery  Co.,  Allegheny 
Ave.  ft  19th  St,  Philadelphia  32  Pa. 
General  Lead  Batteries  Co.,  196  West 
Railway  Ave.,  Paterson,  N.  J.  ' 

General  Storage  Battery  Co.,  2005  Locust  .3 
St,  St  Louis,  Mo.  X 

Gould  Storage  Battery  Corp.,  36  Neoga  ... 

Stj  Depew,  N.  Y.  _ 

Ideal  Commutator  Dresser  Co.,  1291  Pars 
Ave.,  Sycamore,  I1L 

K W.  Battery  Co..  8705  N.  Lincoln  Ave.. 
Chicago  13,  11L 

Koehler  Mfg.  Co.,  Marlboro,  Masa 
Monark  Battery  Co.,  Ina,  1240  N.  Homan 
Ave.,  Chicago,  I1L  „ ..  , 

National  Battery  Co.,  First  National 
Bank  Bldg.,  St  Paul,  Minn. 

Perrine  Quality  Products  Corp.,  55  Rum- 
ford  Ave.,  Waltham  64,  Mass. 

Philco  Corp.,  (Storage  Battery  Division). 

Philadelphia  84,  Pa  jrM  w 

Prest-O-Lite  Battery  Co.,  Ina,  4500  w 
16th  St,  Box  1665,  Indianapolis,  Ind. 
Solar  Corp.,  944  W.  Bruce  St,  Milwau- 
kee 4 Wis. 

United  States  Rubber  Co.,  1230  Sixth  Ave.. 

New  York  20,  N.  Y.  „ a .. 

Universal  Battery  Co.,  2410  8.  La  Salle 
St,  Chicago,  III.  „ 01K 

Western  Cable  Battery  Co.,  Ina,  395  Sib- 
ley St,  St  Paul,  Minn. 

Willard  Storage  Battery  Co.,  246  E.  131st 
St,  Cleveland  1,  Ohio 

Bearings.  Miniature  — 

Ace  Mfg.  Corp.,  1266  E.  Brie  Ave.,  Phils- 
delphia  Pa. 

Bird  & Co.,  Waltham,  Mass.  _ . 

Bound  Brook  Oil-less  Bearing  Co.,  Bound 
Brook,  N.  J.  . _ ._.9, 

General  Plate  Div.,  Metals  ft  C<mtrow 
Corp.,  34  Forest  St,  Attleboro,  Maw- 
Graphite  Metallizing  Corp.,  1055  Nepper 
ham  Ave.,  Yonkers  3,  N.  Y. 

Insuline  Corp.  of  America,  36-02  85th  Ave.. 

Long  Island  City,  N.  Y. 

Miniature  Precision  Bearings,  Keen  . 

Moraine  Products  Div.,  General  Motor® 
Corp.,  Dayton,  Ohio  _ u.mi 

United  States  Graphite  Co.,  1621  Hollan 
Ave.,  Saginaw,  Mich. 
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Bellows 

- Chicago  Metal  Hose  Corp.,  1309  S.  Third 

We..  Maywood,  111.  _ . 

Clifford  Mfg.  Co.,  564  E.  First,  Boston, 

If  CookMEtectrlc  Co.,  2700  Southport  Ave., 

I Fulton 'sylphon  Co.,  Knoxville,  Tenn. 
liiannlni  & Co.,  Inc.,  G.  M.,  161  l-  Calllor- 
■-*  nla  SL,  Pasadena.  Calif. 


Blanks,  Recording _ 

see  Discs 


Blowers,  Small . 


Chelsea  Products,  Inc.,  1206  Grove  St., 

Delco  Appliance  Division,  General  Motors 
Corp.,  Rochester,  N.  Y.  ,C1Q  ~ 

Dynamic  Air  Engineering,  Inc.,  1619  So. 
Alameda  St.,  Los  Angeles  11,  Calif. 

Eastern  Air  Devices,  Inc.,  o85  Dean  bt., 
Brooklyn  17,  N.  Y.  . 

Eastern  Engineering  Co.,  4o  Fox  bt.,  New 

Goodafl'  ElectrIc"°Mfg.  Co.,  320  N.  Spruce 

Haydu'  Bros'^Mt.  Bethel  Kd.,  Plainfield, 

Heinze  Electric  Corp.,  Lowell,  Mw 

Ideal  Commutator  Dresser  Co.,  1291  ParK 
Ave.,  Sycamore,  111. 

Ilg  Electric  Ventilating  Co.,  2850  N.  Craw- 
ford Ave.,  Chicago  41,  I1L 

L-R  Manufacturing  Co.,  6o  New  Litch- 
field St,  Torrington,  Conn. 

Leiman  Bros.,  203  Christie  St,  Newark  o, 
N.  J. 

Redmond  Co.  Inc.,  Monroe  St.,  Owosso, 
Mich. 

Small  Motors,  Inc.,  1322  Elston  Ave., 
Chicago,  111.  _ _ CAQ 

Smith  Mfg.  Co.,  F.  A.,  P.  O.  Box  509, 
Rochester  2,  N.  Y.  _ 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 


Slue,  and  Black-White 
Printing  Machinery _ 


Green,  Inc.,  R.  H.,  Dayton  1.  Ohio 

Line  Material  Co.,  800  N.  Eighth  St.,  Mil- 
waukee,  Wise. 

National  Lead  Co.,  Ill  Broadway,  New 
York  6,  N.  Y. 

Ohio  Brass  Co.,  Mansfield,  Ohio 

Oliver  Iron  & Steel  Corp.,  S.  Tenth  & Mu- 
riel Sts.,  Pittsburgh  3,  Pa. 

Paine  Co.,  2961  Carroll  Ave.,  Chicago  12, 

Palatine  Industrial  Co.,  Ill  Fifth  Ave., 
New  York  3,  N.  Y. 

Phillips  Drill  Co.,  1537  Cortland  St.,  Chi- 
CH.KO  111. 

Rawlpiug  Co!,  98  Lafayette  St,  New  York, 

Seyler  Mfg.  Co.,  Butler  Plank  Rd.,  Pitts- 

Star  Expansion  Bolt  Co.,  147  Cedar  St., 
New’  York  6,  N.  Y. 

Steel  City  Electric  Co.,  1207  Columbus 
Ave.,  Pittsburgh  12,  Pa. 

Sterling  Bolt  Co.,  209  W.  Jackson  Blvd., 

Steward  ^Romaine  Mfg.  Co.,  124  N.  Sixth 
St.,  Philadelphia,  Pa.  ^ , 

United  Screw  & Bolt  Corp.,  2513  W.  Cul- 
lerton  St,  Chicago,  111. 

U.  S.  Expansion  Bolt  Ckx,  York,  Pa. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 


Bombarders. 


Ecco  High  Frequency  Electric  Corp..  7020 
Hudson  Blvd.,  North  Bergen,  N.  J. 
LepeT  High  Frequency  Laboratories,  39 
West  60th  St_,  New  York,  N.  Y. 

Radio  Corp.  of  America,  Tube  Div.,  RCA., 

S-W  Inductor  Co.,  1056  N.  Wood  St,  Chi- 

Scient&c’  Electric  Div.  of  *'S”  Corrugated 
Quenched  Gap  Co.,  119  Monroe  St, 

Shemm  Electronics  Co.,  1201  Flushing 
Ave.,  Brooklyn  6,  N.  Y. 


Breakers - 


Brunlng  Co.  Inc.,  Charles,  4700  Montrose 
Ave.,  Chicago  41,  111.  • . ...  * 

Ozalid  Products  Div.,  General  Aniline  & 
Film  Corp.,  770  Ansco  Rd.,  Johnson 
City,  N.  Y.  ^ , 

Paragon  Revolute  Corp.,  97  South  Ave., 

Rochester  4,  N.  Y.  T . 

Pease  Company,  C.  F.,  2601  W.  Irving 
Park  Rd.,  Chicago  18,  111.  . 

Peek  & Harvey,  4327  Addison  St.,  Chi- 
cago, I1L  _ . 

Photo  Reproducing  Equipment  Co.,  Chat- 
ham, N.  J.  „ T 

Shaw  Blue  Print  Machine  Co.,  Inc.,  12 
East  Park  St,  Newark  2,  N.  J. 
Wlckes  Brothers.  515  N.  Washington  Ave., 
Saginaw,  Mich. 


Bolts,  Expansion. 


0* 


Ackennan-Johnson  Co.,  625  W.  Jackson 
Blvd.,  Chicago,  111.  Q 

American  Expansion  Bolt  & Mfg.  Co.,  909 
N.  Spaulding  St,  Chicago,  111. 

Anchor  Products  Co.,  175  Fifth  Ave.,  New 
York,  N.  Y.  . 

Apex  Bolt  Products  Co.,  1301  Carroll  Ave., 
Chicago,  I1L  _ 

Arro  Expansion  Bolt  Co.,  740  W.  Center 
„ St.,  Marion,  Ohio  . 

Bayonne  Bolt  Corp.,  32  W.  Second  St, 
_ Bayonne,  N.  J.  . 

Bethlehem  Steel  Co.,  701  E.  Third  St, 

Bethlehem,  Pa.  _ 

Chicago  Expansion  Bolt  Co.,  2240  W.  Og- 
den  Ave.,  Chicago  12,  I1L 
Church  Expansion  Bolt  Co.,  Isaac,  1 
_ Fourth  St,  East  Norwalk,  Conn. 
Croessant  Machine  Works,  39  Moss  St, 
_ t Reading,  Pa.  _ 

Diamond  Expansion  Bolt  Co.,  Garwood, 
N.  J. 
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CIRCUIT  BREAKERS  (lor  oloctronlc 

applications) 

Allis  Chalmers  Mfg.  Co.,  Milwaukee  1, 

Con^t^XS“iA»2^i^.  ™ 
FedMa4”  sar.,, 

Paris  St..  Newark,  N.  J-  .,  Y 

§S2SS a^e^qt%?|kenrg,dy957  Plum 

Knlckefbocker^Development  Corp..  1X6 

LltteVfus'e,  SILn  ®e4755  Raveitswood  Ave.. 

Rlchardson-AUen  Corp..  16  West  20th  St., 
New  York  11,  N.  *. 

Roller-Smith  Bethlehem,  Pa. 

Smith  Mfg.  Co  - F A.,  r.  u. 

Trumbull  Electric  Mfg.  Co.,  PlainvlUe, 

WesUnghouse  Electric  Corp.,  East  Pitts- 

York'wfre  ACable  Ditb.  General  Electric 
Co.,  Bridgeport,  Conn. 


Central  Scientific  Co.,  1700  Irving  Park 
Blvd.,  Chicago  13,  111.  ^ 

Clough-Brengle  Co.,  5501  N.  Broadway, 
Chicago  22,  111.  _ . 

Communication  Measurements  Laboratory, 

120  Greenwich  St,  New  York,  N.  Y. 
ConnecUcut  Telephone  & Electric  Div.  of 
Great  American  Industries,  Inc.,  70 
Brittanla  St.,  Meriden,  Conn. 
Cornell-Dubilier  Electric  Corp.,  1000  Ham- 
ilton Blvd.,  South  Plainfield,  N.  J. 
Eastern  Electronics  Corp.,  41  Chestnut  bt., 
New  Haven,  Conn.  _ 

Electric  Heat  Control  Co.,  9123  Inman 

Ave..  Cleveland  5,  Ohio  

Electronic  Supply  Co.,  207  Main  St,  Wor- 

Fedenil'^In stru meat  Co.,  3981  47th  Ave., 
Long  Island  City  4,  N.  Y. 

Foxboro  Co.,  Foxboro,  Mass. 

Freed  Transformer  Co.,  72  Spring  St.,  New 
York  12,  N.  Y.  . . M v 

General  Electric  Co.,  Schenectady 5,  N.  Y. 
General  Electronics  Mfg.  Co..  2226  So. 

Hoover  St.,  Los  Angeles  7,  Calif. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Gray  Instrument  Co.,  64%  W.  Johnston 
St.,  Philadelphia,  Pa. 

Grenby  Mfg.  Co.,  PlainvlUe,  Conn. 

H-W  Mfg.  Co.,  3124  Larga  Ave.,  Los  An- 

Hatry'&  Young,  203  Ann  SL,  Hartford, 

Herba-ch”*  Rademan  Co.,  Mfg.  Div.,  617 
Ludlow  SL,  Philadelphia,  l a. 

Hlckok  Electrical  Instrument  Co.,  I05I4 
Dupont  Ave.,  Cleveland  Ohio 
Industrial  Instruments,  Inc.,  166  Culver 

Leed^'&*  ’Northrup^Cv.  f 497 Olsten  ton  Ave. , 

Lewi?Eng1nPeheHn^'Co.?-52  Rubber  Ave., 

Marl?nUEaectrl'cai0Instrument  Co.,  Man- 

Portable  Products  Corp.,  C.  J-,  Tagliabue 
Div.,  560  Park  Ave  Brooklyn  5,  N . Y. 
Radio  City  Products  Co.,  Inc.,  127  West 

Radio^ConL  of' America:  RCa' Victor  Div., 

R tehardson  - A1 1 en  Corp.,  15  West  20th  St., 
New  York,  N.  Y. 

Roller-Smith,  Bethlehem,  Pa.  . , 

Rubicon  Co..  3751  Ridge  Ave.,  Philadel 

ShalfcriSs  Mfg.  Co.,  10  Jackson  Ave.,  Col- 

Stmpson^Electrlc  Co.,  5218  W.  Kinzie  St., 

StandardFlnstru’ments  Corp.,  568  Prospect 

TechALaboratoides,  7 Lincoln  SL,  Jersey 

Technical  ^Apparatus  Co.,  1171  Trcmont 
St.,  Boston  20,  Mass.  _ n 

Thwing- Albert  Instrument  Co.,  Penn  St. 

& Pulaski  Ave.,  Philadelphia  44,  P; a. 
United  Transformer  Corp.,  Io0  Varick  St., 

WaughWL  Jbs?  Div.  Nof  Waugh  Equipment 
Co.,  420  Lexington  Ave.,  New  York  17, 

Welch' Scientific  Co  W.M..  1515  Sedgwick 
Wesfnn  ElecSdcal  Instrument  Corp. 614 
Whlt^lt"sfareh?899  Boylston  St.,  Boston, 
WlnsYoT'Co.,  9 Liberty  SL,  Newark  5, 
N.  J. 


Bridges — — 

electrical  measurement  bridges 

see  Analysers 

Aer0™J  c££"740  Belleville  Ave.,  New 
Amp^l^°S.“f“ATrica,  396  Broadway, 
AssoSea7edY  Research,  Inc.,  231  S.  Green 
Balden  C£ocogmotive'  Works,  Eddystone. 

BarkPe?-&  Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 


Broadcast  Monitors ■ 

see  Monitors,  Broadcast 

Brushes.  Carbon  & Graphite 

Becker  Brothers  Carbon  Co.,  3450  S.  52nd 

^^^SSSffSL  Phnadelphla! 
Pa. 


;on  CruciDie  cu., 
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Helwig  Co.,  2544  North  30th  St,  Milwau- 
kee 10,  Wise. 

Henrlte  Products  Corp.,  Ironton,  Ohio 

Keystone  Carbon  Co.,  Inc.,  1935  State  St. 
St.  Marys,  Pa. 

LeValley-Vitae  Carbon  Brush  Co.,  Rom- 
bout  Ave.,  Beacon,  N.  Y. 

Morganite  Brush  Co.,  33-02  48th  Ave., 
Long  Island  City,  N.  Y. 

National  Carbon  Co.,  30  East  42nd  St, 
New  York  17,  N.  Y. 

Ohio  Carbon  Co.,  12508  Berea  Rd.,  Cleve- 
land, Ohio 

Pittsburgh  Carbon  Brush  Co.,  811  Fulton 
St.,  Pittsburgh  12,  Pa. 

Pure  Carbon  Co.,  St  Marys,  Pa. 

St  Mary’s  Carbon  Co.,  St.  Marys,  Pa. 

Seager  Carbon  Co.,  68  Barclay  St,  New 
York  7,  N.  Y. 

Snarr  & Co.,  Geo.  W.,  110  S.  Ninth  St,  St 
Louis  2,  Mo. 

Southern  Carbon  Brush  Co.,  P.  O.  Box 
2021,  109  N.  11th  St,  Birmingham  1, 
Ala. 

Speer  Carbon  Co.,  Lincoln  Ave.,  St  Marya 
Pa.  * 

Stackpole  Carbon  Co.,  St.  Marya,  Pa. 

Superior  Carbon  Products,  Inc.,  9112 
George  Ave.,  Cleveland,  Ohio. 

Tunjraten  Contact  Mfg.  Co.,  North  Bergen, 

United  States  Graphite  Co.,  1621  Holland 
Ave.,  Saginaw,  Mich. 


Cabinets _ 


CABINETS.  CHASSIS  AND  PANELS 

Altec  Lansing  Corp.,  1680  N.  Vine  St, 
Los  Angeles  28,  Calif. 

Alumbium  Goods  Mfg.  Co.,  Manitowoc, 

American  Communications  Com . 806 

Broadway,  New  York,  NY 
American  Insulator  Corp.,  New  'Freedom, 

American  Radio  Hardware  Co.,  Inc.  152 
Maepuesten  Pkway  S.,  Mt.  Vernon, 

Anson^OockCo.^nc.,  ,03  Lafayette  St, 
AraystMLBouil  f,Uffoy  C°"  3107  St. 

Austin  Co.,  O.,  42  Greene  St.,  New  York, 
BaeIsiSe'’N^JS'’  9 Montgomery  St.,  Hill- 

Bak<York  C17rPN  3y  EaSt  42nd  St"  New 
BUdlanaddl'3':  & 2h8  E'  65th  Cleve- 
Caswell-Runyon  Co.,  Huntington.  Inrt 
Chica^olrin0-’  2119  Churchlll  Ave., 

C°leNew  ' 'ySC'YS" T?  349  Broadway, 

^rtpiS'lot15*  8t  N- 

C°‘UNew  York,'  RoxYCo"  260  E'  143rd  St, 
Continental-Diamond  Fibre  Co.,  16  Chapel 
St,  Newark,  Del.  v 

S°r^'rJan^stown  Mfg.  Corp.,  Corry,  Pa 

BrS,WynSti5S  £°rr"  963  Keat  A'’a. 

Cr°nchi?kgonClll  3791  Bavenswood  Ave., 
DahJ^St^al^c  Y°°r  Co-  Buffalo  St, 

DeWsatf  Newi0Y“k®  NC0YP  " 440  Lafayette 
EdWtaornS6,  MCaisT'  J"  721' Baach  St,  Bos- 
Ejectric  Auto-Lite  Co..  Toledo  1.  Ohio 
EeCSt?NewaUYork0nNCOf  ^ 12 

E'ecwZc;,,te“‘,pMLsCo' ' 207  Maln  St'. 
Emeraon  Radio  & Phonograph  Corp,,  111 
Eighth  Ave.,  New  York,  N Y 

Erie'  Pa*”'  C°"  1602  East  18th  st •• 
Brie2CannCo..  816  W.  Erie  St,  Chicago, 

Etched  Products  Com.,  39-01  Queens  Blvd 
. Long  Island  City,  N.  Y. 

Falstrom  Co.,  7 Palstrom  Court,  Passaic. 

N.  J . 

Federal  Electric  Products  Co..  Inc  50 
Paris  St,  Newark,  N.  J. 

Franklin  Fibre-Lamltex  Corp.,  12th  k 
French  St.,  Wilmington,  Del. 

Garod  Radio  Corp^,  70  Washington  St, 
Brooklyn,  N.  Y. 


General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  I1L  * 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Goat  Metal  Stampings  Inc.,  314  Dean  St, 
Brooklyn,  N.  Y. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nebr. 

Grammes  & Sons,  Inc.,  L.  F.,  389  Union 
St.,  Allentown  2,  Pa. 

Hadley  Co.,  Robert  M.,  711  E.  61st  St, 
Los  Angeles,  Calif. 

Hawley  Products  Co.,  St  Charles,  111. 
Hoffman  Radio  Corp.,  3430  South  Hill  St, 
Los  Angeles  7,  Calif. 

Hopp  Press,  Inc.,  460  West  34th  St,  New 
York,  N.  Y. 

Hudson  American  Corp.,  25  West  43rd 
St,  New  York,  N.  Y. 

Industrial  Sound  Products  Co.,  3597  Mis- 
sion St,  San  Francisco,  Calif. 

Insuline  Corp.  of  America,  36-02  36th  Ave., 
Long  Island  City,  N.  Y. 

JefTerson  Travis  Radio  Mfg.  Corp.,  245 
East  23rd  St,  New  York  10,  N.  Y. 
Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Karp  Metai  Products  Co.,  129  Thirtieth 
St.,  Brooklyn,  N.  Y. 

Knickerbocker  Development  Corp.,  116 
Little  St,  Belleville  9,  N.  J. 

Lewyt  Corp.,  60  Broadway,  Brooklyn,  N.  Y. 
Lindsay  & Lindsay,  222  W.  Adams  St, 
Chicago  6,  111. 

Market  Forge  Co.,  Everett,  Mass. 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Metallic  Arts  Co.,  243  Broadway,  Cam- 
bridge, Mass. 

Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y. 

Mlcaw™0iucVi  Kf*4-Co  - 69  Wooster  St, 
New  York,  N.  Y. 

Mille£  C,°r-  Jaraes,  160  Exchange  St, 
Malden,  Mass. 

National  Co.,  61  Sherman  St,  Malden  48, 
Mass.  ’ 

National  Vulcanized  Fibre  Co.,  Maryland 
_T  AXe  < Wilmington,  Del. 

New  England  Etching  & Plating  Co.,  25 
nio QSprITr}P  Holyoke,  Mass. 

Olesen  Illuminating  Co.,  Ltd  Otto  K 
1560  Vine  St.,  Hollywood  28,  CaUf.  ’ 

y New  YSrk&7MN  Y°  ’ 37  Cbambers  St, 

^ LongSaS^T.  'Y32162  49ttl  St" 

Penn  Fibre  & Specialty  Co.,  $030  E West. 

moreland  St.,  Philadelphia  34,  Pa 
Plastic  Fabr.cators  Co.,  440  Sansome  St, 
San  Francisco  11,  Calif. 

P ConnManUfaCtUrerS’  Inc”  Stamford, 

POrtBmoWyn  6roNUt^’  121  7aSrabam  St. 

PrerljeL  ¥etal  Etching  Co.,  21-03  44th 
,,AYe'.  Long  Island  City,  N.  Y 

chi<lgovln'  Li°  West  Schubm  Ave- 

nerrX„°0lb.2^a!,fBryant  St-  Sa" 
Richardson  Co.,  Melrose  Park,  II] 

361  N°rtb  Crawford, 
Scientific  Radio  Products  Co.,  738  W 

SnnYm0MfWayri  C°^Cl1  Bluffs-  Iowa. 

91,  Conn  ’ 99  M111  SL'  Waterbary 
Screenmakers,  64  Fulton  St„  New  York, 

ShCrB°rooikl^an6C  N°r^  1201  Flashing  Ave„ 
StoaltEnglueerlng^^Mfg  Co„  ,54  West 

YC':  33  Lafa>-»«« 

Simeon  Mfg.  CerkMarkv  188  West  Fourth 
Sl°' New  York  RiVCr  R°ad-  Port  Jorvls. 

fnMtdnk°to&nTs\!:V&nafo0r?S  *fi?« 

SPaUS?‘n|oni^ndCa“-'NInY'  310  Wheeler 
Stamwayd  NewalY!?kCialtyNCY'  428  Br0ad' 

^“"l^ng^eTir'S6'00'’  89  *-««*  «- 

S‘“„  KSSfLSfeh*"  Boulevard 

S,0krtsRUTbrbee„rt?u°  NJ0S-'  Tay,°r  * Waba^ 
Svracuse^rnamenta1  Co.,  581  So.  Clinton 

Temptetone  Radio  Mfg,  Corp.,  New  Lon- 
TlnBcago,CinP  ' 1461  W-  °rana  a™-.  Chi- 


Tork  Clock  Co.,  1 Grove  St,  Mt  Vernon, 
N.  Y. 

Trebor  Radio  Co.,  Pasadena,  Calif. 

Tri-United  Plastics  Corp.,  390  Nye  Ave., 
Irvington,  N.  J. 

Union  Aircraft  Products  Corp.,  380  Second 
Ave.,  New  York,  N.  Y. 

Victory  Manufacturing  Co.,  1722  W.  Ar- 
cade PI.,  Chicago  12,  111. 

Wallace  Mfg.  Co.,  Wm.  T.,  Chili  & Madison 
Aves.,  Peru,  Indiana 

Waters  Conley  Co.,  501  First  St,  N.  W., 
Rochester,  Minn. 

Watterson  Radio  Mfg.  Co.,  P.  0.  Box  54, 
Dallas  1,  Texas 

Wells-Gardner  & Co.,  2701  N.  Kildare  Ave.. 
Chicago,  111. 

Wilcox  Electric  Co.,  1400  Chestnut  St, 
Kansas  City,  Mo. 

Wilcox  Gay  Corp.,  Charlotte,  Michigan 

Willor  Mfg.  Co.,  794  East  140th  St,  New 
York  54,  N.  Y. 

Winters'  & Crampton  Corp.,  150  Wilson 
Ave.,  Grandville,  Michigan 

Wurlltzer  Mfg.  Co.,  Rudolph,  North  Tona- 
wanda,  N.  Y. 

Wyse  Laboratories,  211  S.  Ludlow  St, 
Dayton  2,  Ohio 


Cable . 


see  also  Wire 


w 
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COAXIAL  CABLE 

Aircraft  Products  Co.,  3502  E.  Pontiac  St, 
Fort  Wayne,  Ind. 

American  Phenolic  Corp.,  1830  S.  54th 
Ave.,  Chicago  50,  111. 

American  Steel  & Wire  Co.,  Rockefeller 
Bldg.,  Cleveland  13,  Ohio 

Anaconda  Wire  & Cable  Co.,  25  Broad- 
way, New  York  4,  N.  Y. 

Andrew  Co.,  363  East  75th  St.,  Chicago  19 

111. 

Belden  Mfg.  Co.,  4647  W.  Van  Buren  St, 
Chicago  44,  111. 

Boston  Insulated  Wire  & Cable  Co.,  61 
Bay  St  (Dorchester),  Boston,  Mass. 

Brach  Mfg.  Corp..  L.  S.,  65  Dickerson 
St,  Newark,  N.  J. 

Columbia  Electronics,  Inc.,  185  East  122nd 
St,  New  York  35,  N.  Y. 

Communication  Products  Co.,  Inc.,  34 
Bergen  Ave.,  Jersey  City  5,  N.  J. 

Doolittle  Radio.  Inc.,  7421  S.  Loomi 
Blvd.,  Chicago,  111. 

Eby,  Inc.,  Hugh  H.,  18  W.  Chelton  Ave 
Philadelphia  13,  Pa. 

Federal  Telephone  & Radio  Corp.,  591 
Broad  St.  Newark,  N.  J. 

Gates  Radio  Co.,  220  Hampshire  St,  Quin- 
cy, 111. 

General  Cable  Corp.,  420  Lexington  Ave., 
New  York,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  i. 

General  Insulated  Wire  Corp.,  53  Park  PL, 
New  York,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Gits  Molding  Corp.,  4600  Huron  St,  Chi- 
cago, 111.  „ „ 

Isolantite,  Inc.,  343  Cortlandt  St,  Belle- 
ville 9,  N.  J. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Link,  Fred  M.,  125  W.  17th  St,  New  York, 
N.  Y. 

Northern  Communications  Mfg.  Co.,  210 
East  40th  St,  New  York,  N.  Y. 

Okonite  Co.,  Canal  St,  Passaic,  N.  J. 

Precision  Tube  Co.,  3828  Terrace  St. 
Philadelphia  28,  Pa.  . . 

Sherron  Electronics  Co.,  1201  Flushing 
Ave.,  Brooklyn  6,  N.  Y.  (test  equip- 
ment) 

Simplex  Wire  & Cable  Co.,  79  Sidney  St, 
Cambridge  39,  Mass.  _. . 

Small  Motors,  Inc.,  1322  Elston  Ave.,  Chi- 
cago 22,  111.  _ ._ 

Sperry  Gyroscope  Co.,  Manhattan  Bridge 
Plaza,  Brooklyn  1,  N.  Y. 

Uniform  Tubes,  Shurs  Lane  k Laurlston 
St.,  Roxborough,  Philadelphia,  Pa. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y.  . „ 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Whitney-Blake  Co.,  Dixwell  Ave., 

Haven,  Conn.  ... 

Whittaker-Cable  Corp.,  North  Kansas 
City,  Mo.  , 

Wood  Electric  Co.,  Inc.,  C.  D.,  826  Broad- 
way, New  York,  N.  Y. 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


Capacitors. 


fixed  capacitors 


Aerovox  Corp.,  710  Belleville  Ave.,  New 
Bedford,  Mass.  (Electrolytic,  Mica, 

Aircraft-Marine  Products,  Inc.,  1623  N. 

Fourth  St,  Harrisburg,  Pa. 

American  Condenser  Co.,  1110 

wood  Ave.,  Chicago,  111.  (Electrolytic, 
Paper) 

Atlas  Condenser  Products  Co  S18  W«t- 
Chester  Ave.,  Bronx,  N.  Y.  (Electro- 

Automatic  Electric  Co.,  yan 

Buren  St,  Chicago  7,  lU.  .(JaPer) 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa.  (Air,  Oil) 

Bud  Radio,  Inc.,  2118  E.  55th  St.,  Cleve- 
land 3,  Ohio  (Air)  „ , 

Capacltron  Co.,  849  No.  Kedzie  Ave.,  Chi- 

pprrQ  HI 

Cardwell  Mlfg.  Corp.,  Allen  D.,  81  Prospect 
St,  Brooklyn,  N.  Y. 

Centralab  Div.,  Globe  Union,  Inc.,  900 
E.  Keefe  Ave..  Milwaukee  1,  Wis. 
(Ceramic,  Mica) 

Condenser  Corp.  of  America,  1000  Hamil- 
ton Blvd.,  South  Plainfield,  N.  J. 
(Electrolytic,  Mick,  Oil.  Paper) 

Condenser  Products  Co.,  1275  N.  Branch 
St,  Chicago,  111.  (Electrolytic,  Oil, 
Paper) 

Continental  Carbon,  Inc.,  13900  Lorain 
Ave.,  Cleveland,  Ohio  (Paper) 
Cornell-Dubiller  Electric  Corp.,  1000  Ham- 
ilton Blvd.,  South  Plainfield,  N.  J. 
(Electrolytic,  Mica,  Oil-filled,  Motor- 
starting, Paper,  Air,  X-Ray,  etc.) 

Cosmic  Radio  Corp.,  699  E.  135th  St,  New 
York,  N.  Y.  „ , ^ 4 . 

Crowley  & Co.,  Inc.,  Henry  L.,  1 Central 
Ave.,  West  Orange,  N.  J. 

Deutschmann  Corp.,  Tobe,  Canton,  Mass. 
(Paper,  Mica,  Electrolytic,  Oil,  Cera- 
mic, Air,  etc.) 

Dumont  Electric  Co.,  34  Hubert  St.,  New 
York,  N.  Y.  (Electrolytic,  Mica,  OH, 
Paper)  ' 

Ecco  High  Frequency  Electric  Corp.,  7020 
Hudson  Blvd.,  North  Bergen,  N.  J. 
Eitel-McCullough,  Inc.,  San  Bruno,  Calif. 
(Vacuum) 

Electrical  Reactance  Corp.,  Franklin ville, 

N.  Y. 

Electro-Motive  Mfg.  Co.,  S.  Park  & John 
Sts.,  Willimantic,  Conn.  (Mica) 

Emerson  Radio  & Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y. 

Erie  Resistor  Corp.,  644  W.  12th  St.,  Erie 
Pa.  (Ceramic) 

Fast  & Co.,  John  E.,  3101  N.  Pulaski  Rd., 
Chicago  41,  111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
(Air  Trimmer,  Oil,  Paper,  Vacuum, 
Radio-Frequency  blocking  & by-pass, 
High-Frequency  Power  or  Plate) 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass.  (Air,  Mica, 
Paper) 

Glrard-Hopklns,  1000  40th  Ave.,  Oakland 
„ 1,  Calif.  (Oil,  Paper) 

Glenn  Roberts  Co.,  3100  East  Tenth  St., 

„ Oakland  1,  Calif. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Neb.  (Oil,  Paper) 

H.  R.  S.  Products,  5707  W.  Lake  St, 
Chicago,  111. 

Illinois  Condenser  Co.,  1160  N.  Howe  St., 

. Chicago,  111.  (Electrolytic,  Oil,  Paper) 
Industrial  Condenser  Corp.,  3243  North 
California  Ave..  Chicago  18,  111.  (Cera- 
mic,  Electrolytic,  Mica,  Oil,  Paper) 
Industrial  & Commercial  Electronics,  Bel- 
_ mont,  Calif. 

Jennings  Radio  Mfg.  Co.,  1098  E.  William 
_ , St,  San  Jose  12,  Calif.  (Vacuum) 
Johnson  Co.,  E.  F.,  Waseca,  Minn.  (Air, 
Oil) 

Kellogg  Switchboard  & Supply  Co.,  6650  S. 
Cicero  Ave.,  Chicago  38,  111.  (Oil  & 
Wax  filled,  Paper,  Oil,  Impregnated  & 
Wax  Impregnated) 

Lapp  Insulator  Co.,  31  Gilbert  St.,  Le  Roy, 
N.  Y.  (Ceramic)  _ 

Magnavox  Co.,  2131  Bueter  Rd.,  Fort 
Wayne  4,  Ind.  (Electrolytic) 

Mallory  & Co.,  Inc.,  P.  R.,  3029  E.  Wash- 
ington St.,  Indianapolis  6,  Ind.  (Elec- 
trolytic,  Paper) 

Mlcamold  Radio  Corp.,  1087  Flushing  Ave., 
Brooklyn  6,  N.  Y.  (Ceramic,  Electro- 
„ lytic,  Mica,  Oil,  Paper) 

Muter  Co.,  1255  S.  Michigan  Ave.,  Chicago, 
I1L  (Ceramic) 


National  Union  Radio  Corp.,  15  Washing- 
ton St.,  Newark  2,  N.  J. 

Noma  Electric  Corp.,  55  West  13th  St, 
New  York  11,  N.  Y (Mica) 

Philmore  Mfg.  Co.,  113  University  PI.,  New 
YorC  N.  Y. 

Polymet  Condenser  Co.,  699  East  135th  St., 

Potter^Co.,  I960  Sheridan  Rd.,  North  Chi- 
cago, 111.  (Oil,  Paper) 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J.  (Mica,  Oil,  Paper) 

Rothenstein,  Albert,  135  Liberty  St,  New 
York  N.  Y. 

Sangamo'  Electric  Co.,  Springfield,  I1L 
(Mica,  Ceramic,  Paper) 

Scientific  Electric  Div.  of  "S”  Corrugated 
Quenched  Gap  Co.,  Ill  Monroe  St, 

SIcklesrCo!,dF.‘  W.,'  165  Front  St.,  Chicopee, 
Mass.  (Mica,  Sliver,  Mica) 


^inica, 

Solar  Mfg.  Corp.,  285  Madison  Ave.,  New 
York  17,  N.  Y.  (Ceramic,  Electrolytic, 
Mica,  Oil,  Paper) 

Sprague  Electric  Co.,  189  Beaver  St, 
North  Adams,  Mass.  (Electrolytic, 
Mica,  Oil,  Paper) 

Stackpole  Carbon  Co.,  St.  Marys,  Pa. 
Teleradio  Engineering  Corp.,  99  Wall  St, 
New  York  5,  N.  Y.  (Mica) 

Tungsten  Contact  Mfg.  Co.,  North  Bergen, 

Western  Electric  Co.  ^nc.,  120  Broadway, 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa.  (Oil,  Paper)  

Winters  & Crampton  Corp.,  150  Wilson 
Ave.,  Grand  ville,  Michigan 

COMPRESSED  GAS  CAPACITORS 

Barker  ft  Williamson,  235  Fairfield  Ave., 

GoodaUPBlectarlcyMfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nehr. 

Johnson  Co.,  E.  F.,  WMeca,  Minn 
Lapp  Insulator  Co.,  31  Gilbert  St,  Lie 
Roy,  N.  Y. 

VARIABLE  RECEIVER  TUNING 
CAPACITORS 

American  Steel  Package  Co.,  Squire  Ave.. 

Barke r H&n\V 1 1 fiamson , 235  Fairfield  Ave., 

Bud^PdToDIncb,y'2na8  E.  65th  St,  Cleve- 

Cardwefl  Mfg'con)-,  Allen  D„  81  Pros- 
pect St.,  Brooklyn,  N.  Y. 

Federal  Mfg.  ft  Engrg.  Corp.,  199-217 

FootSelepUSnStiBC000S"  75  Hudson  St, 

Gene?alWEtect4rI?Co'.,  Schenectady  5,  N Y. 

GenTv1e.,1?fflSt3.S?rpi.;  *”  “ 

HalsRiad  Traffic  Communications  Corp., 
“ 155  East  84th  St.,  New  York  N Y 

Hammarlund  Mfg.  Co  Inc.,  460  W.  34  St, 

New  York  1,  N.  Y.  q will  st. 

Hoffman  Radio  Corp.,  3430  S.  Hill  St, 
Los  Angeles  7,  Calif. 

Insuline  Corp.  of  America,  36-02  35tn 
Ave.,  Long  Wand  City,  N.  Y. 

Kaar^Engine^rlng  CoTfH  Emerson  St, 

Meissni?  Mfg.  Wv.j  Maguire  Industries, 

MlllenCMffrtCo.?  James,  i50  Exchange  St, 

Nati“a\dCo.,IIn“?'61  Sherman  St,  Malden, 

Oak4Mfg’aco.,  1260  Clybourn  Ave.,  Chi- 

Phll“?°  mVc'o.,  H3  University  Pi.,  New 

Radio  Condenser  Co.,  Gamden,  N ■ ‘I’  . 
Standard  Coil  Products  Co  2329  N. 

Pulaski  Rd.,  Chicago  18,  111.  w„ 
Winters  ft  Crampton  Corp.,  150  Wilson 
Ave.,  Grandville,  Mich. 

VARIABLE  TRANSMITTER  TUNING 
CAPACITORS 

Barker  ft  Williamson,  236  Fairfield  Ave., 

Bud  RPPd?o,DIncby'2m  E.  66th  St,  Clave- 

CardweU  M^cSrp.  Allen  D„  81  Prospect 

Collins'  H°dr?o.N8£-35th  St,  N.  E., 
Cedar  Rapids,  Iowa 


Federal  Manufacturing  & Engrg.  Corp., 
199-217  Steuben  St.,  Brooklyn  5,  N.  Y. 
Foote  Pierson  & Co.  Inc.,  75  Hudson  St., 
Newark  4,  N.  J.  _ __  __ 

General  Electric  Co.,  Schenectady  o,  N.  Y. 
General  Instrument  Corp.,  829  Newark 
Ave.,  Elizabeth  3,  N.  J. 

Hammarlund  Mfg.  Co.,  Inc.,  460  W.  34th 
St.,  New  York  1,  N.  Y. 

Insuline  Corp.  of  America,  36-02  35th  Ave., 
Dong  Island  City,  N.  Y.  _ 
Jennings  Radio  Mfg.  Co.,  1098  E.  William 
St,  San  Jose  12,  Calif. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Kaar  Engineering  Co.,  619  Emerson  St, 
Palo  Alto,  Calif.  ^ _ 

Lapp  Insulator  Co.,  31  Gilbert  St,  LeRoy, 

N.  Y. 

Litton’  Engineering  Labs.,  P.  O.  Box  749, 
Redwood  City,  Calif.  , 

Millen  Mfg.  Co.,  James,  150  Exchange 
St,  Malden,  Mass. 

National  Co.,  Inc.,  61  Sherman  St,  Mal- 
den 48,  Mass. 

Oak  Mfg.  Co.,  1260  Clybourn  Ave.,  Chi- 

Standanl  Coil  Products  Co.,  2329  N.  Pu- 
laski Rd.,  Chicago  18,  111. 

Wilcox  Electric  Co.,  1400  Chestnut  St, 

Kansas  City,  Mo.  

Winters  & Crampton  Corp.,  150  Wilson 
Ave.,  Grandville,  Mich. 

VARIABLE  TRIMMER  CAPACITORS 

American  Steel  Package  Co.,  Squire  Ave., 
Defiance,  Ohio  _ ^ 

Automatic  Mfg.  Co.,  900  Passaic  Ave., 

East  Newark,  N.  J. 

Barker  & Williamson,  235  Fairfield  Ave., 

BudU&DInty21P18  E.  55th  St.  CM» 

Cardwefl  Mfgh*Corp.,  Allen  D.,  81  Proa- 
pect  St.,  Brooklyn,  N.  Y. 

Centralab  Div.,  Globe  Union,  Inc.,  900  E. 

Keefe  Ave.,  Milwaukee  1,  Wis. 

Comar  Electric  Co.,  3150  N.  Washtenaw 
Ave.,  Chicago  28,  111. 

D X Crystal  Co.,  1200  N.  Claremont  Ave., 

ElectroiC^lotive  Mfg.  Co.,  Willimantic, 

Erie  ^Resistor  Corp.,  644  W.  12  th  St,  Erie, 
Pa. 

Foote  Pierson  ft  Co.  Inc.,  75  Hudson  St, 
Newark  4,  N,  J. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Guthman,  Inc.,  E.  I.,  15  S.  Throop  St, 

Hammarlund  Mfg.  Co.,  Inc.,  460  W.  34  St, 
New  York  1,  N.  Y. 

Insuline  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y. 

^rtteVg'C^Tlt  Emerson  St, 

Leedsa&°Northrup  Co.,  4970  Stenton  Ave., 

Melssnera<M14hlaD4v.’,  ^lagulre  Industries, 
Inc.  Mt.  Carmel,  111. 

Millen  Mfg.  Co.,  James,  150  Exchange  St, 

Muter*^!'’  $Ts.  Michigan  Ave.,  Cht- 

Natlonal  Co.,  Inc.,  61  Sherman  St,  Malden, 

Oak  4»ffg^aco.,  1260  Clybourn  Ave.,  Chi- 

Philrrure  Mfg.  Co.,  113  University  PI., 

Sickles  CoT°Fk’w,'  165  Front  St,  Chicopee, 

Stan&Coil  Products  Co  , 2329  N.  Pul- 

TeleradloKEnglneeHng  Corp.,  99  Wall  St., 
New  York  5,  N.  Y. 


Cells. 


PHOTO-ELECTRIC  CELLS 

see  Tube,  (Phototubes  ft  Cells) 


Cements. 


RADIO  CEMENTS 

Alden  Products  Co.,  117  North  Main  St, 
Brockton. 64,  Mass. 
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Ambroid  Co.,  305  Franklin  St.,  Boston  10, 


American  Products  Mfg.  Co.,  8127  Olean- 
der St.,  New  Orleans,  La. 

Bakelite  Corp.,  30  E.  42nd  St.,  New  York 
17,  N.  Y. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Crowley  & Co.,  Inc.,  Henry  L.,  1 Central 
Ave..  West  Orange,  N.  J. 

D X Crystal  Co.,  1200  N.  Claremont  Ave., 
Chicago  22,  111. 

General  Cement  Mfg.  Co.,  919  Taylor 
Ave..  Rockford,  111. 

General  Electric  Co.,  Bridgeport,  Conn. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nebr. 

Haynes  Laboratories,  Inc.,  C.  W.,  61 
Chandler  St.,  Springfield,  Mass. 

Howe  & French,  Inc..  99  Broad  St..  Bos- 
ton 10,  Mass. 

Linicky  & Co.,  Leslie  L.,  29  E.  Madison 
St,  Chicago,  111. 

Maas  & Waldstein  Co.,  438  Riverside  Ave., 
Newark.  N.  J. 

Paisley  Products.  Inc..  1770  Canalport 
Ave..  Chicago  16.  111. 

Plax  Corp.,  133  Walnut  St,  Hartford  5, 
Conn. 

Schott  Co.,  Walter  U,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Cal. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burg, Pa. 

Zapon  Div.  Atlas  Powder  Co.,  Ludlow  St, 
Stamford,  Conn. 

Zophar  Mills.  Inc.,  112  26th  St.,  Brooklyn' 
32,  N.  Y. 


Ceramics . 


•ee  Insulation 


Chambers,  Test . 


Garod  Radio  Corp.,  70  Washington  St, 
Brooklyn,  N.  Y. 

Garrard  Sales  Corp.,  401  Broadway,  New 
York  13,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Industries  Co.,  Taylor  & Olive 
Sts.,  Elyria,  Ohio 

General  Instrument  Corp.,  829  Newark 
Ave.,  Elizabeth  3,  N.  J. 

International  Detrola  Corp.,  Beard  at 
Chatfleld,  L>etroit,  Mich. 

Magnavox  Co.,  The,  2131  Bueter  Road, 
Fort  Wayne  4,  Ind. 

Maguire  Industries,  Inc.,  Electronics  Dept, 
Bridgeport,  Conn. 

Milwaukee  Stamping  Co.,  824  S.  72nd  St., 
Milwaukee,  Wise. 

National  Diecasting  Co.,  3601  W.  Touhy 
St.,  Newark,  N.  J. 

Oak  Mfg.  Co..  1260  Clybourn  Ave.,  Chi- 
cago 10,  111. 

Philco  Corp.,  Tioga  & C Sts.,  Philadelphia 
3,  Pa. 

Precise  Development  Parts,  28  N.  Loomis 
St.,  Chicago,  111. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Record-O-Vox.  Inc.,  721  N.  Martel  Ave., 
Hollywood  46,  Calif. 

Seeburg  Corp.,  J.  P.,  1510  N.  Dayton  St, 
Chicago,  111. 

Sparkes  Mfg.  Co.,  318  Jefferson  St.,  New- 
ark j 

Talking’ Devices  Co.,  4447  W.  Irving  Park 
Rd„  Chicago,  111. 

Trav-Ler  Karenola  Radio  & Television 
Corp.,  1028  W.  Van  Buren  St.,  Chi- 
cago, 111. 

Webster  Chicago  Corp.,  Electronics  Div., 
3825  Armltage  Ave.,  Chicago  47,  111. 

Wilcox  Gay  Corp.,  Charlotte,  Mich. 

Wurlitzer  Mfg.  Co.,  Rudolph,  North  Tona- 
wanda,  N.  Y. 


Changers,  Frequency- 

see  Vibrators 


humidity,  pressure,  temperature  Chassis 


American  Instrument  Co..  8030  Georgia 
Ave.,  Silver  Springs,  Md. 

Bowser,  Inc.,  Mobile  Refrigeration  Div., 
38-32  54th  St,  Woodside,  Long  Island, 
N.  l. 

Deepfreeze  Division.  Motor  Products 
Corp.,  2301  Davis  St,  N.  Chicago, 

Distillation  Products.  Inc.,  755  Ridge  Rd 
W.,  Rochester,  N.  Y. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
at,  Ogallala,  Nebr. 

Industrial  Filter  & Pump  Mfg.  Co..  1621- 

...  Carroll  Ave.,  Chicago,  111. 

Xold-Hold  Mfg.  Co.,  446  North  Grand 

...  Ave.,  Lansing,  Mich. 

Northern  Laboratories  Ltd.,  3-01 27th 

„ .,Av<s.,  Long  Island  City,  N.  Y. 

Radio  Corp,  of  America,  RCA  Victor  Div 
Camden,  N.  J. 

Revco  Inc.,  Deerfield,  Mich. 

Sparfei.MfK-  C°'4  Lta  > 318  Jefferson  St., 
Newark,  N.  J. 

Technical  Products  Co.,  158  Madison  at 
Third  St,  Memphis,  Tenn. 

Tenney  Engineering,  Inc..  24-28  Avenue  B, 
Newark,  N.  J. 

Thwing  Aibert  Instrument  Co.,  Penn  St 

A,r  &»?Vla7,kI  Ave*  Philadelphia  44,  Pa. 

V augh  Labs.,  Div.  of  Waugh  Equipment 

17*  ’ N 2 Y LexIng'ton  Ave-  New  York 

Young' Bros.  Co.,  6500  Mack  Ave.,  Detroit, 
Mich. 


■ee  Cabinets 


Chokes. 


Changers. 


AUTOMATIC  BE  CORD  CHANGERS 

Admiral  Corp.,  3800  W.  Cortland  St,  Chi- 
cago 47,  111. 

Andrea  Radio  Corp.,  43-20  34th  St.,  Long 
Island  City,  N.  Y. 

Chicago  Sound  Systems  Co.,  2124  S.  Mich- 
igan Avenue,  Chicago,  111. 

Eastern  Electronics  Corp.,  41  Chestnut 
St,  New  Haven  11,  Conn. 

Farnsworth  Television  & Radio  Corp., 
3702  Pontiac  St.,  Fort  Wayne,  Ind. 

Galvin  Mfg.  Corp.,  4545  W.. Augusta  Blvd., 
Chicago  51,  111. 


D-8 


POWER  and  AUDIO  CHOKES 

Advance  Transformer  Co.,  14  N.  May  St, 
Chicago,  111. 

Airdesign  & Fabrication,  Inc.,  241  Fair- 
field  Ave.,  Upper  Darby,  Pa. 

Altec  Lansing  Coro.,  1680  N.  Vine  St., 
Los  Angeles  28,  Calif. 

American  Communications  Corp.,  306 
Broadway,  New  York,  N.  Y. 

American  Transformer  Co.,  178  Emmett 
St.,  Newark,  N.  J. 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Aray  Mfg.  & Supply  Co.,  Inc.,  3107  Pine 
St,  St.  Louis  3,  Mo. 

Audio  Development  Co.,  2833-13th  Ave  S., 
Minneapolis  7,  Minn. 

Automatic  Winding  Co.,  900  Tassaic  Ave., 
E.  Newark,  N.  J. 

Best  Mfg.  Co..  Inc.,  1200  Grove  St.,  Irv- 
ington 1,  N.  J. 

Chicago  Transformer  Div.,  Essex  Wire 
18^  I1L  W.  Addison  St,  Chicago 

Coto-Coil  Company,  Inc.,  65  Pavilion  Ave 
Providence,  R.  I. 

Davis  & Co.,  Inc.,  Dean  W.,  Kentland, 
Ind. 

Dinlon  Coil  Co..  Inc.,  1 North  St,  Cale- 
donia,  N.  V. 

Dongan  Electric  Mfg.  Co.,  2987  Franklin 
Street,  Detroit  Mich. 

DX  Crystal  Co  , 1200  N.  Claremont  Ave., 
Chicago,  111. 

Eastern  Electronics  Corp.,  41  Chestnut  St 
New  Haven,  Conn. 

Electricoll  Transformer  Co..  421  Canal 
St,  New  York  13.  N.  Y. 

Electronic  Engineering  Co.,  3223  West  Ar- 
mitage  Ave.,  Chicago.  I1L 

Electronic  Transformer  Co.,  207  W 25th 
St.  New'  York,  N.  Y. 

CCh&r40dl?l1  C°"  6031  BrORdWay’ 

JSssex  Electronics,  1060  Broad  St„  Newark 
2,  N.  J. 


Federal  Instrument  Co.,  3931-47th  Ave., 
Long  Island  City  4,  N.  Y. 

Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Foster  Co.,  A.  P.,  719  Wyoming  Ave.,  Lock- 
land  15,  Ohio 

Franklin  Transformer,  65  22nd  Ave.  N.E., 
Minneapolis  13,  Minn. 

Freed  Transformer  Co.,  72  Spring  St, 
New  York  12,  N.  Y. 

Gardner  Electric  Mfg.  Co.,  4227  Hollis 
St,  Emeryville  8,  Calif. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Transformer  Corp.,  1250  W.  Van 
Buren  St.,  Chicago  7,  111. 

Glenn  Roberts  Co.,  3100  East  Tenth  St, 
Oakland  1,  Calif. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Neb. 

Gramer  Co.,  2734  N.  Pulaski  Rd.,  Chicago, 
39,  I1L 

Guided  Radio  Corp.,  161  Sixth  Ave.,  New 
York  13,  N.  Y. 

Hadley  Co.,  Robert  M.,  711  E.  61st  St, 
Los  AngeleSj  Calif. 

Halldorson  Co.,  The,  4500  Ravenswood 
Ave.,  Chicago  28,  I1L 
Hardwick,  Hindle,  Inc.,  40  Hermon  St, 
Newark.  N.  J. 

Hercules  Electric  & Mfg.  Co.,  Inc.,  2500 
Atlantic  Ave.,  Brooklyn  7,  N.  Y. 
Hollywood  Transformer  Co.,  645  N.  Martel 
Ave.,  Los  Angeles  36,  Cal. 

Hudson  American  Corp.,  25  W.  43rd  St, 
New  York,  N.  Y. 

Industrial  Transformer  Corp.,  2540  Bel- 
mont Ave.,  New  York,  N.  Y. 
Insuline  Corp.  of  America,  36-20  35th 
Ave.,  Long  Island  City,  N.  Y. 
International  Transformer  Co.,  396  Broad- 
way, New’  York,  N.  Y. 

Jefferson  Electric  Co.,  Bell  wood,  I1L 
Kenyon  Transformer  Co.,  840  Barry  St, 
New  York  59,  N.  Y. 

Langevin  Co.,  Inc.,  37  W.  65th  St,  New 
York,  N.  Y. 

Lectrohm,  Inc.,  5125  W.  25th  St,  Cicero, 
50,  111. 

Madison  Electrical  Products  Corp.,  Madi- 
son, N.  J. 

Magnetic  Windings  Co.,  Div.  Essex  Wire 
Corp.,  416  South  16th  St.,  Easton,  Pa 
Maico  Co.,  Inc.,  25  North  3rd  St.,  Minne- 
apolis, Minn. 

Merit  Coil  & Transformer  Corp.,  4427  N. 

Clark  St,  Chicago  40,  111. 

Muter  Co.,  1255  S.  Michigan  Ave.,  Chi- 
cago, 111. 

National  Co.,  Inc.,  61  Sherman  St,  Mal- 
den 48,  Mass. 

New  Y'ork  Transformer  Co.,  26  Waverly 
Place,  New  York  3,  N.  Y. 

Northern  Communications  Mfg.  Co.,  21*» 
East  40th  St.,  New  York,  N.  Y. 
Peerless  Electrical  Products  Co.,  6920  Me- 
Klnley  Ave.,  Los  Angeles  1,  Calif. 
Philmore  Mfg.  Co.,  113  University  PL. 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radionic  Controls,  3758  Belmont  Ave., 
Chicago  18,  I1L  „ 0 

Radionic  Transformer  Co.,  411  S.  Sanga 
mon  St,  Chicago,  111.  , 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal 
tham,  Mass.  „ 

Red  Arrow  Electric  Corp.,  100  Colt  St, 
Irvington,  N.  J.  ... 

Rola  Co.,  Inc..  2630  Superior  Ave..  Cle\e 
land,  Ohio  . , 

S-W  Inductor  Co.,  1066  N.  Wood  SL,  CM 

Smittfllfg.  Co.,  Nathan  R.,  106  Pasadena 
Ave.,  South  Pasadena,  Calif. 
Sorensen  & Co.,  375  Fairfield  Ave.,  Stam- 
ford. Conn.  Tjai 

Standard  Transformer  Corp.,  1500  N.  Ha  * 
stead  St.,  Chicago,  111.  c 

Super  Electric  Products  Corp.,  1057  Sum 
mit  Ave.,  Jersey  City,  N.  J. 

Telex  Products  Co.,  Telex  Park,  Minne 
apolis  1.  Minn. 

Thermador  Elec.  Mfg.  Co.,  5119  S.  Rl'e 
side  Drive,  Los  Angeles  22,  Cam- 
Thordarson  Electric  Mfg.  JDIw,  Magul 
Industries,  Inc.,  500  W.  Huron  St.. 
Chicago  10,  111.  , _ r,  e* 

Transformer  Products,  Inc.,  143  W.  51  & • 
Ww  Vnrlt  N Y 

United  Transformer  Corp.,  150  Varick  St- 
New  York  IS,  N.  Y. 

Utah  Radio  Products  Co.,  820  Orleans  St. 

Chicago,  I1L  - . 

Walsh  Engineering  Co.,  34  DeHart  r 
Elizabeth,  N.  J.  _ . 

Westinghouse  Electric  Corp-.  East  v 
burgh,  Pa. 
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Wheeler  Insulated  Wire  Co.,  Ine.,  3i8 
Washington  Ave.,  Bridgeport,  Conm 
Wyse  Laboratories,  211  S.  Ludlow  St., 
Dayton  2,  Ohio 

B.  F.  and  I.  F.  CHOKES 

Aladdin  Radio  Industries,  Inc.,  501  W. 

35th  St.,  Chicago  16,  111. 

Albion  Coil  Co.,  Albion,  111. 

Automatic  Winding  Co.,  900  Passaic  Ave., 

E.  Newark,  N.  J.  _ , . , 

Barker  & W'illiamson,  236  Fairfield  Ave., 
Upper  Darby,  Pa. 

Best  Mfg.  Co.  Inc.,  1200  Grove  St.,  Irvlng- 

Brldgeport" Mfg.  Co.,  Bridgeport,  111. 

Bud  Radio.  Inc.,  2118  E.  55th  St.,  Cleve- 
land 3,  Ohio  m t 

Burnett  Radio  Lab.,  Wm.  W.  L.,  4814 
Idaho  St,  San  Diego,  Calif. 

Control  Corp.,  600  Stinson  Blvd.,  Minne- 
apolls,  Minn. 

Coto-Coil  Company  Inc.,  65  Pavilion  Ave., 
Providence,  R.  L 

DX  Crystal  Co.,  1200  N.  Claremont  Ave., 
Chicago  22,  111.  , 

Eastern  Electronics  Corp.,  41  Chestnut 
St.,  New  Haven,  Conn. 

Electricoll  Transformer  Co  421  Canal 
St,  New  York  13,  N.  Y.  _ 

Electronic  Products  Mfg.  Co.,  7300  Huron 
River  Drive,  Dexter,  Michigan 
Electronic  Winding  Co.,  5031  Broadway 
Chicago  40,  111. 

Erwood  Co.,  223  W.  Erie  St.,  Chicago.  111. 
Essex  Electronics,  1060  Broad  St.,  New- 
ark 2,  N.  J.  . , , _ 

Fast  & Co.,  John  E.,  3101  N.  Pulaski  Road, 
Chicago  41,  111. 

Federal  Instrument  Co.,  3931  47th  Ave., 
Long  Island  City  4,  N.  Y. 

Ferranti  Electric  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Gardner  Electric  Mfg.  Co.,  4227  Hollis  St, 
Emeryville  8,  Calif. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

General  Winding  Co.,  420  West  45th  St, 
New  York,  N.  Y. 

Gold  Shield  Products,  25  W.  Broadway, 
New  York  7.  N.  Y. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nebr. 

Guthman  & Co.,  E.  I.,  15  S.  Throop  St., 

Chicago,  111.  

Hammarlund  Mfg.  Co.,  Inc.,  460  W.  34th 
St,  New  York  1,  N.  Y. 

Hercules  Electric  & Mfg.  Co.,  Inc.,  2500 
Atlantic  Ave.,  Brooklyn  7,  N.  Y. 

Hudson  American  Corp.,  25  W.  43rd  St, 
New  York,  N.  Y. 

Insuline  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Lectrohm.  Tnc.,  5125  W.  25th  St,  Cicero, 
60,  111. 

Lenoxite  Div  Lenox  Inc.,  66  Prlncte  St, 
Trenton  5,  N.  J.  w 

Madison  Electrical  Products  Corp.,  Madi- 
, son,  N.  J.  . 

Meissner  Mfg,  Div.,  Maguire  Industries 
Inc.,  Mt.  Carmel,  111.  _ 

Millen  Mfg.  Co.,  James,  150  Exchange  St., 
Malden,  Mass. 

Miller  Co.,  J.  W.,  5917  S.  Main  St.,  Los 
Angeles,  Cal. 

Muter  Company,  1255  S.  Michigan  Ave.. 
Chicago,  111. 

National  Co.,  Inc.,  61  Sherman  St,  Mal- 
den  48,  Mass. 

Ohmite  Mfg.  Co.,  4835  W.  Flournoy  St.. 
Chicago  44,  111. 

Philmore  Mfg.  Co.,  113  University  PI.. 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radionic  Transformer  Co.,  411  S.  Sang- 
amon  St,  Chicago,  Til. 

Rlchardson-Allen  Corp..  15  West  20th  St, 
New  York  11,  N.  Y. 

Inductor  Co.,  1056  N.  Wood  St,  Chi- 
cago,  111. 

Sickles  Co..  F.  W..  165  Front  St,  Chic- 
opee.  Mass. 

Small  Motors,  Inc.,  1322  Elston  Ave.,  Chi- 
0 °ago  22,  111.  _ 

Sonora  Radio  & Television  Corp.,  2626  W. 

Washington  St.,  Chicago  28,  111. 

Sound  Equipment  Corp.,  of  California.  3903 
San  Fernando  Road,  Glendale  4, 
„ Calif. 

Standard  Coil  Products  Co..  2329  N.  Pul- 
aski  Rd„  Chicago  18,  111. 

Stanwyck  Winding  Co..  102  S.  Lander  St., 
Newburgh,  N.  Y. 


Super  Electric  Products  Corp.,  1057  Sum- 
mit Ave.,  Jersey  City,  N.  J. 

Teleradio  Engineering  Corp.,  99  Wall  bt., 
New  York  5,  N.  Y. 

Wyse  Laboratories,  211  S.  Ludlow  St, 
Dayton  2,  Ohio 


Clips  & Clamps 

TEST  & TUBE  CLIPS  AND  CLAMPS 

Aircraft-Marine  Prods.  Inc.,  1523  North 
Fourth  St,  Harrisburg,  Pa. 

Alden  Products  Co.,  117  North  Main  St., 
Brockton  64,  Mass. 

American  Phenolic  Corp.,  1830  S.  54th 
Ave.,  Chicago  50,  111. 

American  Radio  Hardware  Co  . Inc.,  To2 
MacQuesten  Pkway.  S.,  Mt.  Vernon, 
N Y 

BIrnbach  Radio  Co.  Inc.,  145  Hudson  St, 
New  York,  N.  Y. 

Birtcher  Corp.,  5087  Huntington  Drive, 
Los  Angeles  32,  Calif. 

Bud  Radio,  Inc.,  2118  E.  65th  St..  Cleve- 
land 3,  Ohio 

Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St..  Waterbury  91,  Conn. 

Dante  Electric  Mfg.  Co.,  Bantam,  Conn. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford.  111.  „ „„„  _ 

General  Communication  Co.,  530  common- 
wealth Ave.,  Boston  15,  Mass. 

Insuline  Corp.  of  America,  36-02  3oth  Ave., 
Long  Island  City,  N.  Y. 

Johnson  Co..  E.  F.,  Waseca,  Minn. 

Jones,  Howard  B.,  2460  W.  George  St, 

Kell<wCSw’i tchfioard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 

Kulka  Electric  Mfg.  Co..  Inc.,  30  South 
St..  Mt.  Vernon,  N.  Y. 

Millen  Mfg.  Co.,  James.  150  Exchange  St., 
Malden,  Mass.  

Morse  Co..  Frank  W„  301  Congress  St., 
Boston  10,  Mass.  . 

Mueller  Electric  Co.,  lo83  E.  31st  St., 
Cleveland  14,  Ohio 

National  Co..  Inc.,  61  Sherman  St.,  Mal- 

Penn-lTnlon  Electric  Corp.,  315  State  St., 
p*r|e 

Philmore  Mfg.  Co.,^113  University  PI.. 

Reliable  Spring  ft wire  Forms  Co..  3167 
Fulton  Road,  Cleveland  9.  Ohio 

Standard  Electric  Time  Co.,  89  Logan  St., 

ThompsonngCo^.,1Gaea'  S.,  5240  Huntington 
Drive,  Los  Angeles  32,  Calif. 

United-Carr  Fastener  Corp.,  31  Ames  bt., 
Cambridge  42,  Mass.  R , 

Wood  Electric  Co.,  Inc.,  C.  D..  826  Broad 
vi* o v y piv  York  3,  N.  Y. 

Zierick  Mfg.  Corp.,  385  Gerard  Ave..  New 
York,  N.  Y. 


Colli. 


POWER  cmd  A.  F.  COILS  and  WINDINGS 

Advance  Transformer  Co.,  14  N.  May  St„ 
Alrdeslgn  ^Fabrication,  Inc..  241  Fairfield 
Aladd In'  RadP|o%ndustries.  Inc.,  501  West 

Altec  Lansing  Consul 680' N.  Vine  St,  Dos 
American  transformer  Co.,  178  Emmett 
Amplifier* Co* of  America,  396  Broadway. 
Anac^nda^ire  & Cable^  Co..  25  Broad- 
Automat'lc  Mfg.  Carp..'  9'o'o  Passaic  Ave., 
Barker  s'ivnitarason,  235  Fairfield  Ave., 
BestlMfg.rCaR  Inc.,  1200  Grove  St..  Irvlng- 
Bittennann^ Electric  Co..  50  Henry  St, 
Bud  Radfo^ncN,'  2118  E.  55th  St..  Cleve- 
rarrrdMfg°hCo.,  415  S.  Aberdeen  St. 
CommunfcSt'ior . Parts.  1101  N.  Paulina  St., 
Coto-Co?ia Company,*  Inc.,  65  Pavilion  Ave.. 
ronDor;’corpC.e'600  siinson  Blvd.,  Mlnne- 

nanoaPElcctr,cCo..  98  Main  St.,  Wlnsted, 
Conn. 


Davis  & Co.,  Dean  W.,  Kentland  lnd 
DInlon  Coil^COj  Inc.,  1 North  St,  Cale- 

DX  CrystaMlo.,'  1200  N.  Claremont  Ave., 

Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

Electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio 
Electrical  Specialty  Co.,  2304  Washington 
St.,  Boston,  Mass. 

Electricoll  Transformer  Co.,  421  Canal  bt., 
Electronic^  transformer  Co  207  West 
E.ect2r5otnhicStWiNn^gY'S:,  Vi  Broadway, 
Esses^EIectronl'cs,  1060  Broad  St.,  New- 
Federal  Instrument  Co.,  3931 -47th  Ave., 
Ferranti*  Electri^'lncl,  30  Rockefeller 
FortS*  ci*  A?  P.°  719  ’Wyoming  Ave., 
Freed°CTransfoVme?  Co.,  72  Spring  St, 

Gardner" Electri^Mfg.  Co.,  4227  Hollis  St.. 

Emeryville  8,  Calif.  . v .. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Winding  Co.,  420  West  4oth  St., 
New  York,  N.  Y.  _ ,.,,,1 

Giannlnl  A Co.  Inc.  G.  M-,  m E.  Cali 

G,en»  ^nTo  East  Tenth  St, 

GramearkConf  2734CNl'pulaskl  Rd..  Chicago, 

Hadley  Co.,  Robert  M.,  711  East  61st  St, 

Halld?rson"f:eompanyl,  The  4500  Ravens- 

HercuS1  fei^ft^g  Co!.'  Inc.,  2500 
Atlantic  Avenue,  Brooklyn  7,  V Y. 
Hollywood  Transformer  Co.,  645  N.  Mar 

H udson  "American  ^orp!6  2&3  WesU  l 3rd  St, , 

Industrial^  Tran^former  Corp.^  2540  Bel- 

,„strtSmn<?nriteSrsY°rCko.NJ«.e  Falls, 

International  Transformer  Co.,  396  Broad- 
way,  New  York,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca  Minn 
Langevin  Co..  Inc.,  37  W.  65th  bt., 

;,a;:,son 

Ma^  cTp*"?*  Sou’thD16th  °St.,lEas- 

MatconCoPainc.,  25  North  3rd  St..  Mlnne- 

Merlt’coU  & Transformer  Corp.,  4427  N. 

Clark  St.,  Chicago  40,  111. 

National  Co..  Inc.,  61  Sherman  St.,  Mal- 

Natlonal  Minfrtfco.,  2628  N.  Pulaski  Rd„ 

NewCYoCrkB°Transformer  Co..  26  Waverly 

Northeffer  wlnd.ngLaV  ill*  Albermarle 

Northern  Communications  Mfg.  Co.,  210 
TT-nst  40th  St.,  New  York,  N.  Y. 
Peerless  Electrical  Products  Co.,  6.20 
M^TCinlev  Ave.,  Los  Angeles  1,  Calif- 
Phllco  Co!  Tioga  & C Sts.,  Philadelphia 

Pres?o'ETeactric  Co.,  4511  New  York  Ave., 

Print'd" Inity,95  M4rcer  St..  New  York, 

Radlo'CorpYof  America,  RCA  Victor  Div., 

Radlonic^CotUrols,  3768  Belmont  Ave.. 

Rr„l  inn  I ^Transformer  Co.,  411  S.  Sanaa- 
mon  St.,  Chicago,  111.  __  onth  St 

Rlchardson-Allen  Corp.,  15  West  20th  . t., 

Rola^Ca,  Inc*.  2530  ‘Superior  Ave..  Cleve- 

g-w'ainductor  Co.,  1056  N.  Wood  St., 

Sand™naEiectric  Motor  Co..  164  Oliver 
St.,  Boston  10,  Mass 

sd"ii^d^v!0co^?nuBiuff?:Vowr8Y* 
SmalfMotorsy'lnc..  1322  Elston  Ave..  Chl- 
Smltha|lfg2Ca!* Nathan  R..  105  Pasadena 

sore^en' & Ca%P5a  FalrTeld  Ave..  Stam- 

-S  N pu- 
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Standard  Transformer  Corp.,  1500  N.  Hal- 
sted  St,  Chicago,  111. 

Super  Electric  Products  Corp.,  1057  Sum- 
mit  Ave.,  Jersey  City,  N.  J. 

Teleradio  Engineering  Corp.,  99  Wall  St, 
New  York  5,  N.  Y. 

Thordarson  Electric  Mfg.  Div.,  Maguire 
Industries,  Inc.,  600  W.  Huron  St, 
Chicago  10,  111. 

Transformer  Products,  Inc.,  143  W.  51st 
St.,  New  York,  N.  Y. 

Tungsten  Contact  Mfg.  Co.,  North  Bergen, 
N.  J. 

United  Transformer  Corp.,  150  Varick  St 
New  York  13,  N.  Y. 

Utah  Radio  Products  Co.,  820  Orleans  St., 
Chicago,  111. 

Walsh  Engineering  Co.,  34  DeHart  Place, 
Elisabeth,  N.  J. 

Webster  Electric  Co.,  1900  Clark  St.,  Ra- 
cine, Wis. 

Weller  Mfg.  Co.,  516  Northampton  St, 
Eaaton,  Pa. 

Wellman  Mfg.  Co.,  7122  Melrose  Ave„  Los 
Angeles  4G,  Calif. 

Western  Electric  Co.  Inc.,  120  Broadway 
New  York  5,  N.  Y. 

WesUnghouse  Electric  Corp.,  East  Pitts- 
burg, Pa. 

Wheeler  Insulated  Wire  Co.,  Inc.,  378 
WH«^aSrhI  Kgt°*  A,Ve-  Bridgeport,  Conn. 
Whls*  HborHorleTs-  *7  Malden  Lane, 
New  York  7,  N.  Y. 

Wlckwlre  Spencer  Metallurgical  Corp..  260 
Sherman  St.,  Newark,  N.  J. 

• H.  F.  RECEIVING  or  TRANSMITTING 
COOS 

Ad V Ch°lcagoa7n°rmCr  C°-  14  N-  May  St- 
Aero  Communications,  Inc.,  231  Main  St 
Hempstead,  L.  1.,  N.  Y.  ’ 

Aladdin  Radio  Industries,  Inc.,  601  w. 

A,bli„6t|of,tCoC,hiSf,0onUh,Ia 

N°rth  “a‘"  «- 

A meBroad way^New  Ybrk  ”n  306 

AmttCf  Nelark8fN mjer  C°"  17'8 

AnaNenwaY^rke  f ^ Co  - 26  Broadway, 
Andrew  Co.,  363 ’e.  75th  St,  Chicago  19, 

ArastMfft.&ii,^p3y£  ’ lnc- 3107 
KN^wa#  n'I"  900  PaSSalc  Ave- 
Bar  Upptr  DarbrS  236  Falrfleld  Ave- 
BI,tB?cSk?ynEN0trY  C°-  60  HmTy  St, 

ISrlfe'tM#-  Sh.n^Tv1'  V‘  43H 

„ Idaho  st,  San  DiegoT'calif  ' 4314 
Chlcagf;  lS°  - 472  s!  CAtfrdeen  St, 
Commun^catlono  1101  N-  paulina 

p'oH^lSVm600  Stlnson  Blvd.,  Mlnnea- 
COt°PCrovid°n™PaKy'  l”*"  66  Pav,lion  A«- 
,l0donfa"NCY’  ^ 1 North  «-  Gale- 
“X  N-  Glaremont  Ave., 

Elecglcal  Reactance  Corp.,  Prankllnvllle, 

^NTw^n^onr-'  41  Chestnut 
^ ^sWsrn1,11^0'’  2304  Waahl"*ton 
^"strNejTo^0’;'?6^0-?-  421  CanaI 

E ecmonlcjran^fo™^  Co.,  207  West  25th 

CChrcag^4*Sdl"f  C°"  6031  Broadway, 
602  Easl 

B I""'  Fenlmor*  A«- 

eJrif2,CN0njCS|  1030  Broad  St-  New- 
Federel  Instrument  Co.,  3931  47th  Ave 
Long  Island  City  4 N Y ” 

/7^aEi8erWknC20,  3N°  YR0Cke,eller 

;a  st; tevfteM8'BCaf.?:‘  4227  HolllS 

. Quinct.Ill00-'  420  HamP8hlre  St, 
General  Electric  Co.,  Schenectady  5,  N.  Y. 
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General  Winding  Co.,  420  West  45th  SL, 
New  York,  N.  Y. 

Glenn  Roberts  Co.,  3100  East  Tenth  St, 
Oakland  1,  Calif. 

Guthman  & Co..  E.  I.,  15  So.  Throop  St, 
Chicago,  111. 

Hammarlund  Mfg.  Co.  Inc.,  4 60  W.  34th 
St,  New  York  1,  N.  Y. 

Hercules  Electric  & Mfg.  Co.,  Inc.,  2500 
Atlantic  Ave.,  Brooklyn  7,  N.  Y. 
Industrial  Transformer  Corp.,  2540  Bel- 
mont Ave.,  New  York,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 
Langevin  Co.,  Inc.,  37  W.  65th  St,  New 
York,  N.  Y. 

Lawton  Products  Co.,  624  Madison  Ave.. 
New  York  22,  N.  Y. 

Lenoxite  Div.,  Lenox  Inc.,  65  Prince  St, 
Trenton  5,  N.  J. 

Malco  Co..  Inc.,  25  North  3rd  St,  Min- 
neapolis, Minn. 

Meissner  Mfg.  Div.,  Maguire  Industries, 
„„.Incv,Mount  Carmel,  111. 

Millen  Mfg.  Co.,  James,  150  Exchange 
St.,  Malden,  Mass. 

Miller  Co.,  J.  W.,  5917  S.  Main  St,  Dos 
Angeles,  Cal. 

Monarch  Mfg  Co.,  2014  N.  Major  Ave., 
Chicago,  111. 

Muter  Co.,  1255  S.  Michigan  Ave.,  Chi- 
cago, 111. 

National  Co.,  Inc.,  61  Sherman  St,  Malden 
48,  Mass. 

New  York  Transformer  Co.,  26  Waverly 
Place,  New  York  3,  N.  Y. 

PhlI<3°4  CpJ”  T1°ga  & C Sts - Philadelphia, 

Philmo’re  Mfg.  Co.,  113  University  PL, 
New  York,  N.  Y. 

Printloid^  Iim.,  95  Mercer  St,  New  York 

Radio  Corn,  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

HBdlo  Oraftsmen,  1341  So.  Michigan  Ave., 
Chicago  5,  111. 

Richardson-Alien  Corp.,  15  West  20th  St., 
New  York  11,  N.  Y. 

RoS“  3%?°V„2241  s-  Indiana  Ave.,  Chi- 
cago  z /,  111. 

‘S'WoJ,nduct°T„ Co*  1056  N-  Wood  St., 
Chicago.  111. 

Sandman  Electric  Motor  Co.,  164  Oliver 
i * Boston  10,  Mass. 

SiCkoep8eeC°MjsW-  165  Fr°nt  St-  Chl- 

““chtaSwfc,  Jjf’  1322  EU,t°n  Aye- 

Sonora  Radio  & Television  Corp.,  2626  W 
St’  Chicago  2i,  111. 
3d9n^o  P12-ent  of  California, 

cl°l?fS  Fernando  Road,  Glendale  4^ 

S,anitk1  g“adP£h1™g„  ?8°-lf,329  N-  Pu- 

anNewbSghd1^  ?rp  - 44-62  J°hnes  St., 

S,aTSS.^:^02  South  I-ander 

Super  Electric  Products  Corp.,  1057  Sum- 
_ , mli,  AX.e  - Jersey  City,  N.  J. 

New  Yonrk"5eeNnByCOrP-'  " WaU  St- 
Transmitter  Equlpt  Mfg.  Co.  Inc.,  345 
Hudson  St.,  New  York  14,  N Y 
Wheeler  Insulated  Wire  Co.,  Inc.',  378 
W ashington  Ave.,  Bridgeport,  Conn. 

SdENOID  COOS 

AdVaChTealo?nin0rmer  Co"  14  N'  May  St, 

Alrda«iSn  A&  Fabrication  Inc,,  241  Pair- 
field  Ave.,  Upper  Darbv  Pa 
A,addjn  Radio  Industries,  in’c„  sol  West 
ah™  4h  St,  Chicago  16,  111. 

A ieMHmu!kee^W,s33  W'  Greenflel<J  Aw" 

Am  New’SM-  £"V  EaSt  E"d  Ave  ' 

A”Pn2w  York°NA  YeHCa’  "6  Broadway, 

AUt"  S^t.;  Chlcago°7  if,33  W-  Van 
UtEaNewS:  S°T  900  Baaaalc  Ave., 

BarUpp?r  DarbTTa  236  Palrfle,d  Ave- 
Canimn^^^ectrU;^  Development  Co.,  3209 

CMcag?;  Ili°"  416  S-  ASrlkn0^; 
Connecticut  Telephone  ft  Electric  Div.  of 

ifutLnrfXr[d"edn.atcronn  InC"  70 
^"■ToSSS  2Para  1101  N'  pan"na 


Consolidated  Radio  Products  Co.,  350  W 
Erie  SL,  Chicago  10,  111. 

Coto-Coll  Company,  Inc.,  65  Pavilion  Ave 
Providence,  R.  I. 

Davis  & Co.,  Dean  W„  Kentland,  Ind. 

Dinion  Coil  Co.,  Inc.,  1 North  St.,  Cale- 
donia, N.  Y. 

DX  Crystal  Co.,  1200  N.  Claremont  Ave., 
Chicago  22,  111. 

Eastern  Specialty  Co.,  3617-19  N.  Eighth 
St,  Philadelphia  40,  Pa. 

Eclipse-Pioneer  Div.,  Bendix  Aviation 
Corp.,  Teterboro,  N.  J. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 

Electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio 

Electrical  Coil  Winding  Co.,  2733  Saun- 
ders St.,  Camden,  N.  J. 

Electricoil  Transformer  Co.,  421  Canal  SL, 
New'  York  13,  N.  Y. 

Electronic  Transformer  Co.,  207  West  25th 
SL,  New  York,  N.  Y. 

Electronic  Winding  Co.,  5031  Broadway, 
Chicago  40,  111.  . 

Essex  Electronics,  1060  Broad  SL,  New- 
ark 2 N.  J. 

Federal  Instrument  Co.,  3931  47th  Ave, 
Long  Island  City  4,  N.  Y. 

Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Foster  Co.,  A.  P.,  719  Wyoming  Ave., 
Lockland  15,  Ohio 

Gardner  Electric  Mfg.  Co.,  4227  Hollis 
St..  Emeryville  8,  Calif. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

Glenn  Roberts  Co.,  3100  East  Tenth  St., 
Oakland  1,  Calif. 

Gramer  Co.,  2734  N.  Pulaski  Rd.,  Chi- 
cago 39,  111. 

Guardian  Electric  Mfg.  Co.,  1400  Washing- 
ton Blvd.,  Chicago  7,  111. 

Hadley  Co.,  Robert  M.,  711  East  61st  St., 
Los  Angeles,  Calif. 

Halldorson  Co.,  The,  4500  Ravenswood 
Ave.,  Chicago  28,  111. 

Hercules  Electric  & Mfg.  Co.,  Inc.,  2500 
Atlantic  Avenue,  Brooklyn  7,  N.  Y. 

Industrial  Transformer  Corp.,  2540  Bel- 
mont Ave.,  New  York,  N.  Y. 

Instrument  Resistors  Co.,  Little  Falls. 
N.  J. 

International  Transformer  Co.,  396  Broad- 
way, New  York,  N.  Y. 

Jefferson  Electric  Co.,  Bell  wood,  111. 

Knickerbocker  Development  Corp.,  116 
Little  SL,  Belleville  9,  N.  J. 

Langevin  Co.,  Inc.,  37  West  65th  SL,  New 
York,  N.  Y. 

Leotone  Radio  Co.,  65  Dey  SL,  New  York 
7,  N.  Y. 

Madison  Electrical  Prods.  Corp.,  Madison. 
New  Jersey 

Magnavox  Co.,  The,  2131  Bueter  Rd.,  Fort 
Wayne  4,  Ind. 

Magnetic  Windings  Co.,  Div.  of  Essex 
Wire  Corp.,  416  South  16th  St.,  Eas- 
ton, Pa. 

Maico  Co.,  Inc.,  25  North  3rd  St.,  Minne- 
apolis, Minn. 

Miles  Reproducer  Co.,  Inc.,  812  Broadway, 
New  York,  N.  Y. 

National  Co.  Inc.,  61  Sherman  SL,  Malden 
48,  Mass. 

New  York  Transformer  Co.,  26  Waverly 
Place,  New  York  3,  N.  Y. 

Northelfer  Winding  Labs.,  Ill  Albermarle 
Ave.,  Trenton,  N.  J. 

Northern  Communications  Mfg.  Co.,  210 
East  40th  SL,  New  York,  N.  Y. 

Parker  Engineering  Products  Co.,  16  W. 
22nd  SL,  New  York  10,  N.  Y. 

Presto  Electric  Co.,  4611  New  York  Ave.. 
Union  City,  N.  J. 

R.  B.  M.  Mfg.  Co.,  Div.  of  Essex  Wire 
Corp.,  Logansport,  Ind. 

Radionlc  Controls,  3758  Belmont  Ave. 
Chicago  18,  111. 

Radionic  Transformer  Co.,  411  S.  Sanga 
mon  SL,  Chicago,  111.  , 

Red  Arrow  Electric  Corp.,  100  Colt  St 

_ Irvington.  N.  J. 

Richardson-Alien  Corp.,  15  West  20th  St 
New  York  11,  N.  Y.  „ 

S-W  Inductor  Co.,  1056  N.  Wood  SL,  Ch> 
cago,  111. 

Sandman  Electric  Motor  Co.,  164  Oliver 
St.,  Boston  10,  Mass. 

Smith  Mfg.  Co.,  Nathan  R.,  105  Pasadena 
Ave.,  South  Pasadena,  Calif. 

Standard  Coil  Products  Co.,  2329  N.  Pu- 
laski Rd.,  Chicago  18,  I1L 

Standard  Winding  Co.,  44-62  Johnes  St. 
Newburgh,  N.  Y. 

Thermador  Elec.  Mfg.  Co.,  6119  S.  RJver 
side  Drive,  Los  Angeles  22,  Calif. 

Transformer  Products,  Inc.,  143  W.  51*t 
St..  New  York,  N.  Y. 
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! ELECTRONIC  and  ALLIED  PRODUCTS 


Trebor  Radio  Co.,  Paaadona  Callf. 

Tungsten  Contact  Mfg.  Co.,  North  Bergen, 

United  Transformer  Corp.,  150  Varick  St, 
New  York  13,  N.  Y. 

Universal  X-Ray  Products  Inc.,  1800  North 
Francisco  Ave.,  Chicago  47,  111. 

Utah  Radio  Products  Co.,  820  Orleans  St,. 

Webster^lectric  Co.,  1900  Clark  St,  Ra- 
cine, Wise. 

Weller  Mfg.  Co.,  516  Northampton  St, 
Easton,  pa. 

Wellman  Manufacturing  Co.,  7122  Melrose 
Ave.,  Los  Angeles  46,  Calif. 
Westlnghouse  Electric  Corp.,  East  Pltts- 

Wheeleif  insulated  Wire  Co.,  Inc.,  378 
Washington  Ave.,  Bridgeport,  Conn. 
Wyse  Laboratories,  211  S.  Ludlow  St, 
Dayton  2,  Ohio 

Coil  Winding  Machines 

see  Machines 

Colorimeters 


PHOTO-ELECTRIC  COLORIMETERS 

Central  Scientific  Co.,  1700  Irving  Park 
Blvd.,  Chicago  13,  111. 

Coleman  Electric  Co.,  318  Madison  St, 
Maywood,  111.  _ a 

DeJur  Amsco  Corp.,  Northern  Blvd.  at 
45th  St,  Long  Island  City  1,  N.  Y. 

Electronic  Products  Co.,  19  North  First 
St,  Geneva,  III  , 

Fisher  Scientific  Co.,  711  Forbes  St,  Pitts- 
burgh, Pa. 

Gamma  Instrument  Co.,  Inc.,  95  Madison 
Ave.,  New  York  16,  N.  Y. 

General  Electric  Co.,  Schenectady,  N.  Y. 

Leitz,  Inc.,  E.,  730  Fifth  Ave.,  New  York 
19,  N.  Y. 

Pfaltz  & Bauer,  Inc.,  350  Fifth  Ave.,  New 
York,  N.  Y. 

Photovolt  Corp.,  95  Madison  Ave.,  New 
York  16,  N.  Y. 

Pho-Tron  Instrument  Co.,  6713  Euclid 
Ave.,  Cleveland,  Ohio 

Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J. 

Rubicon  Co.,  3751  Ridge  Ave.,  Phlladel- 

„ Phi  a.  Pa. 

Saxl  Instrument  Co.,  88-40  James  St, 
East  Providence  14,  R.  I. 

Schaar  & Co.,  754  W.  Lexington  St,  Chi- 
cago  7,  111. 

Scientific  Glass  Apparatus  Co.,  Bloom- 
field, N.  J. 

Technical  Products  Co.,  158  Madison  Ave. 
at  3rd  St,  Memphis,  Tenn. 

White  Research,  899  Boylston  St,  Boston, 
Mass. 

Wilkena-Anderson  Co.,  Ill  N.  Canal  St., 
Chicago  6,  111. 

Comparators 

•ee  Analysers,  Surface 
see  Meters,  pH 

Condensers - 

see  Gapaeltors 

Connectors 


CABLE  CONNECTORS  and  COUPLINGS 

A-  B C.  Products,  Inc.,  11952  Montana 
..  Ave.,  W.  Los  Angeles  24,  Calif. 

A r Shields,  Inc.,  Hatboro,  Pa. 

Alradio,  Inc.,  Melrose  Ave.  & Battery  PI., 
Stamford,  Conn. 

Aircraft-Marine  Prods.,  Inc.,  1523  N. 

Fourth  St.,  Harrisburg,  Pa. 

Aircraft  Products  Co.,  3502  E.  Pontiac 
St,  Fort  Wayne,  Ind. 

Aircraft  Radio  Corp.,  Boonton,  N.  J. 

Alden  Products  Co.,  117  North  Main  St, 
. Brockton  64,  Mass. 

American  Phenolic  Corp.,  1830  S.  64th 
. Ave.,  Chicago  50,  111. 

American  Radio  Hardware  Co.  Inc.,  152 
Ma^Questen  Pkway,  S.,  Mt  Vernon, 

AMrew  Co.,  363  E.  75  St.,  Chicago  19,  111. 
"lane  Corp.,  830  Market  St.,  Conneaut, 
Ohio 
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Atlas  Products  Corp.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Atlas  Sound  Corp.,  1443  39th  St.,  Brook- 
lyn,  N,  Y. 

Automatic  Metal  Products  Co.,  315  Berry 
St,  Brooklyn,  N.  Y. 

Birnbach  Radio  Co.,  Inc.,  145  Hudson  St., 
New  York,  N.  Y. 

Bud  Radio,  Inc.,  2118  E.  55th  St,  Cleve- 
land 3,  Ohio  „ _ , 

Burndy  Engineering  Co.,  107  Bruckner 
Blvd.,  New  York  54,  N.  Y. 

Cannon  Electric  Development  Co.,  3209 
Humboldt  St,  Los  Angeles  31,  Calif. 
Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91,  Conn. 

Cole-Hersee  Co.,  64  Old  Colony  Ave.,  Bos- 
ton 27,  Mass. 

Connector  Division.  International  Resist- 
ance Cb..  401  N.  Broad  St,  Philadel- 

X>antehlElMtrlc' Mfg.  Co.,  Bantam,  Conn. 
Diamond  Instrument  Co.,  North  Ave., 
Wakefield,  Mass. 

Dossert  * Co.,  249  Huron  St,  Bklyn,  N.  Y. 
Eby,  Inc.,  Hugh  H„  18  W.  Chelton  Ave., 
Philadelphia  13,  Pa. 

Electric  Auto-Lite  Co.,  Wire  & Cable  Dlv., 
Port  Huron,  Mich.  _ . . 

Electric  Service  Mfg.  Co.,  17th  & Cambria 
St,  Philadelphia  32,  Pa.  1? 

Federal  Mfg.  & Engrg.  Corp.,  199-217 
Steuben  St.,  Brooklyn,  N.  Y. 

Gates  Radio  Co.,  220  Hampshire  St.,  Quin- 

General  Electric  Co.,  Schenectady  6,  N.  T. 
General  Electronics  Mfg.  Co.,  2226  S. 

Hoover  St.,  Los  Angeles  7,  Calif. 
General  Radio  Co.,  276  Massachusetts 
Ave.,  Cambridge  39.  Mass. 

Gits  Molding  Corp.,  4600  Huron  St.,  Chl- 

Harwood  Co.,  Division  of  Los  Angeles 
Corp.,  540  N.  La  Brea,  Los  Angeles 
36  Calif 

Hevman  Mfg!  Co.,  Kenilworth,  N.  J. 

Hu'bbell,  Inc.,  Harvey.  Bridgeport  2 . <>nn 
Ideal  Commutator  Dresser  Co.,  1291  Pane 
, Ave.,  Sycamore,  111. 

Tlsco  Copper  Tube  &.  Product  Inc.,  Marle- 
mont  Ave.,  Marlemont  27,  Ohio 
Insullne  Corp.  of  America.  36-02  35th 
Ave.,  Long  Island  City.  N.  Y. 

Isolantlte  Inc.,  343  Cortlandt  St.,  Belle- 
vllle  9,  N.  J. 

Tnhnson  Co  . E.  F.,  Waseca,  Minn. 

Jones!  Howard  B..  2460  W.  George  St, 

Kell(fghgCSw°ltchboard  A Supply  Co.,  6650 

K,ngSe  ElectrotdCT  Co!!  ^2°  Classon  Ave, 

Kulkar°Electr Ic  ' Mfg.  Co.,  Inc.,  80  South 
St,  Mt  Vernon,  N.  Y. 

Rubber  Ave.. 

Mendetsolm^peedgun  Co..  457  Bloomfield 
Monowatt  IlYecTrlc  Corp.,  66  Blssell  St, 

Moraer°c“e!K-an7k  W.,'  301  Congress  St, 
Boston  10,  Mass.  ?9-78 

National  Electronic  Mfg.  Corp.,  ZZ 
Stelnway  Street,  Long  Island  City  5, 

National' Fabricated  rToSucVs,  2860  Bel" 
den  Ave.,  Chicago  47,  111. 

SSfflSS  216 

Oxfo^Tanak  Radio ^Coiy.,  3911  S.  Michl- 
O.  Z*Vctrt^M|rf.  262  Bond  St, 
Peni^uSon™ Electric  Corp.,  316  State  St, 
Precision'  Specialties  220  North  Western 
Pyle^Nat'ionll  Co"fl334  N.  Koatner  Ave., 
Remfer,ccp:  IV  2101  Bryant  St.  San 

R,ce^tPnt“ni°'Berna^.  225  Flfth  ATC  ' 

Select ^£'cl\l0  49th  Ave..  Long 
.rkKi8.  22  Barney  St. 
Starn^d'VCemfsp|c|ty  Co  428  Broad- 
Tech^ScM' 'SLlV Nepperhan  Ave., 
Tbo^ArBeVy.Inc.,  36  Butler  St.. 
Trum^Meclric'  Mfg.  Co.,  Plain  vllle, 
Conn. 


Ucinlte  Co.,  459  Watertown  St,  Newton- 
vllle.  Mass. 

Unlted-Carr  Fastener  Corp.,  31  Ames  St, 

Un.Sst'a.’^Rpbbe'PcP,  1230  Sixth  Ave.. 

Wood  ^lectr!? Co!’,  Inc.,  C.  D„  826  Broad- 
way,  New  York  3,  N.  Y. 

York  Wire  & Cable  Dlv.,  General  Electric 
Co.,  Bridgeport  Conn. 

Zlerlck  Mfg.  Corp.,  385  Gerard  Ave.,  New 
York.  N.  Y. 


Contacts. — — 

see  Points 

Contactors 

AUen-Bradley  Co.,  136  W.  Greenfield  Ave., 
Allle^“o?C2o.,y.8  East  End  Ave., 
ArrowtHanl^egemln  Elec.  Co..  103 
Hawthorn  St,  Hartford,  gt 

Automatic  Electric  Mfg.  Co.,  10  State  a 

Automatl^Me’ta^Producta  Corp.,  315  Berry 

Cu*SKw  North  12th  St, 

fit  n 

Gu^L«  C0.y  b Washing- 
Hart^gy  U^Beitholomew  Ave.. 

MonUo/controHer  Co.,  61  S.  Gay  St.  Bal- 
SperrymGyrMCOpe'  Co.,  Manhattan  Bridge 

8*uSKSb5S®  1821  Arch  St,  PhU- 
Tor/cfock'co'.  1 Grove  St,  Mt  Vernon, 
Trumbull'  Electric  Mfg.  Co.,  Plalnvllle, 
Ward°Leonard  Electric  Co.,  81  South  St. 
Warrick, ^Charles  F-,  16251  Hamilton  Ave., 
Westlnghouse’  Electric  Corp.,  East  Pltta- 

ZenuTlVtric  CO..  152  W.  Walton  St, 
Chicago,  111. 


Controls - 


ATTENUATORS 

AUen-Bradley  Co.,  136  W.  Greenfield  Ave., 

Cent«“lve,  26tobeS  Union,  ino,  906  E. 
C Keefe  Ave.,  Milwaukee  1 Wist 
cinema  Engineering  C£,  1508  W.  Verd  go 

Clarostat  S^.^^WO  C“"to" 
Colll».oc““w5-3'5th  St  N.E..  Cedar 
Dave”aPCP8,’  m Central  Ave.,  Newark  4. 
DeW^M  Radlo  Mfg.  Corp.,  440  Lafayette 
Eastern  Electronics  Corp-,  41  Chestnut 

WeSt6rn 

Electronic  EroduchfEo.,  ’ 19  North  First 
QBxSrkSSoCo^,  220  Hampshire  St,  Quin- 

gfniiW  & !|h7«ac6huEtYU 

Hew^^ak«f  ^S^Tge  Mill  Rd„ 

IntemaUonalEesfsmnce  Co..  401  N.  Broad 

“J 

Mad gSfiSK&cSF Products  Corp.,  Madi- 

Mai»  Cio-Eni,  25  North  3rd  St.Minneap- 

olls,  Minn. 

D-ll 


Digitized  by 


Google 


I 


1945-1946  DIRECTORY  of 


Mallory  & Co.,  Inc.,  P.  R.,  3029  E.  Wash- 
ington St,  Indianapolis  6,  Ind. 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Ohmite  Mfg.  Co.,  4835  W.  Flournoy  St., 
Chicago  44,  111. 

Pacific  Electronics,  Sprague  at  Jefferson 
St,  Spokane,  Wash. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Richardson-Alien  Corp.,  15  West  20th  St, 
New  York  11,  N.  Y. 

Rowe  Radio  Research  Laboratory  Co., 
2422  N.  Pulaski  Rd.,  Chicago  39,  111. 

Shallcross  Mfg.  Co.,  10  Jackson  Ave., 
Collingdale,  Pa. 

Stokes  Rubber  Co.,  Jos.,  Taylor  & Webster 
Sts.,  Trenton,  N.  J. 

Tech  Laboratories,  7 Lincoln  St.,  Jersey 
City.  N.  J. 

Trefz  Manufacturing  Co.,  38-11  Main  St, 
Flushing  N.  Y. 

Utah  Radio  Products  Co.,  820  Orleans  St, 
Chicago,  111. 

White  Research,  899  Boylston  St,  Boston, 
Mass. 


MOTOR  CONTROLS 

Cutler-Hammer,  Inc.,  315  North  12th  St. 
Milwaukee  1,  Wise. 

Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Calif. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Hether  ngton  & Son,  Inc.,  Robert,  Sharon 
Hill,  Pa. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Yardeny  Engrg.  Co.,  105  Chambers  St, 
New  York,  N.  Y. 


VOLUME  and  TONE  CONTROLS 

AHen  Brndiey  Co.,  136  W.  Greenfield  Ave., 
Milwaukee  2,  Wise. 

Centralab  Div.,  Globe  Union,  Inc.,  900  E. 

b.eefe  Ave.,  Milwaukee  1,  Wise. 
Chicago  Telephone  Supply  Co.,  1142  W 
Beardsley  Ave.,  Elkhart,  Ind. 
Clarostat  Mfg.  Co.,  JnC.,  130  Clinton 
Street,  Brooklyn  1,  N.  Y. 

Daven  Co.,  191  Central  Ave.,  Newark  4, 
N . J . 

DeJu/C4^1I,scoT  CorP-.  Northern  Blvd.  at 
45th  St,  Long  Island  City  1,  N.  Y. 
Emerson  Radio  & Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y 
General  Radio  Co.,  275  Massachusetts 
ti.  , A.ve  - Cambridge  39,  Mass. 

HIckok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 
International  Resistance  Co.,  401  N.  Broad 
,,  , st-.  Philadelphia  8,  Pa. 

Maico  Co.,  Inc.,  25  North  3rd  St.,  Mlnne- 
apolis,  Minn. 

Mallory  & Co.,  Inc.,  P.  R.,  3029  E.  Wash- 
ington  St.,  Indianapolis  6,  Ind. 
Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

National  Union  Radio  Corp.,  15  Washing- 
T^,,ton  St-  Newark  2,  N.  J. 

Philmore  Mfg.  Co.,  113  University  PI., 
New  York,  N.  Y. 

Stackpole  Carbon  Co.,  St.  Marys.  Pa. 

Tayl°r  & Web8ter 

TeChCiIt?bNatjrleS'  7 i'lneo,n  St,  Jersey 

C° - 38'U  Mal"  St- 

Utah„Radio  Products  Co.,  820  Orleans  St., 
Chicago,  111.  ' 

Wlrtp.? ° ’ 6521  Greene  st-  Philadelphia. 

Wur^ei  Coif  Rudolph,  North  Tona- 
wanda,  New  York 


WELDING  CONTROLS 

see  Timers,  Welding 

Converters 

ROTARY  CONVERTERS 

see  Generators 

VIBRATOR  TYPE 

ABC  Radio  Laboratories,  3334  N.  New 
Jersey  St,  Indianapolis  5,  Ind. 
American  Television  & Radio  Co.,  300  E. 

Fourth  St,  St  Paul  1,  Minn. 
Electronic  Laboratories  Inc.,  Indianapolis. 
Ind. 


Electronic  Measurements  Co.,  Red  Bank, 
N.  J. 

James  Vibrapower  Co.,  1551  Thomas  St., 
Chicago  22,  111. 

Kurman  Electric  Co.,  135-18-37th  St, 
Long  Island  City  1,  N.  Y. 

Mallory  & Co.,  P.  R,  Inc.,  3029  E.  Wash- 
ington St,  Indianapolis  6,  Ind. 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Oak  Mfg.  Co.,  1260  Clybourn  Ave.,  Chi- 
cago 10,  111. 

Richardson-Alien  Corp.,  15  West  20th, 
New  York  11,  N.  Y. 

Utah  Radio  Products  Co.,  820  Orleans  St, 
Chicago,  111. 


Cores 


COMPLETE  LAMINATED 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

POWDERED  IRON  CORES 

Aladdin  Radio  Industries,  Inc.,  501  W. 
35th  St,  Chicago  16,  111. 

American  Brass  Co.,  Waterbury  88,  Conn. 

Crowley  & Co.,  Inc.,  H.  L,  1 Central  Ave., 
West  Orange,  N.  J. 

Electro  Products  Laboratories,  54  9 W. 
Randolph  St.,  Chicago,  111. 

Mallory  Co.,  Inc.,  P.  R.,  3029  E.  Washing- 
ton St,  Indianapolis  6,  Ind. 

Mkro-Ferrocart  Products  Div.,  Maguire 
Industries,  Inc.,  Greenwich,  Conn. 

Moraine  Products  Div.,  General  Motors 
Corp.,  Dayton,  Ohio 

National  Moldite  Co.,  25  Montgomery  St, 
Hillside  5,  N.  J. 

Pyroferric  Corp.,  175  Varick  St.  New' 
York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Stackpole  Carbon  Co.,  St.  Marys,  Pa. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 


Couplings. 


COAXIAL  CABLE  COUPLINGS 

see  Connectors 


Crystals 

CRYSTAL  FINISHING  EQUIPMENT 

Consolidated  Diamond  Saw  Blade  Co.,  32C 
Yonkers  Ave.,  Yonkers  2,  N Y 
Cry co,  Inc.,  1516  Mission  St.,  South  Paaa- 
dena,  Calif. 

Diamond  Tool  Replacements,  Div.  of  Os- 
cap  Mfg  Co.,  Inc.,  207  W.  Saratoga 
St,  Baltimore  1,  Md. 

Felker  Mfg.  Co.,  1132  Border  Ave..  Tor- 
rence, Calif. 

Finch  Telecommunications,  Inc.,  Passaic, 
N.  J. 

General  Crystals  Corp.,  1775  Foster  Ave.. 
Schenectady,  N.  Y. 

GoodaH  Electric  Mfg.  Co.,  320  N.  Spruce 
tt  °Kallala.  Neb. 

**Unpa!  ^ons’  ^44  Hanover,  Carlisle, 

Jefferson,  Inc.,  Ray,  40  E.  Merrick  Rd. 
Freeport,  L.  I.,  N.  Y. 

Leuck  Crystal  Laboratory,  245  South  11th 
St.,  Lincoln  8,  Nebr. 

hfiniat  Bros,,  203  Christie  St.,  Newark  5, 
L*nl  Chicago  ’ Dr'*'  L ‘ 29  E-  Madl™n  St, 

MarBr^e.evEe'fi^O??o’  617 

MerstKC°hrrcagoT  I?,°-  218 
National  Research  Corp.,  Vacuum  Engi- 
R,Vm  100  Brookline  Ave.,  Bos- 
ton  15,  Mass. 

Piezo  Electric  Prods.  Co.,  104  Fifth  Ave 

Pl'  <.Hr°Tr>k!yi?  P,ark’  Baltimore  25.  Md. 
Plastic  Fabricators  Co.,  440  Sansome  St 
xr  ■■  s^n  Francisco,  Calif. 

\ olkel  Bros.  Machine  Works,  1943  W 
Manchester,  Los  Angeles  44  Calif 

re1o^Sr Poland2!0  Oregon'81 


QUARTZ  CRYSTALS  and  HOLDERS 

! 

Aireon  Manufacturing  Corp.,  Fairfax  & | 
Funston  Rds.,  Kansas  City  15,  Kansas  1 
Alden  Products  Co.,  117  North  Main  Sl,  ] 
Brockton  64,  Mass.  i 

American  Jewels  Cora.  Attleboro.  Mass.  ■ 
Bassett,  Inc.,  Rex,  600  S.  E.  Second  SL, 
Fort  Lauderdale,  Fla. 

Bausch  & Lomb  Optical  Co.,  635  St  Paul 
St,  Rochester  2,  N.  Y. 

Beaumont  Electric  Supply  Co.,  1304  S.  In- 
diana Ave.,  Chicago,  111. 

Bendix  Radio  Div.,  Bendlx  Aviation 
Corp.,  Baltimore  4,  Md. 

Bliley  Electric  Co.,  Erie,  Pa. 

Breon  Laboratories,  607  Rose  St.,  Wil- 
liamsport, Pa. 

Burnett  Radio  Lab.,  Wm.  W.  L,  4S14 
Idaho  St,  San  Diego,  Calif. 

C.  W.  Mfg.,  3800  Brooklyn  Ave.,  Los 
Angeles  33,  Calif. 

Cambridge  Thermionic  Corp.,  445  Con- 
cord Ave.,  Cambridge,  Mass. 

Carlisle  Crystal  Corp.,  132  N.  Hanover 

ct  Piirliiilp  Pji 

Collins’ Radio  Co.,  855  35th  St.,  N.  E., 
Cedar  Rapids,  Iowa 
Commercial  Crystal  Co.,  112  N.  Water 
St.,  Lancaster,  Pa. 

Commercial  Equipment  Co.,  1416  Mc- 
Gee St.,  Kansas  City,  Mo. 

Commercial  Radio  Equip.  Co.,  321  East  1 
Gregory  Blvd.,  Kansas  City  5,  Mo. 
Cryco,  Inc.,  1516  Mission  St,  S.  Pasadena, 
Calif. 

Crystal  Laboratories,  801  W.  Maple  St, 
Wichita,  Kansas  i 

Crystal  Products  ’Co.,  1519  McGee  St.,  j 
Kansas  City  8,  Mo. 

Crystal  Research  Labs.,  Inc.,  29  AUyn 
St,  Hartford,  Conn.  , 

Dallons  laboratories,  5066  Santa  Monica 
Blvd.,  Los  Angeles,  Calif. 

Daughetee  Mfg.,  228  N.  Clinton  St,  Chi- 
cago, 111.  . „ 

Diamond  Drill  Carbon  Co.,  63  Park  Row, 
New  York,  N.  Y.  , 

Dow,  L.  A.,  2208  4th  Ave.,  Seattle,  Wrasn. 
DX  Crystal  Co.,  1200  N.  Claremont  Ave., 
Chicago  22,  111. 

Eidson’s,  1309  N.  Second  St.,  Temple, 

Electric  Appliances  Inc.,  120  W.  North 
St.,  Indianapolis  4,  Ind. 

Electrical  Prod.  Corp.,  950-30th  St.,  Oak- 
land 8,  Calif.  . T11 

Electronic  Ind.  (111.),  Sandwich,  111. 
Electronic  Ind.  (Iowa),  517  Fourth  Ave., 

S.  K.,  Cedar  Rapids,  Iow'a  . 

Electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J.  _ 

Elkay  Radio  Products,  305-309  L.  Wal- 
nut St.,  Oglesby,  111.  ■ 

Etched  Products  Corp.,  39-01  Quetns 
Blvd..  Long  Island  City,  N.  Y. 

Federal  Engineering  Co.,  37  Murray  SL, 
Newr  York  7,  N.  Y. 

Federal  Telephone  and  Radio  Corp.,  591 
Broad  St,  Newark,  N.  J.  _ 
Felsenthal  & Sons,  G.,  4122  W.  Grand 
Ave.,  Chicago  61,  111. 

Finch  Telecommunications  Inc.,  Fassatc, 

N.  J-  x-  r 

Franklin  Transformer,  65  22nd  Ave.,  N. 

Minneapolis  13,  Minn. 

Frequency  Measuring,  1816  Walnut  SL, 
Kansas  City,  Mo. 

Galvin  Mfg.  Corp.,  4545  W.  Augusta  Biva.. 
Chicago  51,  111. 

General  Ceramics  & Steatite  Corp.,  Keas- 
bey,  N.  J.  _ . „ 

General  Crystal  Corp.,  1775  Foster  Ave., 
Schenectady,  N.  Y. 

General  Electric  Co.,  1 River  Roaa, 
Schenectady  5,  N.  Y. 

General  Piezo  Co.,  2614  State  Ave..  Kan- 
sas City,  Kans. 

General  Quartz  Lab.,  Cosmopolitan  mag. 

Irvington  on  Hudson,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Gibbs  & Co.,  Thomas  B.,  Div.  of  George 
W.  Borg  Corp.,  814  Michigan  SL. 
Delavan,  Wls. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Neb.  . 

Harvey  Radio  Labs.,  Inc.,  447  Concord 
Ave.,  Cambridge,  Mass. 

Hatcher  & Fisk,  125  Kansas  Ave., 
peka,  Kan. 

Hearing  Aid  Lab.,  1404  Franklin 
Michigan  City,  Ind.  . 

Henney  Motor  Co.,  Gentleman  Product. 
Div.,  Freeport,  111. 
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Henrv  Mfg.  Co.,  10860  Santa  Monica 
Blvd.,  Los  Angeles  25,  Calif. 

Higgins  Industries,  Inc.,  2221  Warwick 
Ave..  Santa  Monica,  Calif. 

Hlnower  Crystal  Co.,  2033  W.  Charles- 
ton St.,  Chicago,  111. 

Hoffman  Co.,  P.  R.,  321  Cherry  St.,  Car- 
lisle,  Pa.  „ „ _ , 

Hollister  Crystal  Co.,  Boulder,  Colo. 

Howard  Mfg.  Co.,  lo  Fourth  St,  Council 
Bluffs,  Iowa 

Hunt  * Sons,  G.  C.,  544  Hanover,  Car- 
lisle  Pa. 

Insuline  Corp.  of  America,  36-02  35th  Ave., 
Long  Island  City,  N.  Y. 

Jefferson  Inc.,  Ray,  40  E.  Merrick  Rd., 
Freeport,  Long  Island,  N.  Y. 

Jefferson  Travis  Radio  Mfg.  Corp.,  245 
East  23rd  St,  New  York  10,  N.  Y. 

Kaar  Engineering  Co.,  619  Emerson  St., 
Palo  Alto,  Calif. 

Kemllte  Laboratories,  1809  N.  Ashland 
Ave.,  Chicago,  111. 

Keystone  Piezo  Co.,  2143  W.  Liberty  Ave., 
Pittsburgh  16,  Pa. 

Knights  Co.,  James,  131  S.  Wells  St., 
Sandwich,  111.  _ , ^ 

Lenoxite  Div.,  Lenox,  Inc.,  65  Prince  St., 
Trenton,  N.  J. 

Uuck  Crystal  Laboratory,  245  S.  11th 
St.,  Lincoln,  Neb. 

Link,  Fred  M.,  125  W.  17th  St,  New 
York,  N.  Y. 

Maico  Co.,  Inc.,  25  North  3rd  St.,  Minne- 
apolis, Minn. 

Majestic  Radio  ft  Television  Corp-,  2600 
W.  50th  St,  Chicago,  111. 

Meek  Industries,  John,  Liberty  St,  Ply- 
mouth, Ind. 

Mica  Products  Mfg.  Co.,  69  Wooster  St., 
New  York,  N.  Y. 

Millen  Mfg.  Co.,  James,  160  Exchange 
St,  Malden,  Mass. 

Miller,  August  E.,  9226  Hudson  Blvd., 
North  Bergen,  N.  J. 

Monitor  Piezo  Products  Co.,  815  Fremont 
St.,  South  Pasadena,  Cal. 

National  Co.,  61  Sherman  St.,  Malden  48, 
Mass. 

National  Electronic  Mfg.  Corp.,  22-78 
Steinway  St,  Long  Island  City  5,  N.  Y. 
National  Scientific  Products  Co.,  5013  N. 

Kedzie  Ave.,  Chicago  25,  111. 

North  American  Philips  Co.,  Inc.,  100  E. 

42nd  St,  New  York  17,  N.  Y. 

Ogush,  Inc.,  William  B.,  33  W.  60th  St., 
New  York,  N.  Y. 

Pacific  Clay  Products  Co.,  306  West  Ave- 
„ nue  26,  Los  Angeles  31,  Calif. 

Pacific  Radio  Crystal  Co.,  1035  Post  St., 
San  Francisco,  Cal. 

Pan-Electronics  Laboratories.  Inc.,  498 
„ Spring  St.,  N.  W.,  Atlanta,  Ga. 

Parisian  Novelty  Co.,  3510  S.  Western 
Ave.  Ch.icago  9,  111. 

Petersen  Radio  Co.,  2800  W.  Broadway, 
Council  Bluffs,  Iowa 

Philco  Corp.,  Tioga  ft  C Sts.,  Philadel- 
ni  Phia  34.  Pa. 

Piezo  Electric  Products  Co.,  104  Fifth 
Ave.,  Brooklyn  Park,  Baltimore  25, 
Md. 

Precision  Piezo  Service,  427  Mayflower 
St,  Baton  Rouge,  La. 

Premier  Crystal  Labs..  Inc.,  63  Park 
Row,  New  York,  N.  Y. 

Quartz  Lab.,  Inc.,  1513  Oak  St„  Kansas 
City,  Mo. 

Quartz  Products  Co.  of  New  York.  304 
„ E-  45th  St.,  New  York,  N.  Y. 

* a C,  Mfg.  Corp.,  1250  Highland  St., 
„ „ Holliston,  Maes. 

K-9  Crystal  Co.,  Inc.,  632  Grant  St„ 
..P^hurgh,  Pa. 

radio  Corp.  of  America.  RCA  Victor  Div., 
Camden,  N.  J. 

radio  Specialty  Mfg.  Co.,  403  N.  W. 
p Ave.,  Portland.  Oregon 
Reeves  Sound  Lab.,  Inc..  62  W.  47th  St.. 
p N ew  York,  N.  Y. 

Remkr  Co.  Ltd.,  2101  Bryant  St.,  San 
p Rranciaco  10,  Calif. 

Ron,  Mfg.  Co.,  2241  S.  Indiana  Ave.,  Chl- 
. . eago  27.  111. 

scientific  Radio  Products  Co.,  738  W. 

Council  Bluffs,  Iowa 
■ cientiflc  Radio  Service,  4301  Sheridan 

8en.r,,',clTnlverslty  Park,  Md. 

■.entry  Crystal  Co.,  206  S.  W.  Washlng- 
S,J»I  St.  Portland  4,  Ore. 
nerron  Electronics  Co.,  1201  Flushing 
Ave.,  Brooklyn  6,  N.  Y.  (test  equlp- 
menu 

MlUwsks-MHler  Co.,  10  Parker  Ave.  W„ 
Orange,  N.  J. 

■ 'PP-Eastwood  Corp.,  39  Keen  St..  Pat- 
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Smith  Lab.,  M.  L.,  16  Field  St,  Kane, 
Pa. 

Somerset  Laboratories,  306  Valleybrook 
Ave.,  Lyndhurst,  N.  J. 

Sperry  Gyroscope  Co.,  Manhattan  Bridge 
Plaza,  Brooklyn  1,  N.  Y. 

Standard  Coil  Products  Co.,  2329  N. 
Pulaski  Rd.,  Chicago  18,  III. 

Standard  Piezo  Co.,  Woolworth  Bldg., 
Carlisle  Ph 

Standard  Elastics,  1548  S.  Robertson 
Blvd.,  Los  Angeles  36,  Calif. 

Telephonies  Corp.,  350  West  31st  St., 
New  York,  N.  Y. 

Telicon  Corp.,  851  Madison  Ave.,  New 

Union ^iezo* Corp. , 701  McCarter  Highway, 
Newark  N.  J. 

Universal  Television  System,  112  W.  18th 
St.,  Kansas  City  8,  Mo. 

Valpey  Crystals,  Highland  St.,  Holliston, 

Walllice  Mfg.  Co.,  Wm.  T.,  Chill  & Madi- 
son Aves.,  Peru,  Indiana 

Wellman  Mfg.  Co.,  7122  Melrose  Ave., 
Los  Angeles  46,  Calif. 

Western  Electric  Co.,  120  Broadway.  New 
York  5 N.  Y. 

Wilcox  Elec.  Co.,  1400'  Chestnut  St,  Kan- 

Wynne  Precision  Co.,  114%  N.  Hill  St., 
Griffin,  Ga. 

ROCHELLE  SALT  CRYSTALS 

Brush  Development  Co.,  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 

Tibbetts  Laboratories,  Camden  Maine 

Western  Electric  Co.  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 


Cutting  Heads _ 


see  Recorders,  Sound 


Dial  Lights _ 


tee  Lights 


Dials _ 


see  also  Knobs,  Pointers 

Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 

American  Radio  Hardware  Co.,  Inc.  152 
MacQuesten  Pkway.  S.,  Mt  Vernon, 

Ansonia  Clock  Co.,  Inc.,  103  Lafayette 
St,  New  York  13,  N.  Y. 

Austin  Co.,  O.,  42  Greene  St,  New  York, 

B.  & ' C.  Insulation  Products,  Inc.,  261 

Barker*1*  Willia^m"^ Fairfield  Ave., 

BastlinPeBrMarCo'.,  *1600  N.  Clinton  Ave., 

Blrnbach'Radio^o.  Inc.,  145  Hudson  St, 

Bud  *Radio,°in’c.^*2118  E.  55th  St,  Cleve- 

Cardy- Landmark,  1801  West  Bryon  St., 

Cronam“gInb3,'  MOl  Ravenswood  Ave., 

DavenhlCo^  191  Central  Ave.,  Newark  4, 

Dearborn  Glass  Co.,  2414  W.  21st  St., 

Eastern^Etchlng  * Mfg.  Co.,  Chicopee, 

EmeWdCo.,  291  Laurel  Ave..  Arlington. 

Erie  Resistor  Corp.,  644  W.  12th  St., 

Etched*6' Products  Corp  SMI  Queens 
Blvd.,  Long  Island  City,  N.  Y. 
Felsenthal  ft  Sons,  G.,  4122  W'  Grand 
Ave . Chicago  51,  III.  _ . 

Finch  Telecommunications,  Inc.,  Passaic, 

Flock:  Process  Co.,  53  W.  31st  St.,  New 
York  10,  N.  (Also,  3 Quincy  St., 
Norwalk,  Conn.)  _ v v 

General 

G,ts^idi^mCor^64fob^ur8on  St,  Ch.- 

Gramme^  * Sons,  Inc  L.  F„  389  Union 
St.,  Allentown  2,  Pa. 


Hopp  Press,  Inc.,  46U  W.  34th  St.,  New 
York,  N.  Y. 

Insuline  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y. 

Kurz-Kasch  Co.,  1415  So.  Broadway,  Day- 
ton  1,  Ohio  ^ . 

Long  Island  Engraving  Co.,  19  West  21st 
St,  New  York  10,  N.  Y. 

Mclnerney  Plastic  Co.,  655  Godfrey  Ave., 
S.  W.,  Grand  Rapids  1,  Michigan 

Marion  Electrical  Instrument  Co.,  Man- 
chester, N.  H.  _ _ . 

Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y.  ^ . 

Millen  Mfg.  Co.,  James,  150  Exchange 
St.,  Malden,  Mass. 

National  Co.,  61  Sherman  St.,  Malden, 
48  Mass. 

New  England  Etching  ft  Plating  Co.,  25 
Spring  St,  Holyoke,  Mass. 

New  England  Radiocrafters,  1156  Com- 
monwealth Ave.,  Boston  34,  Mass. 

Parisian  Novelty  Co.,  3510  S.  Western 
Ave.,  Chicago  9,  111. 

Plastic  Fabricators  Co.,  440  Sansome 
St,  San  Francisco  11,  Calif. 

Premier  Metal  Etching  Co.,  21-03  44th 
Ave..  Long  Island  City,  N.  Y. 

Printloid,  Inc.,  95  Mercer  St,  New  York, 
N.  Y.  _ , T„ 

Richardson  Co.,  Melrose  Park,  111. 

Screenmakers,  64  Fulton  St,  New  York  1, 
N.  Y. 

Silk  Screen  Supplies,  Inc,,  33  Lafayette 
Ave.,  Brooklyn,  N.  Y. 

Slllcocks-Mlller  Co..  10  Parker  Ave.,  W. 

Technical1  Radhf^o!’  276  Ninth  St.,  San 
Francisco,  Calif. 

Waterbury  Button  Co.,  835  S.  Main  St, 
Waterbury,  Conn.  0 - 

Worcester  Moulded  Plastics  Co.,  8 Graf- 
ton St.,  Worcester  8,  Mass. 


Direction  Finders _ 


see  Radio  Compass  Receivers 


Discs. 


BLANK  BECOBDWQ  DISCS 

Advance  Recording  Products  Co.,  36-12 
34th  St.,  Longlsland  City,  N.  Y 
Allied  Recording  Products  Co.,  21-09  43d 
Ave.,  Long  Island  City  1,  N.  Y. 

Audio  Devices,  Inc.,  444  Madison  Ave., 

Bakeutr  Corp.,3  3*0  East  42nd  St„  New 

DearbS™  Gtoe  YCo.,  2414  W.  2 let  St., 

DuotoneCaco.',  7*9  Broadway,  New  York, 

Emers'o  YRadio  & Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y. 

Federal  Recorder,  Elkhart,  Ind. 

Galvin  Mfg.  Corp.,  4645  W.  Augusta 
Blvd..  Chicago  51,  111.  . „ 

General  Electric  Co.,  Schenectady  5.  .V  Y. 
Gould-Moody  Co..  395  Broadway,  New 
York  N.  Y. 

Gray  Mfg.  Co.,  16-30  Arbor  St„  Hartford. 

Hom?°Recordlng  Co.,  9 E.  19th  St.,  New, 
York  N Y. 

Howard  Radio  Co.,  1735  Belmont  Ave., 

Memovot^Inc.f' 92*42  Beverly  Blvd.,  Bev- 

Mlrror*  Record  Corp  ',  58  W.  25th  St.,  New 
York  N"  Y. 

Presto  Recording  Corp.,  242  W.  55th  St., 

Radl?eCorp°of  America,  RCA  Victor  Div., 

Rieb^Lln^'F^ank.  11916  W.  Pico  Blvd., 

Suun^Vev.SrCm.'/fo'Eaet  116th  St., 

Soun^lCTtberrlCorp.,  The,  82  Audubon  St., 

Speak -O- Phone"  Re'cordmg  & Equipment 
Speak  u r 60th  gt.,  New  York.  N.  Y. 

Talking'  Devices  Co  , 4447  W.  Irving  Park 
WesUnghouseaE°lectric  Corp..  East  Pltts- 

\Vllco"rGay  Co,rpNj^arl?e(1e'EMl‘lh6th  St. 
Zephvr  Products  Corp,  E.  116th  St., 

New  York  29,  N.  Y. 
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Discs.  Rectifier . 


Escutcheons. 


Bee  Rectifiers 


Dividers _ 


VOLTAGE  DIVIDEHS 

see  Resistors,  Wire  Wound 

Drafting  Equipment 

Alteneder  Co.,  Theo.,  1217  Spring  Garden 
St.,  Philadelphia  23,  Pa. 

American  Pencil  Co.,  500  Willow  Ave., 
Hoboken,  N.  J. 

American  Photocopy  Equipment  Co.,  2849 
N.  Clark  St.,  Chicago,  111. 

Arkwright  Finishing  Co.,  Turks  -Head 
Bldg.,  Providence,  R.  I. 

Bruning  Co.,  Inc.,  Charles,  4700  Mont- 
rose Ave.,  Chicago  41,  111. 

Cardinell  Corp.,  Montclair,  N.  J. 

Carter’s  Ink  Co.,  Cambridge,  Mass. 

Dietzgen  Co.,  Eugene,  2425  Sheffield  Ave., 
Chicago,  111. 

Dixon  Crucible  Co.,  Joseph,  Jersey  City, 
N.  J . 

Eagle  Pencil  Co.,  703  East  13th  St, 
New  York,  N.  Y. 

Eberhard  Faber  Pencil  Co.,  37  Greenpoint 
Ave.,  Brooklyn  22,  N.  Y. 

Eclipse  Moulded  Products  Co.,  5151  North 
32nd  St.,  Milwaukee  9,  Wise. 

Emmert  Mfg.  Co.,  Waynesboro,  Pa. 

Eraser  Co.,  231  W.  Water  St,  Syracuse  2, 
N.  Y. 

Faber,  Inc.,  A.  W.,  41  Dickerson  St,  New- 
ark 4 N.  J. 

General  Pencil  Co.,  67  Fleet  St.,  Jersey 
City,  N.  J. 

Gold  Shield  Products  Co.,  25  W.  Broad- 
way, New  York  7,  N.  Y. 

Higgins  Ink  Co.,  Inc.,  271  Ninth  St, 
Brooklyn  15,  N.  Y.  (Drafting  inks) 

Holliston  Mills,  Inc.,  Norwood,  Mass. 

Hunter  Electro  Copyist,  Inc.,  430  S.  War- 
ren St,  Syracuse,  N.  Y. 

Keuffel  & Esser  Co.,  300  Adams  St.,  Hobo- 
ken, N.  J. 

Koh-I-Noor  Pencil-  Co.,  Bloomsbury,  N.  J. 

Ozalid  Div.,  General  Aniline  & Film  Corp., 
770  Ansco  Rd.,  Johnson  City,  N.  Y. 

Paragon-Revolute  Corp.,  97  South  Ave , 
Rochester  4,  N.  Y. 

Pease  Company,  C.  F.,  2601  W.  Irving 
Park  Rd.,  Chicago  18,  111. 

Photo  Reproducing  Eqpt  Co.,  Chatham, 
N . J , 

Plastic  Fabricators  Co.,  440  Sansome  St, 
San  Francisco  11,  Calif. 

Post  Co.,  Frederick,  3650  Avondale  Ave., 
Chicago  90,  111. 

Reliance  Devices  Co.,  Inc.,  30  Irving  Place, 
New  York  3,  N.  Y. 

Staedtler,  J.  S.,  Inc.,  53-56  Worth  St,  N6w 
York,  N.  Y. 

starrett  Co.,  L.  S.,  165  Crescent  St,  Athol, 

Technical’  Products  Co.,  158  Madison  at 
Third  St.,  Memphis,  Tenn. 

United  States  Blue  Print  Paper  Co.,  207  S. 
Wabash  Ave.,  Chicago,  111. 

Universal  Drafting  Machine  Co.,  1426  W. 
Third  St.,  Cleveland  13,  Ohio 

Weber  Co.,  F.,  1220  Buttonwood  St,  Phila- 
delphia 23,  Pa. 

White  Co.,  David,  315  Court  St.,  Mil- 
waukee, Wise. 

Wickes  Bros.,  615  N.  Washington  St., 
Saginaw,  Mich. 

Williams,  Brown  & Earle.  Inc.,  918  Chest- 
nut St.,  Philadelphia,  Pa. 


Dynamotors. 


Bee  Generators 


Enamels _ 


see  Finishes 


Equalizers. 

see  Filters 
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see  also  Dials,  Seales 

Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 

American  Emblem  Co.,  Utica,  N.  Y. 

American  Radio  Hardware  Co.,  Inc.,  162 
MacQuesten  Pkway.  S.,  Mt.  Vernon, 
N.  Y. 

Ansonia  Clock  Co.,  Inc.,  103  Lafayette 
St,  New  York  13.  N.  Y. 

Austin  Co.,  O.,  42  Greene  St,  New  York, 
N.  Y. 

B.  & C.  Insulation  Products  Inc.,  261  Fifth 
Ave.,  New  York  16,  N.  Y. 

Bastian  Bros.  Co.,  1600  N.  Clinton  Ave., 
Rochester,  N.  Y. 

Bud  Radio,  Inc.,  2118  E.  55th  St,  Cleve- 
land 3,  Ohio 

Continental-Diamond  Fibre  Co.,  16  Chapel 
St.,  Newark,  Del. 

Croname,  Inc.,  3701  Ravenswood  Ave., 
Chicago,  lit 

Daven  Co.,  191  Central  Ave.,  Newark  4, 
N.  J. 

Eastern  Etching  & Mfg.  Co.,  Chicopee, 
Mass. 

Emeloid  Co.,  Inc.,  291  Laurel  Ave.,  Arling- 
ton. N.  J. 

Erie  Resistor  Corp.,  644  W.  12  St.,  Erie, 
Pa. 

Etched  Products  Corp.,  39-01  Queens 
Blvd.,  Long  Island  City,  N.  Y. 

Farley  & Loetscher  Mfg.  Co.,  Dubuque, 
Iowa 

Felsenthal  & Sons,  G.,  4122  W.  Grand 
Ave.,  Chicago  51,  111. 

Flock  Process  Co.,  53  W.  21st  St,  New 
York  10,  N.  Y.  (Also,  3 Quincy  St., 
Norwalk,  Conn.) 

Gemloid  Corp.,  79-10  Albion  Ave.,  Elm- 
hurst, N.  Y. 

General  Electric  Co.,  Plastics  Div.,  1 Plas- 
tics Ave.,  Pittsfield,  Mass. 

Gits  Molding  Corp.,  4600  Huron  St.,  Chi- 
cago, 111. 

Grammes  & Sons,  Inc.,  L.  F.,  389  Union 
St.,  Allentown  2,  Pa. 

Hopp  Press,  Inc.,  460  West  34th  St,  New 
York,  N.  Y. 

Insuline  Corp.  of  America,  86-02  85th 
Ave.,  Long  Island  City,  N.  Y. 

Long  Island  Engraving  Co.,  19  West 
21st  St.  New  York  10,  N.  Y. 

Meyercord  Co.,  5323  W.  Lake  St,  Chicago, 
44,  111. 

Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y. 

New  England  Etching  & Plating  Co.,  25 
Spring  St.,  Holyoke,  Mass. 

New  England  Radlocrafters,  1156  Com- 
monwealth Ave.,  Boston  34,  Mass. 

Panelyte  Div.,  St  Regis  Paper  Co.,  230 
Park  Ave.,  New  York,  N.  Y. 

Photox  Silk  Screen  Supply  Co.,  30  Irving 
Place,  New  York  3,  N.  Y. 

Plastic  Fabricators  Co.,  440  Sansome  St, 
San  Francisco  11,  Calif. 

Plastic  Manufacturers,  Inc.,  Stamford, 
Conn. 

Premier  Metal  Etching  Co..  21-03  44th 
Ave.,  Long  Island  City,  N.  Y. 

Scovill  Mfg.  Co.,  99  Mill  St,  Waterbury 
91,  Conn. 

Screenmakers,  64  Fulton  St.,  New  York  1, 
N.  Y. 

Sillcocks-Miller  Co.,  10  Parker  Ave.  W., 
South  Orange,  N.  J. 

Spaulding  Fibre  Co.,  Inc.,  310  Wheeler  St, 
Tonawanda,  N.  Y. 

Stamford  Metal  Specialty  Co.,  428  Broad- 
way, New  York  13,  N.  Y. 

Syracuse  Ornamental  Co.,  581  So.  Clinton 
St,  Syracuse,  N.  Y. 

Unlted-Carr  Fastener  Corp.,  31  Ames  St, 
Cambridge  42,  Mass. 

Victory  Mfg.  Co.,  1722  W.  Arcade  PI., 
Chicago  12,  111. 

Waters  Conley  Co.,  501  First  St.  N.  W 
Rochester,  Minn. 


Facsimile. 


Aiden  Products  Co.,  117  N.  Main  St. 
Brockton  64,  Mass. 

Barker  & Williamson,  235  Fairfield  Ave 
Upper  Darby,  Pa. 

Bunnell  & Co.,  J.  H.,  215  Fulton  St,  New 
York,  N.  Y. 

Engineering  Laboratories,  Inc.,  602  E 
™ St,  Tulsa  3,  Okla. 

Finch  Telecommunications,  Inc.,  Passaic, 
N.  J . 

General  Electric  Co.,  Schenectady  5,  N.  Y. 


Gilflllan  Bros.,  Inc.,  1816  Venice  Blvd., 
Los  Angeles,  Calif. 

Hallicrafters  Co.,  2611  Indiana  Ave.,  Chi- 
cago 16,  I1L 

Megard  Corp.,  1601  S.  Burlington  St,  Loa 
Angeles,  Calif. 

Press  Wireless,  Inc.,  1475  Broadway,  New 
York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Record-O-Vox,  Inc.,  721  N.  Martel  Ave., 
Hollywood  46,  Calif. 

United  States  Television  Mfg.  Corn.,  109 
Seventh  Ave.,  New  York,  N.  Y. 
Wilcox  Gay  Corp.,  Charlottle,  Mich. 

Fasteners  & Fastening 
Devices 

Adel  Precision  Products  Corp.,  Burbank, 
Calif. 

An-cor-lox  Div.,  Laminated  Shim  Co.,  Inc., 
Union  St,  Glenbrook,  Conn. 
Automatic  Nut  Co.,  Inc.,  Lebanon.  Pa 
Boots  Aircraft  Nut  Corp.,  New  Canaan, 
Conn.  . , . 

Camloc  Fastener  Corp.,  420  Lexington 
Ave.,  New  York  17,  N.  Y. 

Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91,  Conn. 

Clark  Bros.  Bolt  Co.,  Milldale.  Conn. 
Columbia  Nut  & Bolt  Co.,  945  Main  St, 
Bridgeport,  Conn. 

Dzus  Fasteners  Co.,  Inc.,  Box  605,  Baby- 
lon, Long  Island,  N.  Y. 

Elastic  Stop  Nut  Corp.  of  America,  2371 
Vauxhall  Rd.,  Union,  N.  J. 

Federal  Screw  Products  Co.,  224  w. 

Huron  St.,  Chicago  10,  111.  m , 
General  Cement  Mfg.  Co.,  919  Taylor 
Ave.,  Rockford,  111.  _ 

General  Electric  Co.,  Bridgeport,  Conn. 
Hartford  Machine  Screw  Co.,  Hartford, 

Industrial  Screw  & Supply  Co.,  718  W 
Lake  St.,  Chicago  6,  111  . 

Lamson  & Sessions  Co.,  1971  West  85th 
St.,  Cleveland,  Ohio 

Manufacturers  Screw  Products,  270  w. 

Hubbard  St.  Chicago,  111. 

National  Screw  k Mfg.  Co.,  2440  E.  75th 
St.,  Cleveland  4,  Ohio 
Palnut  Co.,  Inc.,  77  Cordier  St,  Irvington 

Pittsburgh  Screw  & Bolt  Corp.,  P.  0-  B°x 

nuiirtuW^Boit  * Nut  CO.. 

ScovM  ^'9f°Sn?h|tterwaUury 

Security  ^Locknut  Corn,  630  S.  Wabasb 

Simmons'  Machine  ^ool  Corp.,  Fastener 

Standard  locknut’  LockwMher.  Ino. 
33-35  WeBt  St  Clair  St,  Indianapolis, 

Standard  Pressed  Steel  Co.,  Jenklntown, 

Thomas  & Betts  Co.,  Inc.,  36  Butler  St, 
Elizabeth  1,  N.  J.  _.  Hub. 

Thompson-Bremer  & Co.,  1640  w. 

bard  St,  Chicago,  111.  m llt0„ 

Tinnerman  Products,  Inc.,  2106 

Rd.,  Cleveland  13,  Ohio  o-™nd 

Union  -Aircraft  Products  Corp.,  380  Second 
Ave..  New  Tork,  N.  Y.  SL 

Unlted-Carr  Fastener  Corp..  31  Ames  S 
Cambridge  42,  Mass. 


Fibre — 

see  Insulation 

Filter  Chokes. 


Bee  Chokes,  Power  £ Audio 


Filters. 


ELECTBIC  WAVE  SECTION  FILTEES 

American  Transformer  Co.,  178  Emmeii 

AmphflerNCo.aof'  America,  396  Broadway 
New  York,  N.  Y.  ...  Ave>t 

Audio  Development  Co.,  2833  13tn 

S.,  Minneapolis  7,  Minn.  Paul 

Bausch  & Lomb  Optical  Co.,  635  bt  r 
St.,  Rochester  2.  N.  Y.  -l600 

Bendix  Aviation  Corp.,  Pacific  Div., . 

Sherman  Way,  North  Holly’!'  ow. 
Calif. 
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ELECTRONIC  and  ALLIED  PRODUCTS 


nsst  Mtg.  Co.,  Inc.,  1200  Grove  St.,  Irving- 
ton  1,  N.  J. 

Chicago  Transformer  Dlv.p  Essex  Wire 
Corp.,  3501  W.  Addison  St,  Chicago 

Electronic  Engineering  Co.,  3223  West 
Armitage  Ave.,  Chicago,  111. 

Electronic  Transformer  Co.,  207  West 
25th  St,  New  York,  N.  Y. 

Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Foster  Co.,  A.  P.,  719  Wyoming  Ave., 
Lockland  15,  Ohio 

Freed  Transformer  Co.,  72  Spring  St, 
New  York  12,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Radio  Co.,  275  Massachusetts  Ave., 
Cambridge  39,  Mass. 

Hollywood  Transformer  Co.,  645  N.  Mar- 
tel Ave.,  Los  Angeles  36,  Calif. 
International  Transformer  Co.,  396  Broad- 
way, New  York,  N.  Y. 

Kenyon  Transformer  Co.,  840  Barry  St., 
New  York  69,  N.  Y. 

Lavoie  Laboratories,  Morganville,  N.  J. 
Northern  Communications  Mfg.  Co.,  210 
East  40th  St.,  New  York,  N.  Y. 
Hichardson-Allen  Corp..  15  West  20th  St., 
New  York  11,  N.  Y. 

S-W  Inductor  Co.,  1056  N.  Wood  St., 
Chicago,  111. 

Techno-Scientific  Co.,  901  Nepperhan  Ave., 
Yonkers  3,.  N.  Y. 

Thordarson  Electric  Mfg.  Div.,  Maguire 
Industries,  Inc.,  500  W.  Huron  St., 
Chicago,  111. 

Transformer  Products,  Inc.,  143  W.  51st 
St.,  New  York,  N.  Y. 

I'nited  Transformer  Corp.,  150  Varick  St., 
New  York  13,  N.  Y. 

EQUALIZER  FILTERS 

Airdesign  & Fabrication,  Inc.,  241  Fair- 
field  Ave.,  Upper  Darby,  Pa. 

Altec  Lansing  Corp.,  1680  N.  Vine  St., 
Los  Angeles  28,  Calif. 

American  Transformer  Co.,  178  Emmett 
St,  Newark,  N.  J. 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Audio  Development  Co.,  2833  13th  Ave.  S., 
Minneapolis  7,  Minn. 

Audio  Tone  Oscillator  Co.,  237  John  St., 
Bridgeport  3,  Conn. 

Daven  Co.,  191  Central  Ave.,  Newark  4, 
N.  J. 

Electronic  Engineering  Co.,  3223  West 
Armitage  Ave.,  Chicago,  111. 

Electronic  Transformer  Co.,  207  West 
t,  25th  St.,  New  York,  N.  Y. 
r erranti  Electric  Inc.,  30  Rockefeller 
Plaza,  Now  York  20,  N.  Y. 

Freed  Transformer  Co.,  72  Spring  St, 

,,  kew  York  12,  N.  Y. 

•ates  Radio  Co.,  220  Hampshire  St,  Quln- 

„ „cy- 

Hollywood  Transformer  Co.,  645  N.  Martel 
. . Ave.,  Los  Angeles  36,  Calif, 
international  Transformer  Co.,  396  Broad- 
way,  New  York,  N.  Y. 

Kenyon  Transformer  Co.,  840  Barry  St, 
New  York  59,  N,  Y. 

•regard  Corp.,  1601  S.  Burlington  St„  Los 
Angeles  6,  Calif. 

northern  Communications  Mfg.  Co.,  210 
East  40th  St.,  New  York,  N.  Y. 

Presto  Recording  Corp.,  242  \V.  55th  St, 
New  York,  N.  Y. 

. Kleber,  Inc.,  Prank,  11916  W.  Pico  Blvd., 
,,  ,,.L®8  Angeles  34,  Calif. 

CJ!'ductor  Co.,  1056  N.  Wood  St, 
Chicago,  111. 

Simpson  Mfg.  Co.,  Inc.,  Mark,  188  West 
™ „ Fourth  St„  New  York,  N.  Y. 
inordarson  Electric  Mfg.  Dlv.,  Maguire 
Industries,  Inc.,  600  W.  Huron  St, 
Chicago  10,  111. 

iransformer  Products,  Inc.,  143  W.  51st 
• . . , t. . New  York,  N.  Y. 
united  Transformer  Corp.,  160  Varick  St., 
ITt  Now  York  13,  N.  Y. 
a\,‘V‘d!o  Products  Co.,  820  Orleans  St, 
Chicago,  in. 

ostinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

NOISE  FILTERS 

Aerovox  Corp.,  740  Belleville  Ave.,  New 
.Bedford,  Mass. 

American  Television  & Radio  Co.,  300  East 
.Fmmh  St.,  St.  Paul  1,  Minn, 
mpuser  Co.  of  America,  396  Broadway, 
, New^  York,  N.  Y. 

Andrea  Radio  Corp.,  43-20  S4th  St.,  Long 
Island  City,  N.  Y. 

ELECTRONICS  — November  1945 


Automatic  Mfg.  Co.,  900  Passaic  Ave., 
E.  Newark,  N.  J. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bendix  Aviation  Corp.,  Pacific  Div.,  11600 
Sherman  Way,  North  Hollywood, 
Calif. 

Bimbach  Radio  Co.,  Inc.,  145  Hudson  St, 
New  York,  N.  Y. 

Continental  Carbon,  Inc.,  13900  Lorain 
Ave.,  Cleveland,  Ohio 
Comell-Dubilier  Electric  Corp.,  1000  Ham- 
ilton Blvd.,  South  Plainfield,  N.  J. 
Deutschmann  Corp.,  Tobe,  Canton,  Mass. 
Electronic  Transformer  Co.,  207  West  26th 
St,  New  York,  N.  Y. 

Erie  Resistor  Corp.,  644  West  12th  St, 
Erie,  Pa.  „ , 

Fast  & Co.,  John  E.,  3101  N.  Pulaski  Rd., 
Chicago  41,  111.  , _ ,, 

Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Freed  Radio  Corp.,  200  Hudson  St,  New 
York,  N.  Y. 

Freed  Transformer  Co.,  72  Spring  St, 
New  York  12,  N.  Y. 

General  Winding  Co.,  420  West  45th  St, 
New  York,  N.  Y. 

Girard-Hopkins,  1000  40th  Ave.,  Oakland 
1,  Cal.  „ „ 

Halldorson  Company,  The,  4500  Ra vena- 
wood  Ave.,  Chicago  28,  111. 

Industrial  Condenser  Corp.,  3243  North 

California  Ave.,  Chicago  18,  111.  

Insullne  Corp.  of  America,  36-02  35th 
Ave..  Long  Island  City,  N.  Y. 

Kellogg  Switchboard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 
Kenyon  Transformer  Co.,  840  Barry  St., 
New  York  59,  N.  Y. 

Mallory  & Co.,  Inc.,  P.  R.,  3029  E.  Wash- 
ington St.,  Indianapolis  6,  Ind. 
Measurements  Corp.,  Boonton,  N.  J. 
Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Miller  Co.,  J.  W.,  5917  S.  Main  St,  Los 
Angeles,  Calif.  TT 

Philmore  Mfg.  Co..  113  University  PL, 
New  York,  N.  Y. 

Potter  Co.,  1950  Sheridan  Rd.,  North  Chi- 
cago, III. 

Presto  Recording  Corp.,  242  West  55th 
St.,  New  York,  N.  Y. 

Rlchardson-Allen  Corp.,  15  West  20th  St, 
New  York  11.  N.  Y. 

S-W  Inductor  Co.,  1056  N.  Wood  St, 

Chicago,  111.  ,,  . 

Solar  Mfg.  Corp.,^285  Madison  Ave.,  New 

Sprague**  Electric  * Co.,  189  Beaver  St, 
North  Adams,  Mass. 

Technical  Appliance  Corp..  516  W.  34th 
St.,  New  York  1,  N.  Y. 

U.  S.  Television  Mfg.  Coro.,  106  Seventh 
Ave.,  New  York  11,  N.  Y. 

United  Transformer  Corp.,  150  varick  at., 

WesterrT Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y.  XT  _ 

Whisk  Laboratories,  87  Maiden  Lane,  New 
York  7,  N.  Y. 


Finders.  Direction. 


see  Radio  Compass  Receivers 


Finishes. 


insulating  enamels 

Alden  Products  Co.,  117  North  Main  St, 

BakeTeCCo°rp.6  30  Ea«nd  St,  New  York 

Day  &'Co.‘,  James  B„  1872  Clybourn  Ave., 

DolphhCaf  John  c!i  1060  Broad  St.,  New- 

Du  Pont  ^e  'Nemours  A Co.,  Inc.,  E.  L, 
Wilmington  98,  Del. 

Electric  Service  Manufacturing  ^o.,  17th 
& Cambria  Sts.,  Philadelphia .32,  Pa. 
Franklin  Paint  & Varnish  Co  Benjamln, 
4820  Langdon  St.,  Philadelphia  24,  Pa. 
General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  111.  . c m v 

SI  Electric 

International1' &P r odu c t s ' Corp.,  Baltimore 
IrVlS!Vx",  Irvington1?!,  S°  j.  10 


Lilly  Varnish  Co.,  670  S.  California  St, 
Indianapolis,  Ind. 

Lowe  Bros.  Co.,  436  E.  Third  St,  Dayton, 
Ohio 

Maas  & Waldstein  Co.,  438  Riverside  Ave., 
Newark  N J 

Murphy  Finishes  ' Corp.,  224  McWhorter 
St,  Newark  1,  N.  J. 

New  Wrinkle,  Inc.,  314  W.  First  St, 
Dayton  2,  Ohio 

Pratt  & Lambert,  Inc.,  75  Tonawanda  St, 
Buffalo  17,  N.  Y. 

Roxalin  Flexible  Finishes,  Inc.,  800  Mag- 
nolia Ave.,  Elizabeth,  F,  N.  J. 

Schott  Co.,  Walter  L.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 

Standard  Varnish  Works,  2600  Richmond 
Terrace,  Staten  Island  3,  N.  Y. 
Watson- Standard  Co.,  226  Galveston  St, 
Pittsburgh,  Pa. 

Westinghouse  Electric  Corp.,  East  Pitts- 

Zapon^Div.,  Atlas  Powder  Co.,  Ludlow 
St.,  Stamford,  Conn. 

INSULATING  VARNISH 

Aluminum  Finishing  Corp.,  1119  E.  22nd 
St.,  Indianapolis,  Ind.  _... 

American  Phenolic  Corp.,  1830  S.  54th 
Ave.,  Chicago  50,  111. 

American  Products  Mfg.  Co.,  8127  Olean- 
der St,  New  Orleans,  La. 

Arco  Co.,  7301  Bessemer  Ave.,  Cleveland, 

B A C Insulation  Products,  Inc.,  261  Fifth 
Ave.,  New  York  16,  N.  Y. 

Bakellte  Corp.,  30  E.  42d  St.,  New  York 

Communication  Parts,  1101  N.  Paulina  St., 

Day<&'co.®CJames1B.,  1872  Clybourn  Ave., 

Dolph^Colf  John  c!;  1060  Broad  St.,  -New- 

Dow&  Corning  Corp.,  Box  692,  Midland, 

Du  Pont  de  Nemours  & Co.,  Inc.,  E.  I., 
Wilmington  98,  Del. 

Durez  Plastics  & Chemicals,  Inc.,  19^5 
Walck  Road,  North  Tonawanda,  N.  Y. 
Electric  Service  Manufacturing  Co.,  17th 
& Cambria  Sts.,  Philadelphia  32,  Pa. 
General  Cement  Mfg.  Co.,  919  Taylor  Ave., 

Generof^TectVic  Co.,  Hlttsfleld  Mm 
George  Co.,  P.  D.,  5200  N.  Second  St, 

Goodin  Electric1  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nebr.  R1 

Haynes  Laboratories,  Inc..  C.  W.,  61 

Chandler  St,  Springfield,  Mass. 

Hilo  Varnish  Corp.,  42  Stewart  Ave., 

Insl-Xr<Ca!yinc^’  8?7  Meeker  Ave.,  Brook- 

Insulatfon  'Manufacturers  Corp.,  565  W. 

Washington  Blvd.,  Chicago  6,  111. 
Irvington  Varnish  & Insulator  Co.,  10  Ar 
gyle  Terrace,  Irvington  11,  N.  J- 
Jones-Dabney  Co.,  Smith  & Proback  Sts., 
Louisville,  Ky. 

Lastik  Products  Co.,  Keenan  Bldg.,  Pitts 

Lilly  Varnish  Co.,  670  S.  California  St., 

Dowen|lo?haePr081  C'o.!^  E.  Third  St,  Day- 

Maas°&  Waldstein  Co.,  438  Riverside  Ave., 

Makalot' Ckirp1?'  262  Washington  St,  Bos- 

Marbl?tteM  Corp.,  37-21-30th  St,  Long 

Mlca^InJulaWr  Co.f%97  Broadway,  Sche- 

MltcheMtand 'insulation  Co.,  Inc.,  51  Mur- 

Murphy  FlnlShS  Cow  .'  224  McWhorter 

Kew^rlSk^JcSu  First  St,  Day- 

Pratt  8c  Lambert,  Inc.,  76  Tonawanda  St, 

Production0 E^ngrg.  Corp.,  666  Van  Houten 
Ave  Clifton,  N.  J.  (Service) 
Robertson  Chemical  Co.,  9808  Meech  Ave., 

R0“SaS'°Ei&^th?  Fn°S.  J°°  Mag' 

Seh°Blvd°;  BeverTy  °"  “ 

Standard  Insulation  Co.,  74  Paterson  Ave.. 

Stanfa^  ««A600  Richmond 

S t e rlTn  gF Varnfgb  ‘co.  ,T  H ely  b vl  i le^*  Pal 
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Watson-Standard  Co.,  226  Galveston  St., 
Pittsburgh,  Pa. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wipe-On  Corp.,  105  Hudson  St.,  New 
York  13,  N.  Y. 

Zapon  DIv.,  Atlas  Powder  Co.,  Ludlow  St., 
Stamford,  Conn. 


LACQUER  FINISHES 


Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 

Ambroid  Co.,  305  Franklin  St,  Boston  10, 
Mass. 

American  Products  Mfg.  Co.,  8127  Olean- 
der St.,  New  Orleans,  La. 

Arco  Co.,  7301  Bessemer  Ave.,  Cleveland 
4,  Ohio 

Bakelite  Corp.,  30  E.  4 2d  St,  New  York 
17,  N.  Y. 

Communication  Products  Co.,  Inc.,  Route 
# 36  & Palmer  Ave.,  Keansburg,  N.  J. 

Day  & Co.,  James  B.,  1872  Clybourn  Ave., 
Chicago  14,  111. 

Dolph  Co.,  John  C.,  1060  Broad  St,  New- 
ark, N.  J. 

Du  Pont  de  Nemours  & Co.,  Inc.,  EL  I., 
Wilmington  98,  Del. 

Durez  Plastics  & Chemicals,  Inc.,  1922 
Walck  Road,  North  Tonawanda,  N.  Y. 

Egyptian  Lacquer  Mfg.  Co.,  1270  Sixth 
Ave.,  New  York,  N.  Y. 

Franklin  Paint  & Varnish  Co.,  Benjamin, 
4820  Langdon  St,  Philadelphia  24, 
Pa. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford.  111. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 

Haynes  Laboratories,  Inc.,  C.  W.,  61 

Chandler  St,  Springfield,  Mass. 

Hilo  Varnish  Corp.,  42  Stewart  Ave., 
Brooklyn,  N.  Y. 

Howe  & French,  Inc.,  99  Broad  St.,  Bos- 
ton 10,  Mass. 

Johnson  & Co.,  S.  C.,  Industrial  Div.,  Ra- 
cine, Wise. 

Jones-Dabney  Co.,  Smith  & Probaek  Sts., 
Louisville,  Ky. 

Lilly  Varnish  Co.,  670  S.  California  St., 
Indianapolis,  Ind. 

Lowe  Brothers  Co.,  436  E.  Third  St..  Day- 
ton,  Ohio 

Maas  & Waldstein  Co.,  438  Riverside  Ave., 
Newark  \ j 

Makalot  Corp.*,  262  Washington  St.,  Bos- 
ton, Mass. 

Marblette  Corp.,  37-21-30th  St.,  Long 
Island  City  1,  N.  Y. 

Monsanto  Chemical  Co.,  Merrimac  Div., 
Everett,  Mass. 

Murphy  Finishes  Corp.,  224  McWhorter 
St,  Newark  1,  N.  J. 

New  England  Radiocrafters,  1156  Com- 
monwealth Ave.,  Boston  34,  Mass. 

New  Wrinkle,  Inc.,  314  W.  First  St.,  Day- 
ton  2,  Ohio 

Pratt  & Lambert,  Inc.,  75  Tonawanda  St., 
Buffalo  17,  N.  Y. 

Roxalin  Flexible  Finishes,  Inc.,  800  Mag- 
nolia Ave.,  Elizabeth  F.  N.  J. 

Schott  Co.,  Walter  L..  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 

Standard  Varnish  Works,  2600  Richmond 
Terrace,  Staten  Island  3,  N.  Y. 

Technical  Products  Co..  158  Madison  Ave. 
at  Third  St,  Memphis,  Tenn. 

United  States  Rubber  Co.,  1230  Sixth 
Ave.,  New  York  20,  N.  Y. 

Watson-Standard  Co.,  225  Galveston  St, 
Pittsburgh.  Pa. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Zapon  Div.,  Atlas  Powder  Co.,  Ludlow  St, 
Stamford,  Conn. 


Floci  & Flocked  Paper. 


Austin  Co.,  O.,  42  Greene  St.,  New  York 
N.  Y. 

Auburn  Mfg.  Co.,  110  Stack  St..  Middle- 
town,  Conn 

Cellusuede  Products,  Inc.,  Rockford.  111. 

Flock  Process  Co.,  63  West  21st  St..  New 
York  10,  N.  Y.  Also.  3 Quincy  St., 
Norwalk,  Conn. 

General  Cement  Mfg.  Co..  919  Taylor  Ave., 
Rockford.  111. 

Schott  Co.,  Walter  L..  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 


Flux.  Solder _ 


Allen  Co.,  L.  R.,  6719  Bryn  Mawr  Ave., 
Chicago,  111. 

American  Chemical  Paint  Co.,  Ambler,  Pa. 

American  Solder  & Flux  Co.,  2152  E.  Nor- 
ris St.,  Philadelphia  25,  Pa. 

Benson  Co.,  Alex  R.,  4 E.  Court  St.,  Hud- 
son, N.  Y. 

Burnley  Battery  & Mfg.  Co.,  Clay  St., 
North  East,  Pa. 

Day  & Co.,  James  B.,  187  2 Clybourn  Ave., 
Chicago,  111. 

Dunton  Co.,  M.  W.,  670  Eddy  St,  Provi- 
dence, R.  I. 

DuPont  de  Nemours  & Co.,  E.  I.,  Grasselll 
Chemicals  Dept.,  Wilmington,  Del. 

Farrelloy  Co.,  124  5 N.  26th  St,  Philadel- 
phia, Pa. 

Garden  City  Laboratory,  2744  W.  37th  PI., 
Chicago,  111. 

Geko  Chemical  Co.,  143-05  Franconia  Ave., 
Flushing,  N.  Y. 

General  Electric  Co.,  Bridgeport,  Conn. 

Glaser  Lead  Co.,  Inc.,  31  Wyckoff  Ave., 
Brooklyn,  N.  Y. 

Handy  & Harman,  82  Fulton  St..  New 
York  7,  N.  Y. 

Hercules  Chemical  Co.,  332  Canal  St.,  New 
York,  N.  Y. 

Johnson  Co.,  Lloyd  S.,  2241  Indiana  Ave., 
Chicago,  111. 

Johnson  Mfg.  Co.,  729  W.  Washington 
Blvd.,  Chicago,  111. 

Jordan  Co.,  51st  & S.  Merrimac,  Chicago 
38.  111. 

Kester  Solder  Co.,  4212  Wrightwood  Ave.. 
Chicago.  111. 

Lukens  Metal  Co.,  Thomas  F..  3H00  E. 
Hedley  St,  Philadelphia  37,  Pa. 

McGill  Mfg.  Co.,  Box  670,  Valparaiso.  Tnd. 

Mico  Instrument  Co.,  80  Trowbridge  St., 
Cambridge  38,  Mass. 

Mitchell-Rand  Insulation  Co.,  51  Murrav 
St.,  New  York  7,  N.  Y. 

Ogden  Chemical  Laboratories,  324  E. 
Third  St.,  Cincinnati,  Ohio 

Ohio  Carbon  Co.,  12608  Berea  Rd.,  Cleve- 
land, Ohio 

Paragon  Insulating  Co.,  5716  Euclid  Ave.. 
Cleveland,  Ohio 

Pfanstiehl  Chemical  Co.,  104  Lake  View 
Ave.,  Waukegan,  111. 

Rodale  Mfg.  Co.,  6th  & Minor  Sts., 
Emaus,  Pa. 

Rotax  Mfg.  Co..  24  Bathgate  Place.  New- 
ark 7 N.  J. 

Ruby  Chemical  Co.,  68  McDowell  St.  Col- 
umbus,  Ohio 

Special  Chemicals  Co..  30  Irving  Place. 
New  York.  N.  Y. 

Weaver  Specialty  Co.,  6344  Aurelia  St., 
Pittsburgh,  Pa. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 


Forks _ 


ELECTRICALLY  DRIVEN  TUNING  FORKS 

American  Time  Products,  Inc.,  580  Fifth 
Ave.,  New  York  19,  N.  Y. 

Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 

Central  Scientific  Co.,  1700  Irving  Park 
Blvd.,  Chicago  13,  111. 

Chicago  Apparatus  Co.,  1735  N.  Ashland 
Ave..  Chicago,  111. 

Gaertner  Scientific  Corp..  1201  Wright- 
wood Ave.,  Chicago,  111. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Gibbs  & Co..  Thomas  B.,  Div.  of  George 
W.  Borg  Corp.,  814  Michigan  St.. 
Delavan,  Wise. 

Rieber,  Tnc.,  Frank,  11916  W.  Pico  Blvd., 
Los  Angeles  34,  Calif. 

Riverbank  Laboratories,  Geneva,  111. 

Stoelting  Co.,  C.  H.,  4 24  N.  Homan  Ave., 
Chicago,  111. 

Stokes  Rubber  Co.,  Jos.,  Taylqr  & Webster 
Sts..  Trenton,  N.  J. 

Times  Telephoto  Equipment,  Inc.,  229  West 
4 3rd  St.,  New  York,  N.  Y. 

Welch  Scientific  Co.,  W.  M.,  1515  Sedgwick 
St.,  Chicago  10,  HI. 


Forms. 


COIL  FORMS 

Accurate  Spring  Mfg.  Co..  3S11  w.  I,ake 
St..  Chicago,  111. 


Alden  Products  Co.,  117  North  Main  St., 
Brockton  64,  Mass. 

American  Lava  Corp.,  Kruesi  Bldg.,  Chat- 
tanooga 5,  Tenn. 

American  Phenolic  Corp.,  1830  S.  54th 
Ave.,  Chicago  50,  111. 

Auburn  Mfg.  Co.,  110  Stack  St,  Middle- 
town,  Conn. 

Automatic  Mfg.  Co.,  900  Passaic  Ave..  E. 
Newark,  N.  J. 

Barker  & Williamson,  235  Fairfield  Ave, 
Upper  Darby,  Pa. 

Bud  Radio  Inc.,  2118  E.  55th  St..  Cleve- 
land 3,  Ohio 

Centralab,  Div.  of  Globe  Union,  Inc..  SCO 
E.  Keefe  Ave.,  Milwaukee.  1,  Wist. 
Continental-Diamond  Fibre  Co.,  16  Chapel 
St.,  Newark,  Del. 

Corning  Glass  Works,  Corning.  N.  Y. 
Creative  Plastics  Corp.,  963  Kent  Ave.. 
Brooklyn,  N.  Y. 

Crowley  & Co.,  Inc.,  Henry  L.,  1 Central 
Ave.,  West  Orange,  N.  J. 

DX  Crystal  Co.,  1200  N.  Claremont  Ave.. 
Chicago  22,  111. 

Electrical  Insulation  Co.,  Inc.,  12  Vestry 
St,  New  York,  N.  Y. 

Electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J. 

Essex  Electronics,  1060  Broad  St.,  New- 
ark 2,  N.  J. 

General  Ceramics  & Steatite  Corp.,  Keas- 
bey.  N.  J.  ... 

General  Winding  Co.,  420  West  45th  St., 
New  York,  N.  Y. 

Gits  Molding  Corp..  4600  Huron  St,  Chl- 

Hammariund  Mfg.  Co..  Inc.,  460  W.  34th 
St,  New  York  1.  N.  Y. 

Hawley  Products  Co.,  St  Charles.  111. 
Haydu  Bros.,  Mt  Bethel  Rd.,  Plainfield. 

N.  J. 

Insulator  Tube  Co.,  Inc.,  26  Cottage  St, 
P.  O.  Box  1,  Poughkeepsie,  N.  Y. 
Insullne  Corp.  of  America,  36-02  35th  Avt., 
Long  Island  City,  N.  Y. 

Isolantite,  Inc.,  343  Cortlandt  St,  Belle- 
ville 9,  N.  J. 

Johnson  Co.,  E.  F.,  Waseca,  Minn- 
Lenoxite  Div.  Lenox,  Inc.,  65  Prince  St., 
Trenton,  N.  J. 

Malco  Co..  Inc.,  25  North  3rd  St,  Minne- 

Mlca^au’laU)'"  Co.,  797  Broadway.  Sche- 
nectady  1 N Y. 

Millen  Mfg.  Co'.,  James,  ISO  Exchange  St., 

Malden,  Mass.  „ . , Cl 

Munsell  & Co.,  Eugene,  200  Varlek  St., 
New  York,  N.  Y.  „A 

Mycalex  Corp.  of  America,  60  Clifton 
Blvd.,  Clifton,  N.  J.  „ 

Mykroy,  Inc.,  1917  N.  Springfield  ■ 
Chicago  47,  111.  ..  M,. 

National  Co.,  61  Sherman  St,  Malden. 

Natlonafpabricated  Products,  2650  Belden 
Ave.,  Chicago  47.  111.  Q, 

National  Tile  Co.,  1200  EaRt  26th  wt.. 

Anderson,  Ind.  , _ 

National  Vulcanized  Fibre  Co..  ManuM 
Ave.,  Wilmington.  Del. 

New  England  Radiocrafters,  1156  Com 
monwealth  Ave.,  Boston  34.  Mas 
Northern  Industrial  Chemical  Co.. 

Elkins  St.,  So.  Boston,  Mass. 

Pacific  Clay  Products  Co..  306  West  A e 
nue  26,  Los  Angeles  31,  Calif.  ...  . 
Parker  Engineering  Prods.  Co.. 

22nd  St..  New  York  10,  N.  »•  . 

Phllmore  Mfg.  Co..  113  University  ru 
New  York,  N.  Y. 

Plastic  Manufacturers.  Inc.,  Stamioru. 

Plax  Corp.,  133  Walnut  St..  Hartford 

Precision  Paper  Tube  Co.,  2033  W.  Char 
leston  St.,  Chicago  47,  111. 
Saxonburg  Potteries,  Saxonburg,  P 
Small  Motors,  Inc.,  1322  Elton  A'  •. 

cago  22,  111.  Ton. 

Spaulding  Fibre  Co.,  310  Wheeler  St.. 
a w- n nH  n XT  Y 

Spoor  ReZor  Corp.,  St.  Mary*.  Pa 
Stokes  Rubber  Co.,  Jos.,  Taylor  & 

Sts.,  Trenton,  N.  J. 

Taylor  Fibre  Co.,  Norristown,  Pa. 
Thomas  & Sons  Co..  R..  Lisbon.  Ohio 
Ucinlte  Corp..  459  Watertown  St. 

tonville.  Mass.  . s «;t . 

United -Carr  Fastener  Corp..  31  Atne- 

Cambridge  42,  Mass.  w Ar- 

Vlctory  Manufacturing  Co..  **•- 

cade  Place.  Chicago  12,  «■-  pj  ts. 
Westinghouse  Electric  Corp.,  La- 
burgh.  Pa. 
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II  ELECTRONIC  and  ALLIED  PRODUCTS 


Fuses. 


Aireon  Manufacturing?  Corp.,  Fairfax  ft 
■ Funston  Rds.,  Kansas  City  15,  Kans. 

Automatic  Electric  Co.,  1033  West  Van 
Buren  St,  Chicago  7,  111. 

Bussmann  Mfg.  Co.,  University  at  Jeffer- 
! son,  St.  Louis  7,  Mo. 

Chase-Shawmut  Co.,  Newburyport,  Mass. 

Cook  Electric  Co.,  2700  Southport  Ave., 
Chicago,  111. 

Eagle  Electric  Mfg.  Co.,  Inc.,  23-10  Bridge 
Plaza  S.,  Long  Island  City,  N.  Y. 

Foote  Pierson  ft  Co.  Inc.,  75  Hudson  St, 
Newark  4,  N.  J. 

General  Electric  Co.,  Bridgeport,  Conn. 

Littelfuse,  Inc.,  4755  Ravenswood  Ave., 
Chicago,  111. 

Monarch  Fuse  Co.,  Ltd.,  Jamestown,  N.  Y. 

Philmore  Mfg.  Co.,  113  University  PI., 
New  York,  N.  Y. 

Pierce  Renewable  Fuses  Inc.,  211  Hertel 
Ave.,  Buffalo  7,  N.  Y. 

WYstinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa 

York  Wire  ft  Cable  Div.,  General  Electric 
Co.,  Bridgeport,  Conn. 


Shakeproof,  Inc.,  2501  N.  Keeler  Ave., 
Chicago  39,  111. 

Teleoptic  Co.,  1241  Mound  Ave.,  Racine, 
Wise. 


Galvanometers _ 


Gases. 


GASES.  BABE 

Air  Reduction  Sales  Co.,  60  East  42nd  St., 
New  York,  N.  Y. 

American  Gas  & Chemical  Co.,  360  War- 
ren  St.,  Harrison,  N.  J. 

Giannini  ft  Co.,  Inc.,  G.  M.,  161  California 
_ St,  Pasadena,  Calif. 

Linde  Air  Products  Co.,  30  E.  42nd  St., 
New  York  17,  N.  Y. 


Gouges,  Strain. 


Gears,  Precision. 


Generators. 


American  Instrument  Company,  Silver 
Springs,  Md. 

uaidwin-Locomotive  Works,  Eddy  8 tone, 
t.  Pa. 

Brush  Development  Co.,  3405  Perkins  Ave., 

„ Cleveland  14,  Ohio 

Consolidated  Engineering  Corp.,  595  E. 

Colorado  St,  Pasadena  1,  California 
Foxboro  Co.,  Foxboro,  Mass. 

General  Electric  Co.,  Schenectady  5,  X.  Y. 
Giannini  & Co.,  Inc.,  C.  M.,  161  E.  Cali- 
rnla  st*.  Pasadena,  Calif. 

Hathaway  Instrument  Company,  1315  S. 

Clarkson  St,  Denver  10.  Colorado 
Metzfer  ft  Son,  F.  F..  2600  North  Sixth 
ni.  SL'  Philadelphia  S3,  Pa. 

, Machine  Company,  Phila- 

„ dejPhla,  Pa. 

Whitney  Div.,  Niies-Bement-Fond 
„ ,c°-.  West  Hartford,  Conn, 
aaxi  Instrument  Company,  38-40  James 
Providence  14,  R.  I. 

ot arret t Company,  L.  S„  165  Crescent  St, 
...  Athol,  Mass. 

au5h  Dlv*  of  Waugh  Equipment 

CO-i  420  Lexington  Ave.,  New  York, 
17,  N.  Y. 


Ace  Mfg  Corp.,  125B  E.  Erie  Ave.,  Phila- 
„ oeiphia,  Pa. 

0e?r  Works  Inc.,  Rockford,  111. 
ar„®pecWtiea,  2635  W.  Medill  Ave., 
Gr.„Ch«?BO  4?.  Ill- 

ra>l„Mfg  Co.,  16-30  Arbor  St,  Hart- 
. rofd,  Conn. 

: o1tr\f,ricor'>orate<I,  Piqua,  Ohio 

kcago'l0°ln126°  clybourn  Ave-.  Chi- 
* Specialty  Co.,  2030  E.  West- 
Perkm^ r*Jfn4.,st-  Philadelphia  34,  Pa. 

, re>™»  Machine  ft  Gear  Co.,  130  Circuit 

Pr,.AIec,  Springfield,  Mass. 

r.  WhlOmy  Div.,  Niles-Bement-Pond 
Quaker'  Hartford  1,  Conn. 

^ City  Gear  Works,  1010-32  N. 
, Front  St.,  Philadelphia,  Pa. 

» 
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DYNAMOTOBB.  BOTABY  CONVEBTEBS 

Air-Way  Electric  Appliance  Corp.,  2101 
Auburn  Ave.,  Toledo,  Ohio 
Alliance  Mfg.  Co.,  Lake  Park  Blvd.,  Alli- 
ance, Ohio 

Allis  Co.,  Louis,  427  E.  Stewart  St.,  Mil- 
waukee 7,  wise. 

Allis  Chalmers  Mfg.  Co.,  Milwaukee  1, 

Wise. 

Anco  Products  Corp.,  Paterson,  N.  J. 
Bendix  Aviation  Corp.,  Pacific  Div.,  11600 
Sherman  Way,  North  Hollywood, 
Calif. 

Bogue  Electric  Co.,  Paterson,  N.  J. 
Branston  Electric  Mfg.  Co.,  61-65  Gill 
Place.  Buffalo  13,  N.  Y. 

Burke  Electric  Co.,  12th  & Cranberry  Sts., 
Erie,  Pa. 

Carson  Machine  ft  Supply  Co.,  Box  4547, 
Oklahoma  City  9,  Okla. 

Carter  Motor  Co.,  1606  Milwaukee  Ave., 
Chicago  47,  111. 

Caterpillar  Tractor  Co.,  Peoria  8,  111. 
Century  Electric  Co.,  1806  Pine  St.,  St. 
Louis  3,  Mo. 

Columbia  Electric  Mfg.  Co.,  4519  Hamil- 
ton Ave.,  N.  E.,  Cleveland  14,  Ohio 
Communications  Equipment  Corp.,  134  W. 

Colorado  St.,  Pasadena  1,  Calif. 
Continental  Electric  Co.,  Inc.,  326  Ferry 
St.,  Newark  5,  N.  J. 

Crocker-Wheeler  Elec.  Mfg.  Co.,  Div.  of 
Joshua  Hendy  Iron  Works,  Ampere, 
N.  J. 

Diehl  Mfg.  Co.,  Flnderne  Plant,  Somer- 
ville, N.  J. 

Eastern  Air  Devices,  Inc.,  585  Dean  St, 
Brooklyn  17,  N.  Y. 

Eclipse-Pioneer  Div.,  Bendix  Aviation 
Corp.,  Teterboro,  N.  J. 

Eicor,  Inc.,  1501  W.  Congress  St.,  Chi- 
cago 7,  111. 

Electric  Indicator  Co.,  21  Parker  Ave., 
Stamford,  Conn. 

Electric  Products  Co..  1725  Clarkstone 
Road,  Cleveland  12,  Ohio 
Electric  Specialty  Co.,  211  South  St., 
Stamford,  Conn. 

Electrical  Engrg.  ft  Mfg.  Corp.,  4606  W. 

Jefferson  Blvd.,  Los  Angeles  16,  Calif. 
Electrolux  Corp.,  Old  Greenwich,  Conn. 
Engineering  Laboratories,  Inc.,  602  East 
Fourth  St.,  Tulsa  3,  Okla. 

Eureka  Vacuum  Cleaner  Co.,  Detroit, 
Michigan 

Fidelity  Electric  Co.,  332  No.  Arch  St., 
Lancaster,  Pa. 

Fisher  Research  Laboratory,  1961  Univer- 
sity Ave.,  Palo  Alto,  Calif. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Gibbs  ft  Co.,  Thomas  B.,  Div.  of  George  W. 
Borg  Corp.,  814  Michigan  St.,  Dela- 
van,  Wise. 

Holtzer-Cabot,  Signal  Div.,  400  Stuart  St., 
Boston  17,  Mass. 

Homelite  Corp.,  Port  Chester,  N.  Y. 
Imperial  Electric  Co.,  84  Ira  Ave.,  Akron 
1.  Ohio  _ _ , 

Janette  Mfg.  Co.,  556  W Monroe  St,  Chi- 
cago 40,  111.  „ 

Kato  Engineering  Co.,  530  N.  Front  St., 
Mankato,  Minn. 

L A.  B.  Corp.,  Summit,  N.  J. 

Lear,  Incorporated.  Piqua,  Ohio 
Leland  Electric  Co.,  1501  Webster  St, 
Dayton,  Ohio 

Master  Electric  Co.,  126  Davis  Ave.,  Day- 
ton,  Ohio 

MIdco  Mfg.  & Distr.  Co.,  Sheboygan,  Wis 
National  Mineral  Co.,  2628  N.  Pulaski 
Rd.,  Chicago  39,  111. 

Onan  ft  Sons,  D.  W.,  3264  Royalston  Ave., 
Minneapolis  5,  Minn. 

Penn  Boiler  ft  Burner  Mfg.  Corp.,  Fruit- 
ville  Road,  Lancaster,  Pa. 

Pioneer  Gen-E-Motor  Corp.,  5841  W.  Dick- 
ens Ave.,  Chicago  39,  111. 

Quality  Electric  Co.,  Ltd.,  1235  East  Olym- 
pic Bldg.,  Los  Angeles  21.  Calif. 
Redmond  Co.  Inc.,  Monroe  St,  Owosso, 
Mich. 

Reliance  Electric  & Engrg.  Co.,  Ivanhoe 
Rd.,  Cleveland  10,  Ohio 
Robbins  ft  Myers,  1345  Lagonda  Ave., 
Springfield,  Ohio 

Russell  Electric  Co.,  364  W.  Huron  St., 
Chicago  10,  111. 


Scientific  Service  Laboratories,  2225  So. 
Hoover  St,  Los  Angeles  7,  Calif. 

Sheridan  Electronics  Corp.,  28b0  8.  Mich- 
igan Ave.,  Chicago,  111  . 

Small  Motors,  Inc.,  1322  Elston  Ave.,  Chi- 
cago 22,  111. 

Stockwell  Transformer  Corp.,  669  S.  Main 
St.,  Akron,  Ohio 

Trav-Ler  Karenola  Radio  ft  Television 
Corp.,  571  W.  Jackson  Blvd.,  Chicago, 
111. 

Webster  Chicago  Corp.,  Electronics  Div., 
3825  Armltage  Ave.,  Chicago  47,  111. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wlncharger  Corp.,  7th  ft  Division,  Sioux 
City,  Iowa 

Wyse  Laboratories,  211  S.  Ludlow  St, 
Dayton,  Ohio 

GAS  AND  HAND-DRIVEN  GENERATORS 

Burke  Electric  Co.,  12  ft  Cranberry  Sts., 
Erie.  Pa. 

Carter  Motor  Co.,  1606  Milwaukee  Ave., 
Chicago  47,  III. 

Connecticut  Telephone  & Electric  Div.  of 
Great  American  Industries,  Inc.,  70 
Brittanla  St.,  Meriden,  Conn. 

Continental  Electric  Co.,  Inc.,  325  Ferry 
St.,  Newark  5,  N.  J. 

Delco  Appliance  Div.,  General  Motors 
Corp.,  391  Lyell  Ave.,  Rochester, 
N.  Y. 

Eclipse-Pioneer  Div.,  Bendix  Aviation 
Corp.,  Teterboro,  N.  J. 

Electric  Specialty  Co.,  211  South  St, 
Stamford,  Conn. 

Electrical  Engrg.  ft  Mfg.  Corp.,  4606  W. 
Jefferson  Blvd.,  Los  Angeles  16,  Calif. 

Fidelity  Electric  Co.,  332  N.  Arch  St, 
Lancaster,  Pa, 

General  Electric  Co.,  Schenectady  6,  N.  Y. 

General  Television  ft  Radio  Corp..  2701 
N.  Lehman  Ct.,  Chicago  14,  111. 

Homelite  Corp.,  Port  Chester,  N.  Y. 

Imperial  Electric  Co.,  84  Ira  Ave.,  Akron 
1,  Ohio  ^ 

Kato  Engineering  Co.,  530  N.  Front  St, 
Mankato,  Minn. 

Midco  Mfg.  ft  Distributing  Co.,  S.  13th  & 
Kentucky  Ave.,  Sheboygan,  Wis. 

National  Mineral  Co.,  2628  N.  Pulaski 
Rd.,  Chicago  39,  111. 

Onan  ft  Sons,  D.  W.,  3264  Royalston  Ave., 
Minneapolis  5,  Minn. 

Pioneer  Gen-E-Motor  Corp.,  5841  W.  Dick- 
ens Ave.,  Chicago  39,  III 

Quality  Electric  Co.,  Ltd.,  1235  Olympic 
Blvd.,  Los  Angeles  21,  Calif. 

Small  Motors,  Inc.,  1322  Elston  Ave.,  Chi- 
cago 22,  111. 

Warwick  Mfg.  Corp.,  4640  W.  Harrison 
St,  Chicago,  111. 

SIGNAL  GENERATORS 

Airadio,  Inc.,  Stamford,  Conn. 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Barker  ft  Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Belmont  Radio  Corp.,  5921  W.  Dickens 
Ave., -Chicago,  IlL 

Bendix  Aviation  Corp.,  Marine  Div.,  1 
Hanson  Place,  Brooklyn,  N.  Y. 

Bendix  Radio  Div.,  Bendix  Aviation  Corp., 
Baltimore  4,  Md. 

Boonton  Radio  Corp.,  Boonton,  N.  J. 

Carron  Mfg.  Co.,  415  S.  Aberdeen  St., 
Chicago,  111. 

Clough-Brengle  Co.,  5501  N.  Broadway, 
Chicago  22,  IlL 

Control  Corp.,  600  Stinson  BlVd.,  Minne- 
apolis, Minn. 

Day co  Radio  Corp.,  915  Valley  St,  Day- 
ton  4,  Ohio 

Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

Eastern  Specialty  Co.,  3617  N.  Eighth  St, 
Philadelphia  40,  Pa. 

Electric  Indicator  Co.,  21  Parker  Ave., 
Stamford,  Conn. 

Espey  Mfg.  Co.,  Inc.,  33  West  46th  St, 
New  York  19,  N.  Y. 

Fada  Radio  ft  Electric  Co.,  Inc.,  30-20 
Thomson  Ave.,  Long  Island  City, 
N Y. 

Federal  Mfg.  & Engineering  Coi£.,  199-217 

Steuben  St,  Brooklyn  N Y 

Ferris  Instrument  Co.,  110-112  Cornelia 
St,  Boonton,  N.  J. 

Freed  Radio  Corp..  200  Hudson  St.,  New 
York.  N.  Y. 

General  Communication  Co.,  530  Common- 
wealth Ave.,  Boston  16,  Mass. 
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General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Grenby  Mfg.  Co.,  Plainville,  Conn. 

Harvey-Wells  Electronics,  Inc.,  North 
St.,  Southbridge,  Mass. 

Hewlett-Packard  Co.,  395  Page  Mill  Rd., 
Palo  Alto,  CaL 

Hlckok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 

Jackson  Electrical  Instrument  Co.,  6-18  S. 
Patterson  Blvd.,  Dayton  1,  Ohio 

Knickerbocker  Development  Corp.,  116 
Little  St.,  Belleville  9,  N.  J. 

Lew^t  Corp.,  60  Broadway,  Brooklyn, 

Madison  Electrical  Products  Corp.,  Madi- 
son, N.  J. 

Measurements  Corp.,  Boonton,  N.  J. 

Megard  Corp.,  1601  S.  Burlington  St., 
Los  Angeles  6,  Calif. 

Meissner  Mfg.  Div.,  Maguire  Industries, 
Inc.,  Mt.  Carmel,  111. 

Monarch  Mfg.  Co.,  2014  N.  Major  Ave., 
Chicago,  111. 

National  Mineral  Co.,  2628  N.  Pulaski 
Rd..  Chicago  39,  111. 

Pacific  Electronics,  Sprague  at  Jefferson 
St.,  Spokane,  wash. 

Packard  Bell  Co.,  1115  So.  Hope  St.,  Los 
Angeles,  Calif. 

Philharmonic  Radio  Corp.,  528  E.  72nd 
St.,  New  York  21,  N.  V. 

Precision  Apparatus  Co.,  92-27  Horace 
Harding  Blvd.,  Elmhurst,  N.  Y. 

Radex  Corp.  of  America,  53  West  Jackson 
Blvd..  Chicago  4,  111. 

Radio  City  Products  Co.,  127  W.  26th  St., 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radio  Design  Co.,  1353  Sterling  IPlace, 
Brooklyn,  N.  Y. 

Reiner  Electronics  Co.,  152  West  25th  St., 
New  York,  N.  Y. 

Remler  Co.,  Ltd.,  2101  Bryant  St.,  San 
Francisco  10,  Cal. 

Richardson-Alien  Corp.,  15  West  20th  St., 
New  York  11,  N.  Y. 

Rieber,  Inc.,  Frank,  11916  W.  Pico  Blvd 
Los  Angeles  34,  Calif. 

Scientific  Radio  Products  Co.,  738  W 
Broadway,  Council  Bluffs,  Iowa 

Signal  Electronic  & Mfg.  Co.,  114  East 

„ 16  th  Street,  New  York  3,  N.  Y. 

Simpson  Electric  Co.,  6218  W.  Klnzle  St., 
Chicago  44,  111. 

Sperry  Gyroscope  Co.,  Manhattan  Bridge 
Plaza,  Brooklyn  1,  N.  Y. 

Superior  Instruments  Co.,  227  Fulton  St  . 
New  York  7,  N.  Y. 

Technical  Devices  Corp.,  Beaufort  & 
Eagle  Rock  Aves.,  Roseland,  N.  J. 

Transmitter  Equipment  Mfg.  Co.,  Inc.,  345 
Hudson  St,  New  York  14,  N.  Y. 

Triplett  Electrical  Instrument  Co.,  286 
Harmon  Rd.,  Bluffton,  Ohio 

Triumph  Mfg.  Co..  913  W.  Van  Buren  St., 
Chicago  7,  111. 

United  CInephone  Corp.,  65  New-  Litch- 
field  St,  Torrington,  Conn. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

White  Research,  899  Boylston  St,  Boston, 
Mass. 


SQUARE  WAVE  GENERATORS 


Hewlett-Packard  Co.,  395  Page  Mill  Rd., 
Palo  Alto,  Calif. 

Hlckok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 

Measurements  Corp.,  Boonton,  New  Jer- 
sey 

Megard  Corp.,  1601  S.  Burlington  St.,  Los 
Angeles  6,  Calif. 

Philharmonic  Radio  Corp.,  528  E.  72nd 
St,  New  York  21,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Reiner  Electronics  Co.,  152  West  25th  St, 
New  York,  N.  Y. 

Richardson -Allen  Corp.,  15  West  20th  St, 
New  York  11,  N.  Y. 

Transmitter  Equipment  Mfg.  Co.  Inc.,  346 
Hudson  St,  New’  York  14,  N.  Y. 

White  Research,  899  Boylston  St.,  Boston, 
Mass. 


Geophysical  Apparatus 

Associated  Research,  Inc.,  231  S.  Green 
St.,  Chicago  7,  111. 

Atlas  Exploration  Co.,  1911  West  Ala- 
bama, Houston  6,  Texas 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Brush  Development  Co.,  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 

Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 

Engineering  Laboratories,  Inc.,  602  E. 
Fourth  St,  Tulsa  3,  Okla. 

Ferranti  Electric.  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Fisher  Research  Lab.,  1961  University 
Ave.,  Palo  Alto,  Calif. 

Geophysical  Instrument  Co.,  Key  Blvd.  & 
Nash  St,  Arlington,  Va. 

Hathaway  Instrument  Co.,  1315  S.  Clark- 
son St.,  Denver  10,  Colo. 

Heiland  Research  Corp.,  130  East  Fifth 
St.,  Denver  9,  Colo. 

Illinois  Testing  Laboratories,  Inc.,  420 
N.  La  Salle  St.,  Chicago,  111. 

Mioo  Instrument  Co.,  80  Trowbridge  St, 
Cambridge  38,  Mass. 

Miller  Corp.,  Wm.,  362  W.  Colorado  St., 
Pasadena,  Calif. 

Technical  Products  Co.,  158  Madison  Ave. 
at  Third  St.,  Memphis,  Tenn. 

Western  Geophysical  Co.,  711  Edison 
Bldg.,  Los  Angeles  11,  Calif. 

White  Research,  899  Boylston  St.,  Boston, 
Mass. 


Getters 

King  Laboratories.  Inc.,  205  Oneida  St, 
Syracuse  4,  N.  Y. 

Kemet  Laboratories  Co.,  Inc.,  West  117th 
St.  & Madison  Ave.,  Cleveland  1,  Ohio 
Radio  Corp.  of  America,  RCA  Victor  Div., 
Harrison,  N.  J. 


Glass  Insulation. 


American  Radio  Co.,  611  E.  Garfield  Ave., 
Glendale,  Calif. 

AmPNe\v  York*  j^merica’  396  Broadway, 

Audi&  Tpne  Oscillator  Co.,  237  John  St 
Bridgeport  3,  Conn.  ’ 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Belmont  Radio  Corp.,  521  W.  Dickens 
Ave.,  Chicago,  111. 

Browning  Labs.,  Inc.,  750  Main  St.,  Win- 
chester, Mass. 

DuMont  Laboratories,  Inc.,  Allen  B 2 
Main  Ave.,  Passaic,  N.  J.  ’’ 

Eastern  Electronics  Corp.,  41  Chestnut 
St,  New  Haven,  Conn. 

Espey  Mfg.  Co  Inc  33  West  46th  St, 
New  York  19.  N.  Y. 

Fada  Radio  & Electric  Co.,  Inc.,  30-20 
Thomson  Ave.,  Long  Island  City, 

General  Communication  Co.,  530  Common- 
wealth Ave.,  Boston  16,  Mass. 

General  Electric  Co.,  Schenectady  5.  N.  Y 

General  Radio  Co.,  276  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Grenby  Mfg.  Co.,  Plainville,  Conn. 

Herbach  & Rademan  Co.,  Mfg.  Div.,  517 
Ludlow  St,  Philadelphia  6,  Pa. 


see  Insolation,  Glass 


Glass — Metal  Sealing 

Corning  Glass  Works,  Corning,  N.  Y. 
I'olan  Industries,  Huntington  19,  West  Va. 


Glass  Tubing _ 

see  Tubing,  Glass 


Graphite. 


COLLOIDAL  GRAPHITE 


Acheson  Colloids  Corp.,  Port  Huron.  Mie 
Asbury  Graphite  Mills,  Asbury,  N J 
General  Cement  Mfg.  Co.,  919  Taylor  Av< 
rtockiord,  111. 

Grafo  Colloids  Corp.,  Sharon,  Pa. 


Harnesses . 


WIRE  HARNESSES 

Air  Shields,  Inc.,  Hatboro,  Pa. 
Aircraft-Marine  Products,  Inc.,  1523  N. 

Fourth  St,  Harrisburg,  Pa. 
Aircraft  Products  Co.,  3502  E.  Pontiac 
St,  Fort  Wayne,  Ind. 

Airplane  & Marine  Instruments,  Inc., 
Clearfield,  Pa. 

Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 

Alpha  Wire  Corp.,  50  Howard  St,  New 
York,  N.  Y. 

American  Electric  Cable  Co.,  Holyoke, 


American  Phenolic  Corp.,  1830  S.  54th 
Ave.,  Chicago  50,  I1L 
Ansonia  Electrical  Co.,  Ansonla,  Conn. 
Aray  Mfg.  & Supply  Co.,  3107  Pine  St, 
St  Louis  3,  Mo. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Belden  Mfg.  Co.,  4647  W.  Van  Buren  St, 
Chicago  44,  111. 

Branston  Electric  Mfg.  Co.,  61-65  Gill 
Place,  Buffalo  13,  N.  Y. 

Cole-Hersee  Co.,  54  Old  Colony  Ave.,  Bos- 
ton 27,  Mass. 

Columbia  Wire  & Supply  Co.,  4106  N.  Pu- 
laski Road,  Chicago  41,  HI. 

Concord  Radio  Corp.,  901  W.  Jackson 
Blvd.,  Chicago,  111. 

Crescent  Co.,  Pawtucket,  R.  L 
Diamond  Instrument  Co.,  North  Ave., 
Wakefield,  Mass. 

Eagle  Electric  Mfg.  Co.,  23-10  Bridge 
Plaza  S.,  Long  Island  City,  N.  Y. 
Eastern  Electronics  Corp.,  41  Chestnut 
St.,  New’  Haven,  Conn. 

Eastern  Specialty  Co.,  3617  N.  Eighth  St, 
Philadelphia  40,  Pa. 

Eby,  Inc.,  Hugh,  H.,  18  W.  Chelton  Ave., 
Philadelphia  13,  Pa. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 
Electric  Auto-Lite  Co.,  Wire  & Cable  Div., 

Port  Huron,  Mich.  

Electronic  Supply  Co.,  207  Main  St.,  Wor- 

npqtpr  a uc 

Essex  Wire  Corp.,  1601  Wall  St.,  Fort 
Wayne,  Ind. 

General  Motors  Corp.,  Packard  Electric 
Div.,  Warren,  Ohio 

Holyoke  Wire  & Cable  Co.,  Holyoke  Mass 
Insuline  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y. 

J.  F.  D.  Mfg.  Co.,  4111  Fort  Hamilton 
Pkwy.,  Brooklyn,  N.  Y. 

Jefferson,  Inc.,  Ray,  40  E.  Merrick  Rd., 
Freeport,  L.  I.,  N.  Y.  _ ... 

Jefferson  Travis  Radio  Mfg.  Con?-,  245 
East  23rd  St,  New  York  10,  N.  J 
Kellogg  Switchboard  & Supply  Co.,  66o0 
S.  Cicero  Ave.,  Chicago  38,  111. 
Kraft  & Kraft,  Peekskill,  New  York 
Kulka  Electric  Mfg.  Co..  Inc.,  30  South 
St.,  Mt.  Vernon,  N.  Y.  __  . „ 

Lenz  Electric  Mfg.  Co.,  1751  N.  Western 
Avenue,  Chicago  47,  111. 

Lewis  Engineering  Co.,  52  Rubber  A'e., 
Naugatuck,  Conn.  „ . . „ 

Lewyt  Corp.,  60  Broadway,  Brookljn. 

N.  Y. 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif.  1 
Meissner  Mfg.  Div.,  Maguire  Industries 
Inc.,  Mt  Carmel,  111.  . 

National  Varnished  Products  Corp., 
Randolph  Ave.,  Woodbridge,  N. 
Packard  Electric  Div.,  General  Motor. 

Corp.  .Warren,  Ohio 
Paranite  Wire  & Cable  Div.,  Essex  'Mre 
Corp.,  Fort  Wayne  6,  Ind. 
Radiotechnic  Laboratory,  1328  Sherma 
Ave.,  Evanston,  111.  ,.fh 

Richardson-Alien  Corp.,  15  West  ZUi 
St,  New  York  11,  N.  Y. 

Schott  Co.,  Walter  L.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif.  . , _ 
Sherron  Electronics  Co.,  1201  flushing 
Ave.,  Brooklyn  6,  N.  Y.  (test  equ  P 

Union  Aircraft  Products  Com.  380  Sec- 
ond Ave.,  New’  York,  N.  Y.  .. 

United  States  Rubber  Co.,  1230  Six 
Ave.,  New  York  20,  N.  Y.  f ,, 
Wallace  Mfg.  Co.,  Wm.  T.,  Chill  A Madt 
son  Aves.,  Peru,  Ind.  v _ 

Whitney-Blake  Co.,  Dixwell  Ave..  *ew 
Haven  4,  Conn.  Karlas 

Whittaker  Cable  Corp.,  North  Kan.  a. 

Wood* Electric  Co.,  Inc.,  C.  D.,  826  Broad- 
way. New  York  3.  N.  Y. 

Wyse  Laboratories,  211  S.  Ludlow 
Dayton  2,  Ohio 
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I,  ELECTRONIC  and  ALLIED  PRODUCTS 


Headphones- 


Automatic  Electric  Co.,  1033  W.  Van  Bu- 
ren  St.,  Chicago  1,  111. 

Aviometer  Corp.,  370  West  35th  St,  New 
York  1,  N.  Y. 

Brush  Development  Co.,  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 

Cannon  Co.,  C.  F.,  Sprlngwater,  N.  Y. 

Connecticut  Telephone  & Electric  Div.  of 
Great  American  Industries,  70  Brit- 
annia St,  Meriden,  Conn. 

Consolidated  Radio  Products  Co.,  350  W. 
Erie  St,  Chicago  10,  111. 

Eby  Co.,  Hugh  H.,  18  W.  Chelton  Ave., 
Philadelphia  13,  Pa. 

Federal  Telephone  & Radio  Corp.,  591 
Broad  St,  Newark,  N.  J. 

Kellogg  Switchboard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 

Maico  Co.,  Inc.,  25  North  3rd  St.,  Minne- 
apolis, Minn. 

Miles  Reproducer  Co,  Inc.,  812  Broadway, 
New  York,  N.  Y. 

Murdock  Mfg.  Co.,  William  J.,  Chelsea, 

Myers  & Sons,  E.  A.,  Radioear  Bldg.,  Mt. 
Lebanon,  Pittsburgh,  Pa. 

National  Scientific  Products  Co.,  5013  N. 
Kedzie  Ave.,  Chicago  25,  111. 

Permoflux  Corp.,  4900  W.  Grand  Ave., 
Chicago,  111. 

Philmore  Mfg.  Co.,  113  University  PL, 
New  York,  N.  Y. 

Presto  Recording  Corp.,  *242  West  55th 
St,  New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radio  Speakers,  Inc.,  221  E.  Cullerton  St, 
Chicago,  111. 

Shure  Brothers,  225  W.  Huron  St.,  Chi- 
cago, 111. 

Sonotone  Corp.,  P.  O.  Box  200,  Saw  Mill 
Rd.,  Elmsford,  N.  Y. 

Speak-O-Phone  Recording  A Equipment 
Co.,  23  W.  60  St,  New  York,  N.  Y. 

Telex  Products  Co.,  Telex  Park,  Minne- 
apolis, Minn. 

Telephonies  Corp.,  350  West  31st  St.,  New 
York,  N.  Y. 

Tibbetts  Laboratories,  Camden,  Maine 

Trimm,  Inc.,  1770  W Berteau  Ave.,  Chi- 
cago 13,  111. 


Heads.  Cutting. 


•ee  Recorders — Sound 


Heating.  Electronic. 
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Illinois  Tool  Works,  2501  N.  Keeler  Ave., 
Chicago  39,  I1L 

Induction  Heating  Corp..  389  Lafayette 
St,  New  York,  N.  Y.  (Dielectric  & 
Induction) 

Intra-Therm  Corp.,  Third  & Keo  Way, 
Des  Moines  9,  Iowa 
Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Kahle  Engineering  Co.,  1307  Seventh  St, 
North  Bergen,  N.  J. 

Lepel  High  Frequency  Laboratories,  39 
West  60th  St..  New  York,  N.  Y.  (Di- 
electric & Induction) 

Megard  Corp..  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif,  (Dielectric  & Induc- 
tion) 

Ohio  Crankshaft  Co.,  3800  Harvard  Ave., 
Cleveland  1,  Ohio  (Induction) 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J.  (Dielectric  & Induc- 
tion) 

Radio  Craftsmen,  1341  S.  Michigan  Ave., 
Chicago  5,  111. 

Radio  Receptor  Co.,  251  West  19th  St, 
New  York  11,  N.  Y.  (Dielectric) 
Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass.  (Dielectric  & Induction) 
Remler  Co.,  Ltd.,  2101  Bryant  St,  San 
Francisco  10,  Calif. 

Scientific  Equipment  Div.  of  "S"  Corru- 
gated Quenched  Gap  Co.,  Ill  Monroe 
St,  Garfield,  N.  J.  (Dielectric  & In- 
duction) 

Shakeproof,  Inc.,  2501  N.  Keeler  Ave.,  Chi- 
cago 39,  I1L  (Dielectric) 

Sherron  Electronics  Co.,  1201  Flushing 
Ave.,  Brooklyn  6,  N.  Y. 

Sylvania  Electric  Products,  Inc.,  600  Fifth 
Ave.,  New  York  18,  N.  Y. 

Transmitter  Equipment  Mfg.  Co.,  Inc.,  345 
Hudson  St.,  New  York  14,  N.  Y.  (Di- 
electric) 

Universal  X-Ray  Products,  Inc.,  1800  N. 
Francisco  Ave.,  Chicago  47,  111.  (In- 
duction) , , 

Westinghouse  Electric  Corp.,  Industrial 
Electronics  & X-Ray  Div.,  Baltimore 
3,  Md.  (Dielectric  & Induction) 
Westinghouse  Electric  Corp.,  E.  Pitts- 
burgh, Pa.  , __ 

Weltronlc  Co.,  3080  E.  Outer  Drive,  De- 
troit, Mich. 


Holders. 


CRYSTAL  HOLDERS 

see  Crystals 


Horns. 


Aero  Communications,  Inc.,  231  Main  St, 
Hempstead,  Long  Island,  N.  Y. 

AJa*  Electrothermic  Corp.,  Ajax  Park, 
Trenton,  N.  J. 

Allis  Chalmers  Mfg.  Co.,  Milwaukee  1, 
Wise.  (Dielectric  & Induction) 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa.  (Dielectric  & Induc- 
tion) 

Belmont  Radio  Com.,  5921  W.  Dickens 

R,^v?-,ChIca*°  39'  ni* 

Bud  w.Induction  Heating,  Inc.,  Detroit, 
Mich. 

Cutler-Hammer,  Inc.,  316  North  12th  St, 
Milwaukee  1,  Wise.  (Dielectric) 
Cyelonics  Mfg.  Co..  Inc.,  3906  Hudson 
Blvd.,  Union  City,  N.  J. 

DeForest  Labs.,  Lee,  5106  Wilshire  Blvd., 
n,  Los.  An&eles,  Calif, 
uuramold  Div.  of  Fairchild  Engine  & Air- 
c.  Pjfh®  Co.,  Girts  Rd.,  Jamestown,  N.  Y. 
Lcco  High  Frequency  Electric  Corp.,  7020 
Hudson  Blvd.,  North  Bergen,  N.  J. 
(Induction) 

Electron  Equipment  Corp.,  917  Meridian 
PWAveV  South  Pasadena,  Calif. 

Electronic  Supply  Co.,  207  Main  St,  Wor- 

r.  , cester,  Mass. 

federal  Electric  Co.,  Inc.,  8700  South 
Chicago  19,  111. 

federal  Telephone  and  Radio  Corp.,  691 
P1  ®road  St,  Newark,  N.  J. 
nscher,  Robert  A.,  1720  Hillcrest  Ave., 
Glendale  2,  Calif. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Gird  & Dielectric) 

^rdler  Corp.,  Thermex  Div.,  224  E. 

Broadway,  Louisville  1,  Ky.  (Dielec- 
n.  tr*c) 

r\ey'^leBs  Electronics,  Inc.,  North  St, 
Hunt  A hQbrldgeA  Mass. 

L?  S^ns»  G-  C.,  5- 
Hale,  Pa. 


544  Hanover,  Car- 


SPEAKER  PROJECTOR  HORHS 

Altec  Lansing  Corp.,  1680  North  Vine  St, 
Los  Angeles  28,  Calif. 

Atlas  Sound  Corp.,  1443  39th  St.,  Brook- 
lyn N.  Y. 

Chicago  Sound  Systems  Co.,  2124  S.  Mich- 
igan Ave.,  Chicago,  111 

Electronic  Sound  Engineering  Co.,  109  N. 
Dearborn  St.,  Chicago  2,  III. 

Clnaudagraph  Speakers,  Inc..  3911  S. 
Michigan  Ave.,  Chicago,  111. 

Erwood  Co.,  223  W.  Erie  St.,  Chicago, 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogatlala,  Nebr. 

Hawley  Products  Co.,  St  Charles,  I1L  

Jensen  Radio  Mfg.  Co.,  6601  S.  Laramie 

Langevin  Canine’  *37  West  66th  Street, 
New  York,  N.  Y. 

Lifetime  Sound  Equipment  Co.,  1101 
Adams  St..  Toledo,  Ohio 

Miles  Reproducer^Cm,  Inc.,  812  Broadway, 

National  Scientific  Products  Co.,  6013  N. 
Kedzie  Ave.,  Chicago  26,  111. 

Olesen  Illuminating  Co.,  Ltd„  Otto,  1560 
Vine  St.,  Hollywood  28,  Calif. 

Operadlo  Mfg.  Co..  St  Charles,  I I. 

Racon  Electric  Co.,  Inc.,  62  E.  19th  St, 

Radlo"ecorp°of  America,  RCA  Victor  Div., 

Rauland  **Corp.,  4245  N.  Knox  Ave.,  Chi- 

Roserf^fc  Co.,  Raymond,  32nd  & Walnut 
Sts.,  Philadelphia  4,  Pa. 

SOS  Cinema  Supply  Co.,  449  West  42nd 
Street,  New  York  18,  N.Y. 

Signal  Engineering  & Mfg.  Co.,  164  West 
14th  Street,  New  York,  N.  Y. 


Simpson  Mfg.  Co.,  Inc.,  Mark,  188  W. 

Fourth  St.,  New  York,  N.  Y. 
University  Laboratories,  225  Varick  St., 
New  York,  N.  Y. 

Utah  Radio  Products  Co.,  820  Orleans 
Street,  Chicago,  111. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York,  N.  Y. 


Indicators. 


CAPACITOR  LEAKAGE  INDICATORS 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Cornell-Dubilier  Electric  Corp.,  1000  Ham- 
ilton Blvd.,  South  Plainfield,  N.  J. 

Eastern  Electronics  Corp.,  41  Chestnut 
St.,  New  Haven,  Conn. 

Electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nebr. 

H-W  Mfg.  Co.,  3124  Larga  Ave.,  Los  An- 
geles, Calif.  _ 

Hlckok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 

Industrial  Instruments,  Inc.,  156  Culver 
Ave.,  Jersey  City  5,  N.  J. 

Jackson  Electrical  Instrument  Co.,  16-18 
S.  Patterson  Blvd.,  Dayton  1,  Ohio 

Leeds  & Northrup  Co.,  4970  Stenton  Ave., 
Philadelphia  44,  Pa. 

Radio  City  Products  Co.,  127  West  26th 
St.,  New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 

Richardson-Alien  Corp.,  15  West  20th  St, 
New  York  11,  N.  Y. 

Springfield  Sound  Co.,  Electronics  Div., 
12  Cass  St.,  Springfield,  Mass. 

Technical  Apparatus  Co.,  1171  Tremont 
St.,  Boston  20,  Mass. 


POWER  LEVEL.  INDICATORS  and 
RECORDERS 

Amplifier  Co.  of  America,  396  Broadway, 

Barker'*  Williamson*,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Boes  Co.,  W.  W.f  3001  Salem  Ave.,  Dayton 
3,  Ohio  , . 

Daven  Co.,  191  Central  Ave.,  Newark  4, 
N J. 

DeJur-Amsco  Corp.,  Northern  Blvd.  at 
45th  St,  Long  Island  City1-  N Y 

Eastern  Electronics  Corp.,  41  Chestnut 
St,  New  Haven,  Conn 

Espey  Mfg.  Co.,  Inc.,  33  West  46th  St., 
New  York  19,  N.  Y. 

Gates  Radio  Co.,  220  Hampshire  St., 

Gene^al^Electric  Co.,  Schenectady  5.  N.  Y. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nebr.  iAC1. 

Hickok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 

Marion  Electrical  Instrument  Co.,  Man- 

Miles  ^Reproducer  Co.,  Inc.,  812  Broadway, 
New  York  N.  Y. 

Monarch  Mfg.  Co.,  2014  N.  Major  Ave., 
Phlcaao  111. 

Radio  Corp.  ’of  America,  RCA  Victor  Div., 

Slmp^m' Electric  Co..  5218  W.  Kinzle  St., 

Westinghouse  Electric  Corp.,  Bast  Pitts- 

Westbo“rBElec?rical  Instrument  Corp.,  614 
Frellnghuysen  Ave.,  Newark  5,  N.  J. 


VOLUME  INDICATORS 

see  Meters 


Inductors. 


see  Colls 
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Insulation 

, see  also  Tubing,  Finishes 

ASBESTOS  INSULATION 


Carey  Mfg.  Co.,  Philip,  Lockland,  Cincin- 

Johns-Manvi l?e , 20  East  40th  St.,  New 
York,  N.  Y.  _ 

Keasbey  & Mattlson,  Ambler,  Pa. 
Powhatan  Mining  Co.,  Baltimore  7,  Md. 


BEAD  INSULATION 


American  Lava  Corp.,  Kruesi  Bldg.,  Chat- 
tanooga 5,  Tenn.  

American  Phenolic  Corp.,  1830  S.  54th 
Ave.,  Chicago  50,  111. 

Centralab  Div.,  Globe  Union  Inc.,  900  E. 
Keefe  Ave..  Milwaukee  1,  Wise. 

Corning  Glass  Works,  Coming,  N.  Y. 

Electronic  Mechanics,  Inc.,  70'  Clifton 
Blvd.,  Clifton,  N.  J. 

Gits  Molding  Corp.,  4600  Huron  St.,  Chi- 
cago, 111. 

Insuline  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y. 

International  Products  Corp.,  Baltimore 
18,  Md. 

Isolantite,  Inc.,  343  Cortlandt  St.,  Belle- 
ville 9,  N.  J. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Lenoxite  Div.,  Lenox  Inc.,  66  Prince  St, 
Trenton,  N.  J. 

Mycalex  Corp.  of  America,  60  Clifton 
Blvd.,  Clifton,  N.  J. 

Mykroy,  Inc.,  1917  N.  Springfield  Ave., 
Chicago  47,  I1L 

National  Tilo  Co.,  1200  East  26th  St., 
Anderson,  Ind. 

Ogush.  Inc.,  William  B.,  33  W.  60th  St., 
New  York,  N.  Y. 

Pacific  Clay  Products  Co.,  306  West  Ave- 
nue 26,  Los  Angeles  31,  Calif. 

Plax  Corp.,  133  Walnut  St.,  Hartford  5, 
Conn. 

Printlold,  Inc..  96  Mercer  St.,  New  York 
12.  N.  Y. 

Saxon  burg  Potteries,  Saxonburg,  Pa. 

Spertl.  Inc.,  Norwood  Station,  Cincinnati 
12.  Ohio 

Steward  Mfg.  Co.,  D.  M.,  E.  36th  St, 
Chattanooga,  Tenn. 

Taylor  Fibre  Co.,  Norristown,  Pa. 


CERAMIC  INSULATION 

Akron  Porcelain  Co.,  Cory  Ave.,  & Belt 
Line,  Akron,  Ohio 

American  Lava  Corp.,  Kruesi  Bldg.,  Chat- 
tanooga 5,  Tenn. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Blrnbach  Radio  Co..  Inc.,  146  Hudson  St, 
New  York,  N.  Y. 

Bud  Radio  Inc.,  2118  East  55th  St.,  Cleve- 
land 3,  Ohio 

Centralab  Div.  of  Globe  Union,  Inc.,  900 
E.  Keefe  Ave.,  Milwaukee  1,  Wise. 

Cook  Ceramic  Mfg.  Co.,  501  Prospect  St, 
Trenton  1,  N.  J. 

Crowley  & Co..  Inc.,  Henry  L.,  1 Central 
Ave.,  West  Orange,  N.  J. 

Electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J. 

Fleron  & Son,  Inc.,  M.  M.,  113  N.  Broad 
St.  Trenton,  N.  J. 

General  Ceramics  & Steatite  Corp.,  Keas- 
bey, N.  J. 

General  Electric  Co..  Schenectady  5,  N.  Y 

General  Porcelain  Co.,  951  Pennsylvania 
Ave.,  Trenton,  N.  J. 

Hartford  Faience  Co..  271  Hamilton  St., 
Hartford,  Conn. 

Illinois  Electric  Porcelain  Co.,  Macomb, 

International  Products  Corp.,  Baltimore 
18.  Md. 

Isolantite,  Inc.,  343  Cortlandt  St,  Belle- 
ville 9,  N.  J. 

Johnson  Co.,  E.  F.,  Waseca.  Minn. 

Knox  Porcelain  Corp.,  200  Mynderse  Ave., 
Knoxville,  Tenn. 

Lapp  Insulator  Co.,  31  Gilbert  St,  Le  Roy, 
N.  Y. 

Lenoxite  Div.,  Lenox,  Inc.,  66  Prince  St, 
Trenton,  N.  J. 

Louthan  .Mfg.  Co.,  2000  Harvey  Ave., 
East  Liverpool,  Ohio 

Metsch  Refractories  Co.,  East  Liverpool, 
Ohio 


Mica  Products  Mfg.  Co.,  69  Wooster  St., 
New  York,  N.  Y. 

Mycalex  Corp.  of  America,  60  Clifton 
Blvd.,  Clifton,  N.  J.  . 

Mykroy,  Inc.,  1917  N.  Springfield  Ave., 
Chicago  47,  I1L  ^ 

National  Ceramic  Co.,  400  Southard  St., 
Trenton  2,  N.  J.  ni.iU 

National  Tile  Co.,  1200  East  26th  St., 
Anderson,  Ind. 

Ohio  Brass  Co.,  Mansfield,  Ohio 

Pacific  Clay  Products  Co.,  306  West  Ave., 
26,  P.  O.  Box  145,  Sta.  A.,  Los  An- 
geles 31,  Calif. 

Pass  & Seymour  Inc.,  Solvay  Station, 
Syracuse,  N.  Y.  „ 

Pemco  Corp.,  Plastics  Div.,  5601  Eastern 
Ave.,  Baltimore  24,  Md. 

Porcelain  Insulator  Corp.,  447  E.  Main 
St,  Dima,  N.  Y. 

Porcelain  Products,  Inc.,  124  West  Front 
St.,  Findlay,  Ohio 

Porcelier  Mfg.  Co.,  Greensburg,  Pa. 

Radio  Corp.  of  America,  Tube  Div.,  RCA, 
Harrison,  N.  J. 

Saxonburg  Potteries,  Saxonburg,  Pa. 

Sperti,  Inc.,  Norwood  Station,  Cincinnati 
12,  Ohio 

Square  D Co.,  6060  Rivard  St.,  Detroit  11, 
Mich. 

Star  Porcelain  Co.,  61  Muirhead  Ave., 
Trenton  9,  N.  J. 

Steward  Mfg.  Co.,  D.  M.,  East  36th  St., 
Chattanooga,  Tenn. 

Stupakoff  Ceramic  & Mfg.  Co.,  Datrobe, 
Pa. 

Thomas  & Sons  Co.,  R.,  Lisbon,  Ohio 

Union  Electrical  Porcelain  Works,  Van 
St.,  Trenton  5,  N.  J. 

Universal  Clay  Products  Co.,  1505  E. 
First  St.,  Sandusky,  Ohio 

Washington  Porcelain  Co.,  Washington, 
N.  J. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wisconsin  Porcelain  Co.,  Sun  Prairie, 
Wise. 


FABRIC  INSULATION 

Auburn  Mfg.  Co.,  110  Stack  St.,  Middle- 
town,  Conn. 

B.  & C.  Insulation  Products,  Inc.,  261 
Fifth  Ave.,  New  York  16,  N.  Y. 

Baer  Co.,  M.  S.,  9 Montgomery  St.,  Hill- 
side, N.  J. 

Creative  Plastics  Corp.,  963  Kent  Ave., 
Brooklyn.  N.  Y. 

Dobeckmun  Co.,  3300  Monroe  Ave.,  Cleve- 
land, Ohio 

Du  Pont  de  Nemours  & Co.,  Inc.,  E.  I., 
Wilmington  98,  Del. 

Electric  Service  Manufacturing  Co.,  17th 
& Cambria  Sts.,  Philadelphia  32,  Pa. 

Electro  Technical  Products,  Inc.,  Nutley 
10,  N.  J. 

Endurette  Corp.  of  America,  Cliffwood, 
N.  J. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  111. 

General  Electric  Co.,  Bridgeport,  Conn. 

Greenhut  Insulation  Co.,  31  West  21  St., 
New  York,  N.  Y. 

Holliston  Mills,  Inc.,  Norwood,  Mass. 

Industrial  Screw  & Supply  Co.,  713  W. 
Lake  St.,  Chicago  6,  111. 

Insulation  Manufacturers  Corp.,  565  W. 
Washington  Blvd.,  Chicago  6,  111. 

Irvington  Varnish  & Insulator  Co.,  10 
Argyle  Terrace,  Irvington  11,  N.  J. 

Mclnerney  Plastics  Co.,  655  Godfrey  Ave., 
S.  W.,  Grand  Rapids  1,  Mich. 

Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y. 

Mica  Products  Mfg.  Co.,  69  Wooster  St., 
New  York,  N.  Y. 

Mitchell-Rand  Insulation  Co.,  Inc.,  51 
Murray  St,  New  York  7,  N.  Y. 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  N.  J. 

New  Jersey  Wood  Finishing  Co.,  Inc.,  Elec- 
trical Insulation  Dept,  Woodbridge, 
N.  J. 

Racon  Electric  Co.,  62  East  19th  St.,  New 
York  3,  N.  Y. 

Saxonburg  Potteries,  Saxonburg,  Pa. 

Standard  Insulation  Co.,  74  Paterson  Ave.. 
East  Rutherford,  N.  J. 

Taylor  Fibre  Co.,  Norristown,  Pa. 

Tingstol  Corp.,  1461  W.  Grand  Ave.,  Chi- 
cago, 111. 

Varflex  Corp.,  N.  Jay  St,  Rome,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wrieht  & Sons  Co.,  Wm.  E.,  West  Warren, 
Mass. 


FIBRE  INSULATION 

Acme  Folding  Box  Co.,  Inc.,  141  East  25th 
St,  New  York,  N.  Y. 

American  Felt  Co.,  Glenvllle.  Conn.  j 

Auburn  Mfg.  Co.,  110  Stack  St,  Middle- 
town,  Conn. 

B.  & C.  Insulation  Products,  Inc.,  261 
Fifth  Ave.,  New  York  16,  N.  Y. 

Baer  Co.,  N.  S.,  9 Montgomery  St,  Hill- 
side, N.  J.  i 

Bakelite  Corp.,  Unit  of  Union  Carbide  & 1 
Carbon  Corp..  30  East  42nd  SL,  New 
York  17,  N.  Y.  ^ 

Brand  v wine  Fibre  Products  Co.,  14th  & 
Walnut  Sts.,  Wilmington,  Del. 

Continental-Diamond  Fibre  Co.,  16  Chapel 
St,  Newark,  DeL 

Dobeckmun  Co.,  3300  Monroe  Ave.,  Cleve- 
land, Ohio 

Electric  Service  Manufacturing  Co.,  17th 
& Cambria  Sts.,  Philadelphia  32,  Pa 

Felters  Co.,  The,  210  South  St,  Boston, 


Franklin  Fibre -Lamitex  Corp.,  12th  k 
French  Sts.,  Wilmington,  Del 
General  Cement  Mfg.  Co.,  919  Taylor 
Ave.,  Rockford,  HI. 

General  Electric  Co.,  Bridgeport  Conn. 
Hawley  Products,  St  Charles,  III. 
Industrial  Screw  & Supply  Co.,  <13  W 
Lake  St,  Chicago  6,  111. 

Insulation  Manufacturers  Corp.,  565  'V 
Washington  Blvd.,  Chicago  6.  HL 
Lamicoid  Fabricators,  3600  W.  Potomac 
Ave.,  Chicago,  111.  „ 

Mclnerney  Plastics  Co.,  655  Godfrey  A\e.. 

S W.,  Grand  Rapids  1,  Mich. 

Mica  Insulator  Co..  797  Broadway,  Sche- 
nectady 1,  N.  V.  _ _ c, 

Mica  Products  Mfg.  Co.,  69  Wooster  SL. 

New  York,  N.  Y.  . 

Mitchell-Rand  Insulation  Co.,  Inc.,  w 
Murray  St,  New  York  7,  N.  Y. 
National  Vulcanized  Fibre  Co.,  Maryland 
Ave.,  Wilmington,  Del. 

Penn  Fibre  & Specialty  Co-  2M0  E. 

moreland  St.,  Philadelphia  31,  Pa. 
Precision  Fabricators,  Inc.,  120  N-  ‘ 
hugh  St,  Rochester,  N.  Y. 

Printlold,  Tnc„  ^5  Mercer  St,  New  York 
12  NY 

Rogers  Paper  Mfg.  Co.,  Manchester,  Conn. 
Spaulding  Fibre  Co.,  310  Wheeler 
Tonawanda,  N.  Y.  r 

Stevens  Paper  Mills,  Inc.,  Windsor,  Conn 
Taylor  Fibre  Co.,  Norristown,  Pa- 
Tingstol  Corp.,  1461  W.  Grand  Ave.,  Chi 

Varflejf  Corp.,  N.  Jay  St,  Rome,  p‘ ^ 
West  Virginia  Pulp  & Paper  Co.,  230  ra 
Ave.,  New  York,  N.  Y. 
Westinghouse  Electric  Corp.,  East  Pit 
burgh,  Pa.  „ . ..  p o. 

Wilmington  ^1  bre  Spec ialty  Co.,  P. 
Drawer  1028,  Wilmington  99,  net 

GLASS  & FIBERGLAS  INSULATION 

Aerolux  Light  Corp.,  653-Ilth  Ave.,  Me* 
B *Y°Ck  Insulation  Products  ^,  «• 

BentfeV^isX 

Sts.,  Conshohocken,  Pa.  . . 

Brand  & Co..  William.  276  Fourth  Ave.. 

New  York  10,  N.  Y.  y 

Corning  Glass  Works,  Corning.  *♦  Ave., 
Creative  Plastics  Corp.,  963  Kent  a 
Brooklyn,  N.  Y.  Nutley 

Electro  Technical  Products,  Inc., 

Insulation  Manufacturers  Corp.,  565^ 

Washington  Blvd.,  Baltimore 

International  Products  Corp.,  BfUU 

Irvington  Varnish  & N^J.' 

Argyle  Terrace,  Irvington  11,  & 

Kilburn  Glass  Co.,  Inc.,  J- 

Worcester  St.,  Chartley.  Mass. 
Kopp  Glass.  Inc.,  1 East  42nd  SL, 

Mica^ InsulatorCo-  797  Broadway,  **- 
Mica1 products  Mis  Co.,  69  Wooster  St. 
New  York,  N.  Y.  51  Bor- 

Mitchell-Rand  Insulation  Co-Inc., 

ray  St.,  New  York  7,  N.  '■  2ll 
National  Varnished  Products  Coiy . 

Randolph  Ave.,  Woodbridge.  £•  V 

^'^EU.rtrTcal  ^Immlatlorf ^DePh,  Wood- 

Owe?JlcomSgJFllMrelM  Corp-  isi 

Tal  Rldge  St,  RO- 
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1ECTR0NIC  and  ALLIED  PRODUCTS. 


paulding  Fibre  Co.,  310  Wheeler  St, 
p«- r ti? orw °°d  Station,  Cincinnati 

tandard*  Insulation  Co.,  74  Paterson  Ave., 
E.  Rutherford,  N.  J. 
rarflex  Corp.,  N.  Jay  St.,  Rome,  N.  1. 
restinghouse  Eiectric  Corp.,  East  Pitts- 
burgh, Pa. 

glass  bonded  mica  insulation 

irand  & Co.,  William,  276  Fourth  Avenue, 
New  York  10,  N.  Y. 

electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J.  . v 

Jeneral  Electric  Co.,  Schenectady  o N.  V 
International  Products  Corp.,  Baltimore 
18,  Md. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Maoallen  Co.,  16  Macallen  St.,  Boston, 

MiuaMUwulator  Co.,  797  Broadway,  Sohe- 
nectady  N Y 

Mw a Produrts  *Mfg.  Co.,  60  Wooster  St. 

New  York,  N.  Y.  ... 

Mvcalex  Corp.  of  America,  60  Clifton 
Blvd.,  Clifton.  N.  J.  „ A 

Mykroy,  Inc.,  1917  N.  Springfield  Ave., 
Chicago  47,  111.  _ 

WeBtlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

PAPER  INSULATION 


Acme  Folding  Box  Co.,  Inc..  141  East  25th 
SL,  New  York,  N.  Y.  flJJ1 

Auburn  Mfg.  Co.,  110  Stack  St..  Middle- 
town,  Conn.  ^ 

Baer  Co.,  N.  S.,  9 Montgomery  St.,  Hill- 
side, N.  J. 

Central  Paper  Co.,  Muskegon,  Michigan 
Continental-Diamond  Fibre  Co.,  16  Chapel 
St.,  Newark,  Del.  __  „ 

Cottrell  Paper  Co.,  88  Purchase  St.,  Fall 
River,  Mass. 

Creative  Plastics  Corp.,  962  Kent  Ave., 
Brooklyn,  N.  Y. 

Dobeckmun  Co.,  3S00  Monroe  Ave.,  Cleve- 
land, Ohio 

Electric  Service  Manufacturing  Co.,  17th 
& Cambria  Sts.,  Philadelphia  32,  Pa. 
Electro  Technical  Products,  Inc.,  Nutley 
10,  N.  J. 

Endurette  Corp.  of  America,  Cliffwood, 

N.  J. 

Federal  Telephone  and  Radio  Corp.,  591 
Broad  St,  Newark,  N.  J. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  111. 

General  Electric  Co.,  Bridgeport,  Conn. 
Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nebr. 

Hartford  City  Paper  Co..  Hartford  City, 
Indiana 

Insulation  Manufacturers  Corp.,  565  W. 

. Washington  Blvd.,  Chicago  6,  111. 
Irvington  Varnish  A Insulator  Co.,  10 
,,  „Ar8yle  Terrace,  Irvington  11,  N.  J. 
Kulka  Electric  Mfg.  Co.,  Inc.,  30  South 
, SL,  ML  Vernon,  N.  Y. 
iamicoid  Fabricators,  3600  W.  Potomac 
Ave.,  Chicago,  I1L 

Manning  Paper  Co.,  Inc.,  John  A.,  Troy. 
N.  Y. 

Mica  Insulator  Co.,  797  Broadway.  Sche- 
Wl  nectady,  N.  Y. 

Mica  Products  Mfg.  Co.,  69  Wooster  St.. 
New  York,  N.  Y. 

Mitchell-Rand  Insulation  Co..  Inc.,  51 
Murray  St,  New  York  7,  N.  Y. 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  N.  J. 

New  Jersey  Wood  Finishing  Co.,  Inc., 
Electrical  Insulation  Dept..  Wood- 
bridge,  N.  J. 

Penn  Fibre  A Specialty  Co.,  2030  E.  WeBt- 
moreland  St.,  Philadelphia  34,  Pa. 
Precision  Fabricators,  Inc.,  120  N.  Fi  ta- 
rn, nugh  St,  Rochester,  N.  Y. 

Klegel  Paper  Corp.,  342  Madison  Ave., 
New  York  17,  N.  Y. 

p°gers  Paper  Mfg.  Co.,  Manchester,  Conn. 
Kon^  Cable  Corp.,  330  Ridge  St.,  Rome, 

Schweitzer  Paper  Co.,  142  Miller  Si., 

smu?e^ark'  N-  J- 

Paper  Co.,  Inc.,  Lee,  Mass. 

^Paulding  Fibre  Co.,  Inc.,  310  Wheeler 
*t,  ' Tonawanda,  N.  Y. 
standard  Insulation  Co.,  74  Paterson  Ave., 
East  Rutherford,  N.  J. 

TneJ£na  Paper  Mills,  Inc.,  Windsor,  Conn. 
4B2T  ,Fibre  Co.,  Norristown,  Pa. 

Plngatol  Corp.,  1461  W.  Grand  Ave..  Chi- 
ne cago.  in. 

west  Virginia.  Pulp  A Paper  Co.,  230  Park 
Ave.,  New  York.  N.  Y. 

Electronics— November  ms 


Westinghouse  Electric  Corp.,  East  Pitts- 

Wilmington1  Fibre  Specialty  Co.,  P.  O. 
Drawer  1028,  Wilmington  99,  Del. 

PLASTIC  INSULATION 

Acadia  Synthetic  Product*,  Dlv.  Western 
Felt  Work*,  4086  Ogden  Ave..  Chi- 

Accurate  Molding  Corp.,  116  Nassau  St., 

Alden^oduet*’(>'.,Yil7  North  Main  St, 

Alui^num1  Finishing  Corp.,  1119  E.  22nd 

American " Phenolic  S'corp.,  1830  S.  64th 

American  SS&Wo*.  »»7  Clean- 
der  St,  New  Orleans,  La. 

Anchor  Plastics  Co.,  533-41  Canal  St, 

AnsonhT clock  Co.’,  Inc.,  *108  Lafayette  St, 

Atl^^'products3’  Corp.',  30  Rockefeller 

Aubura^utton  Works,0’ Inc..' 48  Canoga 

B.  Insulation  Products,  Inc.,  261  Fifth 

Ave.,  New  York  16,  N.  Y. 

Baer  Co.,  N.  S.,  9 Montgomery  St,  Hill- 

Bakelite  Corp.',  Unit  of  Union  Carbide  & 
Carbon  Corp.,  30  East  42nd  St,  New 

Barter  Williamson,  235  Fairfield  Ave.. 

BastFaPnP  B^sarb&.Z,U0t>  N.  Clinton  St., 

Bi rnbach  eRadioNCo.,  Inc.,  146  Hudson  St, 

Blwax6'ckrrpr,k’8M6  Howard  St.,  Skokie, 

Brand  * Co.,  William.  276  Fourth  Ave., 
New  York  10,  N.  Y. 

Brandywine  Fibre  ProducU  Co.,  14th  * 
Walnut  Sts.,  Wilmington,  Del. 

Burndy  Engrg.  Co.,  Inc..  107  Bruckner 
Blvd.,  New  York  54,  N.  Y. 

Carter  Products  Co.,  6921  Carnegie  Ave., 

CeIaneseep*Mtl<ShCorp.,  180  Madison  Ave., 

ClncinnatiY<Moldlng  Co.,  2037  Florence 

Cochrane  ChemSfco-.^SO  Danforth  Ave., 

ContinenlalSlamond  Fibre  Co.,  16  Chapel 
St  Newark  Del. 

Creative  Plastics  Corp.,  963  Kent  Ave., 
Brooklyn,  N.  Y.  . 

Davis  Plastics  Co.,  Joseph,  Arlington, 

N J. 

Dow  Chemical  Co.,  Midland,  Mich. 

Du  Pont  de  Nemours  A Co.,  Inc.,  E.  I.. 
Wilmington  98,  Det 

Durez  Plastics  A Chemicals,  Inc.,  1922 
Walck  Rd..  North  Tonawanda,  N.  Y. 
Eastman  Kodak  Co.,  Rochester  4 Nr  J. 
Electrical  Insulation  Co,  Inc.,  12  vestry 

ExtrudedNpTastlcs,  Inc.,  Norwalk.  Corin. 
Federal  Telephone  and  Radio  Corp.,  691 

Formlcf  fnsutatmrco"  '4662  Spring  Grove 

Franklin'  ^br“itex  °Corp.,  12tb  A 
French  St,  Wilmington,  Del. 

( in rfleld  Mfg.  Co.,  Garfield,  N.  J. 

Gemlold  con..;  79-10  Albion  Ave.,  Elm- 

riene^CeS^'cd.,  919  Taylor 

(tenerl?  "E?e°ctrlcr  <S;ts^tif|a^ePt"  ’ 
LLeri^o^  incf^’a'  Monroe  Ave.. 
Oita  IMoldTng 'corp.,  4600  Huron  St.  Chl- 
Good“?°felectric  Mfg.  Co..  320  N.  Spruce 

Good^e'a*'!'  & Co.,  Plastics  A 
Chemical  Div.,  1144  E.  MarKet  ot.. 

Hod^nan11 Rubber 'co„  Framingham  Mass. 

lndim^a!>bS>mt^etlMrtc'orpPCe60  Wimlsey 

I hsu^insT^V^  Co^^Tnc^e|®s  Cotta®^ 

insulation  Manu'facturerj  Corp,  566^  W. 

Washington  Bit d.,  Cntcaeo  e,  i 
International  Products  Corp.,  Baramo 

I rv  '^r^^e^e^race^rvUngtlm  'Yl , *N."  ' 7. 1 ° 

JohnsofiCo.,  E.  F„  Waseca.  Minn. 


Kulka  Electric  Mfg.  Co.,  Inc.,  30  South 
St.  Mt  Vernon,  N.  Y.  . . 

Kurz-Kasch  Co.,  1416  S.  B'way,  Dayton  1, 

Makalot”  Corp.,  262  Washington  St,  Bos- 

Mclnerney1  FUastlca  Co.,  655  Godfrey  Ave., 

s.  W.,  Grand  Rapids  1,  Mich. 

Mica  Insulator  Co.,  797  Broadway,  Sche- 

Mlca^ ^Products  Mfg.  Co.,  69  Wooster  St, 

Mlcarta*  Fabricators,*  Inc.,  5324  Ravens- 

M.nsWC^AE.'meCrhSS!88°1240W.ILn  Buren 

Mltchel’l-Rand8°insulatlon  Co..  Inc.,  61 

Monaanto^ChemlcaT  Ca,  PlMticd  Dlv, 
Springfield  2,  Mass 


Mycalex'CoVn.  of  America,  60  Clifton 

Myk?oV,d  inc.,  1917  N.  Springfield  Ave., 

National  Varnished"  211 

Randolph  Ave.,  Woodbridge,  N.  J. 
National  Vulcanized  Fibre  Co.,  Maryland 
Ave.,  Wilmington,  DeL 
New  Jersey  Wood  Finishing  Co.,  . Inc., 
ElccWcal  Insulation  Dept,  Wood- 

Northwest’  Plastics,  Inc  2883  University 
Ave..  St.  Paul  4,  Minn. 

Oris  Mfa  Co..  Inc.,  Thomaston,  Conn. 
Pan%lyte8  Wv.',  St. 'Regis  Paper  Co.,  230 

Park  Ave..  New  York,  N.  Y. 

Parisian  Novelty  Co.,  3610  S.  Western 

Penn^ Fidre"*  ^Specialty  Co.,  2030  E.  West- 
mcu*eland  St,  Philadelphia  34,  P&* 
Plastic  Fabricators  Co.,  440  Sansome  St, 

San  Francisco  11,  Cam.  . 

Plax  Corp.,  133  Walnut  St,  Hartford, 

PrecfslonOIF^brlcators,  Inch,  120  N.  Fltz- 

Prtnffi  Inc. ,R95 bMercer  St["  New  York 

^?f,5n^0^ri^gto^,,eA;d.NCJran.ton. 
Rogm^^r^r°M  f^e<^^3^nch’emer^Conn. 

Sc°h8oeu  Coftfw“te8r  L 9306  Santa  ilonlca 
Spaulding  Wheeler 

SUnik^^ts’  &-I* 06  Boulevard 

SurpSst^MV^'.  M 

Purchase  St,  Boston  10,  Mas*. 

UdnUe  fcoa  459  Watertown  St,  Newton- 

Unlted-CarraFastener  Corp.,  81  Ames  St.. 

Cambridge  42,  Mass.  N Y 

^efbuCrr^Uoniacyo.St83?°g;e'MNaIn  St.. 
WeZrcMD,  296  Fifth  Ave., 
New  York  16,  N.  *.  Pitts- 

Westlnghouee  Electric  Corp.,  East  piu» 

Whltbney8-Blakd  Co.,  Dlxwell  Ave.,  New 

W,,SiS6wXa  99°,"D?i.  ° 

STEATITE  INSULATION 

American  Lava  Corp.,  Kruesl  Bldg., 
Btrnbac^Rad^Co’.,  Inc.,  146  Hudson  St, 
Bud N!tadfo?rkincN,  2U8  East  55th  St, 
OentSlabDIv.  df  Globe  Union  Inc.  900 

C y Keefe  Ave.,  MHwaukeel,  Wise 
CookECeKrfmic  Mfd.  Co.,  501  Prospect  St., 

Crow^rTc'o^Ine.,  Henry,  1 Central 

General''  Ceram^^an'd^  Steatlte  Corp., 

fip^^atotco.',  TiaSn&riSt""  LeRoy. 

UenoxiteT"Dlv..  Lenox,  Inc.,  65  Prince  St., 

Ix>uSnntMis. 200<>  Harvey  Ave.. 

••  Wooster  St.. 

New  York,  N.  r. 
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National  Ceramic  Co.,  400  Southard  St., 
Trenton  2,  N.  J. 

National  Tile  Co..  1200  East  26th  St., 
Anderson,  Indiana 

Ohio  Brass  Co.,  Mansfield,  Ohio 

Pacific  Clay  Products  Co.,  306  West  Ave., 
Los  Angeles  31,  Calif. 

Pass  & Seymour,  Inc.,  Solvay  Station, 
Syracuse,  N.  Y. 

Radio  Corp.  of  America,  Tube  Div.,  RCA, 
Harrison,  N.  J. 

Saxonburg  Potteries,  Saxonburg,  Pa. 

Star  Porcelain  Co.,  Trenton  9,  N.  J. 

Steward  Mfg.  Co.,  D.  M.,  Chattanooga, 
Tenn. 

Stupakoff  Ceramic  & Mfg.  Co.,  Latrobe, 
Pa. 

Wisconsin  Porcelain  Co.,  Sun  Prairies, 
Wise. 


Insulators _ 


Acme  Folding  Box  Co.,  Inc.,  141  East  26th 
St.,  New  York,  N.  Y. 

Akron  Porcelain  Co.,  Cory  Ave.,  & Belt 
Line,  Akron,  Ohio 

Alden  Products  Co.,  117  North  Main  St., 
Brockton  64,  Mass. 

American  Lava  Corp.,  Kruesl  Bldg.,  Chat- 
tanooga 5,  Tenn. 

American  Phenolic  Corp.,  1830  S.  64th 
Ave.,  Chicago  60,  111. 

Arens  Controls,  Inc.,  2253  S.  Halsted  St., 
Chicago  8,  111. 

Armstrong  Cork  Co.,  Lancaster,  Pa. 
Bimbach  Radio  Co.  Inc.,  145  Hudson  St., 
New  York,  N.  Y. 

Cardy-Lundmark  Co.,  1801  W.  Btron  St, 
Chicago  13,  111. 

Centralab  Div.,  Globe  Union,  Inc.,  900 
E.  Keefe  Ave.,  Milwaukee  1,  Wise. 
Creative  Plastics  Corp.,  963  Kent  Ave., 
Brooklyn,  N.  Y. 

Electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J. 

Fleron  & Son,  Inc.,  M.  M.,  113  N.  Broad 
St.,  Trenton,  N.  J. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Hanovia  Chemical  & Mfg.  Co.,  233  New 
Jersey  & R.  R.  St.,  Newark,  N.  J. 
Insulation  Mfg.  Co.,  11  New  York  Ave., 
Brooklyn,  N.  Y. 

International  Products  Corp.,  Baltimore 
18,  Md. 

Isolantlte,  Inc.,  343  Cortlandt  St.,  Belle- 
ville 9,  N.  J. 

Johneon  Co.,  E.  F.,  Waeeca,  Minn. 
Lapp^Insulator  Co.,  31  Gilbert  St.,  LeRoy, 

Mica  Products  Mfg.  Co..  69  Wooster  St  . 
New  York,  N.  Y. 

yCBivd.CaiPrton°f  NAm/rlca'  60  c,lfton 

Mykck>,c4oC47,in7  *•  'Sprl"*fleM  Ave., 
National ”Co.,  Inc.,  61  Sherman  St.,  Mal- 
den 4 8,  Mass. 

National  Tile  Co.,  1200  East  26th  St 
Anderson,  Ind. 

Ave- 

" A™  S32&  3510  S Western 

Phllactelphla^Mica  ^Corp. , 3515  N.  10  St„ 

InC  - 124  W-  **»*«■. 
Premax  Products  Div.,  Chisholm  Ryder 

C^leif:e  o&  Hi^hland  Aves.,  Ni- 
• agara  Falls  2,  N.  Y. 

dHaCr?l'sPon?fNV  j'JrlCa’  Tube  Dlv-  RCA’ 
Saxonburg  Potteries,  Saxonburg  Pa 

P 12,  Ohio 

Stupakoff  Ceramic  & Mfg.  Co.,  Latrobe, 

Thoma.Paro  Co-  Norristown,  Pa. 

^°,ns  ,Co-  R-.  Lisbon,  Ohio 
Union  Etectrioal  Porcelain  Works,  Van 

Victor  Insnlators,  Inc.,  Victor,  N.  Y 

WatewbaSbuBrUy!t0c"onCn0  - 835  S'  «*• 
Westlnghous^  Electric  Corp.,  East  Pltts- 

INSULATORS.  TRANSMITTING  ANTENNA 

Alreon  Manufacturing  Corp.,  Fairfax  * 
Funston  Rds.,  Kansas  City  15  Kans 
American  Lava  Corp.,  Kruesi  Bldg  ChSt- 
tanooga  5,  Tenn. 

Barker  & Williamson,  235  Fairfield  Ave 
Upper  Darby,  Pa.  " 
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Bimbach  Radio  Co.,  Inc.,  145  Hudson  St., 
New  York,  N.  Y. 

Centralab  Div.  of  Globe  Union,  Inc.,  900 
E.  Keefe  Ave.,  Milwaukee  1,  Wise. 

Electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Mycalex  Corp.  of  America,  60  Clifton 
Blvd.,  Clifton,  N.  J. 

Premax  Products  Div.,  Chisholm  Ryder 
Co.,  College  & Highland  Ave.,  Niagara 
Falls,  N.  Y. 

Insulators.  Vibration 


see  Mountings 

Intercommunicators 

American  Radio  Co.,  611  E.  Garfield  Ave., 
Glendale,  Calif. 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Ansley  Radio  Corp.,  21-10  49th  Ave.,  Long 
Island  City,  N.  Y. 

Autocrat  Radio  Co.,  3855  N.  Hamilton 
Ave.,  Chicago,  111. 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St,  Chicago  7,  111. 

Banks  Mfg.  Co.,  1106  W.  Lawrence  Ave., 
Chicago  40,  111. 

Bell  Sound  Systems,  Inc.,  1183  Essex  Ave., 
Columbus.  Ohio 

Belmont  Radio  Corp.,  5921  W.  Dickens 
Ave.,  Chicago  39,  111. 

Bendlx  Aviation  Corp.,  Pacific  Div.,  11600 
Sherman  Way,  North  Hollywood, 
Calif. 

Bogen  Co.,  David,  663  Broadway,  New 
York  12,  N.  Y. 

Bond  Products  Co.,  13139  Hamilton  Ave., 
Detroit,  Mich. 

California  Telephone  & Elec.  Co.,  6075  W. 
Pico  Blvd.,  Los  Angeles  35,  Calif. 

Cannon  Electric  Development  Co.,  3209 
Humboldt  St.,  Los  Angeles  31,  Calif. 

Connecticut  Telephone  & Electric  Div.  of 
Great  American  Industries,  Inc.,  70 
Brittania  St.,  Meriden,  Conn. 

Dalmo  Victor,  San  Carlos,  Calif. 

De  Wald  Radio  Mfg.  Corp.,  440  Lafayette 
St.,  New  York,  N.  Y. 

Eastern  Amplifier  Corp.,  794  East  14Qth 
St.,  Bronx,  New  York  54,  N.  Y. 

Eckstein  Radio  & Television  Co.,  918  La 
Salle  Ave.,  Minneapolis  2,  Minn. 

Electronic  Sound  Engineering  Co.,  109  N. 
Dearborn  St.,  Chicago  2,  111. 

Erwood  Co,  223  W.  Erie  St.,  Chicago,  111. 

Espey  Mfg  Co.,  Inc.,  33  West  46th  St., 
New  York  19,  N.  Y. 

Executone,  Inc.,  415  Lexington  Ave.,  New 
York  17,  N.  Y. 

General  Communication  Co.,  530  Common- 
wealth  Ave.,  Boston  15,  Mass. 

General  Electric  Co.,  Schenectady  5,  N.  Y 

General  Electronics,  Inc.,  101  Hazel  St., 
Paterson,  N.  J. 

Globe  Phone  Mfg.  Corp.,  2 Linden  St.. 
Reading,  Mass. 

Godfrey  Mfg.  Co.,  171  S.  2nd  St.,  Mil- 
waukee 4,  Wise. 

Halstead  Traffic  Communications  Corp., 
155  E.  44th  St.,  New  York,  N.  Y. 

Industrial  Sound  Products  Co.,  3597  Mis- 
slon.  SL,  San  Francisco,  Calif. 

Kegron  Mfg.  Co.,  Inc.,  18  West  20th  St., 
New  York  11,  N.  Y. 

Kellogg  Switchboard  & Supply  Co.,  6650 

t i Sw91<m£°  Ave.,  Chicago  38,  111. 

7 Calif °-’  2323  Chestnut  st-  Oakland 

Magnavox  Co.,  The,  2131  Bueter  Rd.,  Fort 
Wayne  4,  Ind. 

Maico  Co.,  Inc.,  25  North  3rd  St,  Minne- 
apolis, Minn. 

Megard  Corp  1601 I S.  Burlington  St.,  Los 
Angeles  6,  Calif. 

Meissner  Mfg  Div , Maguire  Industries, 
Inc.,  Mt.  Carmel,  111. 

NBwPY°odrkCeNCY’  In°’  812  Bro^w^' 

Mluerva  Co^p.^Wlca,  238  William 

M^rSTv^'^lSaV  IHT' 

Newcomb  Audi0  Products  Co.,  28'l5  S 
Hill  St.,  Los  Angeles  18,  Calif 

Operadio  Mfg.  Co.,  St.  Charles,  111. 

at  JefrCT90n 

Philco  Corp.,  Philadelphia  34,  Pa. 

G7en®ove,r°LnlCI  Tr""1®1"”  <*>■• 
Ra<'New,SrkC,')C5:’YS2'EaSt  19<h  St' 


Radio  Corp.,  RCA  Victor  Div.,  of  America.! 
Camden,  N.  J.  ^ 

Radio  Laboratories,  Inc.,  2701  California 
Ave.,  Seattle  6,  Wash. 

Rauland  Corp.,  4245  N.  Knox  Ave.,  Chi- 
cago 41,  111. 

Regal  Electronics  Corp.,  20  West  20th  Si.  • 
New  York,  N.  Y. 

Remler  Co.,  Ltd.,  2101  Bryant  St,  S an 
Francisco  10,  Calif. 

Schulmerich  Electronics  Co.,  Sellersviiie, 
Pa. 

Select-O-Phone  Co.,  1012  Eddy  St,  Provi- 
dence, R.  I. 

Setchell  Carlson,  Inc.,  2233  University 
Ave.,  St.  Paul  4,  Minn. 

Simpson  Mfg.  Co.,  Inc.,  Mark,  188  West 
Fourth  St.,  New  York,  N.  Y. 

Talk-A-Phone  Mfg.  Co.,  1512  S.  Pulaski 
Road,  Chicago  23,  111. 

Taybern  Equipment  Co.,  120  Greenwich 
St..  New  York  6,  N.  Y. 

Tech-Master  Products  Co.,  12  Prince  St. 
New  York,  N.  Y. 

TelAutograph  Corp.,  16  West  61st  St, 
New  York  23,  N.  Y. 

Telemotor  Corp.,  260  Fifth  Ave.,  New 
York,  N.  Y. 

Telephonies  Corp.,  350  West  31st  St,  New 
York  1,  N.  Y. 

Templetone  Radio  Mfg.  Corp.,  New  Lon- 
don, Conn. 

TYebor  Radio  Co.,  Pasadena,  Calif. 

Warwick  Mfg.  Corp.,  4640  W.  Harrison 
St.,  Chicago,  111. 

Watterson  Radio  Mfg.  Co.,  P.  0.  Box  54, 
Dallas  1,  Texas 

Webster  Electric  Co.,  1900  Clark  St. 
Racine,  Wise. 

Western  Sound  & Electric  Laboratories. 
3512  W.  St.  Paul  Ave.,  Milwaukee, 
Wise.  i 

Zenith  Electric  Co.,  152  W.  Walton  St, 
Chicago,  111. 


Inverters _ 


Air-Way  Electric  Appliance  Corp.,  2101 
Auburn  Ave.,  Toledo,  Ohio 
Allis-Chalmers  Mfg.  Co.,  Milwaukee  3, 
Wise. 

American  Television  & Radio  Co.,  300  E. 

Fourth  St.,  St  Paul  1,  Minn. 

Anco  Products  Corp.,  Paterson,  N.  J- 
Apex  Electric  Mfg.  Co.,  1070  E.  152nd  St. 

Cleveland,  Ohio  , . 

Carter  Motor  Co.,  1606  Milwaukee  A%e- 
Chicago  4 7,  111.  „ , 

De W aid  Radio  Mfg.  Corp.,  440  Lafayette 
St.,  New  York,  N.  Y.  , 

Eastern  Air  Devices,  Inc.,  585  Dean  at, 
Brooklyn  17,  N.  Y. 

Eclipse- Pioneer  Div.,  Bendix  Corp.,  Teter- 

Eicor,  Inc.,  1501  W.  Congress  St,  Chicago 
7,  HI-  . , „ 

Electric  Specialty  Co.,  Stamford,  Conn. 
Electrical  Engineering  Sc.  Mfg.  Co.,  46#* 
W.  Jefferson  Blvd.,  Los  Angeles,  Cain. 
Electrolux  Corp.,  Old  Greenwich,  Conn. 
Electron  Equipment  Corp.,  917  Meridia 
Ave.,  South  Pasadena,  Calif. 
Electronic  Laboratories,  Inc.,  Indianapolis 

md.  J , v Y 

General  Electric  Co.,  Schenectady 
Gibbs  & Co.,  Thomas  B.,  Div.  of  George 
W.  Borg  Corp.,  814  Michigan  St. 
Delavan,  Wise.  ... 

Holtzer-Cabot,  Signal  Division,  400  Stuari 
St.,  Boston  17,  Mass.  _ 

International  Transformer  Co.,  396  oroa 
way,  New  York,  N.  Y. 

Janette  Mfg.  Co.,  556  W.  Monroe  St. 

Chicago  40,  111.  _ or 

Leland  Electric  Co.,  1501  Webster 

Dayton,  Ohio  „ JS>  . of 

Linde  Air  Products  Co.,  30  East  42nd 
New  York  17,  N.  Y.  A,,.nue 

Master  Electric  Co.,  126  Davis  A\enu* 

Dayton,  Ohio  . 

Oak  Mfg.  Co.,  1260  Clyboum  Ave.. 

cago  10,  111.  _ nirkens 

Pioneer  Gen-E-Motor  Co.,  5841  Die 

Avenue,  Chicago  39,  111.  nu-mnic 
Quality  Electric  Co.,  Ltd.,  1235  E.  OlymP 
Blvd.,  Los  Angeles  21,  Calif. 
Richardson-Alien  Corp.,  15  West  20tn 
New  York  11,  N.  Y.  ct 

Russell  Electric  Co.,  364  W.  Huron 
Chicago  10,  111.  „„„  iVC., 

Small  Motors,  Inc.,  1322  Elston 

Chicago  22,  111.  . „ a-riB«Vale, 

Union  Switch  & Signal  Co.,  Swiss' w 

Webster  Chicago  Corp.,  Electronics  DiVj. 
3825  Armitage  Ave..  Chicago  4/. 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


Westlnghouse  Elec.  Corp.,  Lima,  Ohio 
Wincharger  Corp.,  7th  & Division,  Sioux 
City,  Iowa 


Irons. 


ELECTRIC  SOLDERING  IRONS 

Acme  Electric  Heating  Co.,  1217  Wash- 
ington St.,  Boston,  Mass. 

American  Electrical  Heater  Co.,  6110  Cass 
Ave.,  Detroit  2,  Mich. 

Baker-Phillips  Co.,  3017  Lyndale  Ave.  S., 
Minneapolis  8,  Minn.  > 

Brach  Mfg.  Corp.,  L.  S.,  55  Dickerson  St, 
Newark,  N.  J.  _ 

Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St.,  Waterbury  91,  Conn. 

Cole  Radio  Works,  86  Westville  Ave., 
Caldwell,  N.  J. 

Drake  Electric  Works,  3656  Lincoln  Ave., 
Chicago  13,  111. 

Eagle  Electric  Mfg.  Co.,  Inc.,  23-10  Bridge 
Plaaa  S.,  Long  Island  City,  N.  Y. 

Electric  Soldering  Iron  Co.,  Deep  River, 
Conn. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 

Glaser  Lead  Co.,  Inc.,  31  Wyckoff  Ave., 
Brooklyn,  N.  Y. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nebr. 

Hexacon  Electric  Company,  161  W.  Clay 
Ave.,  Roselle  Park,  N.  J. 

Ideal  Commutator  Dresser  Co.,  1291  Park 
Ave.,  Sycamore,  111. 

Insuline  Corp.  of  America,  36-02  36th 
Ave.,  Long  Island  City,  N.  Y. 

Jackson  Electro  Corp.,  124  Bleeker  St., 
New  York,  N.  Y. 

Kellogg  Switchboard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 

Kelnor  Mfg.  Co.,  Central  Tower  Bldg., 
San  Francisco,  Calif. 

Lenk  Mfg.  Co.,  'Newton  Lower  Falls,  Mass. 

Philmore  Mfg.  Co.,  113  University  PI., 
New  York,  N.  Y. 

Sound  Equipment  Corp.  of  California, 
3903  San  Fernando  Road,  Glendale  4, 
Calif. 

Stanley  Works,  New  Britain,  Conn. 

Trent  Co.,  Harold  E.,  Leverington  Ave.  & 
Wilde  St,  Philadelphia  27,  Pa. 

Ungar  Electric  Tools,  Inc.,  615  Ducommun 
St,  Los  Angeles  54,  Calif. 

Vasco  Electrical  Mfg.  Co.,  4116  Avalon 
Blvd.,  Los  Angeles  11,  Calif. 

Vulcan  Electric  Co.,  88  Holten  St.,  Dan- 

Weller  Mfg.  Co.,  516  Northampton  St., 
Easton,  Pa. 

Wyse  Laboratories,  211  S.  Ludlow  St., 
Dayton  2,  Ohio 


Jacks . 


see  also  Pings 

A.B.C.  Products,  Inc.,  11952  Montana  Ave., 
W.  Los  Angeles,  Calif. 

Aircraft  Products  Co.,  3502  E.  Pontiac  St, 
Fort  Wayne,  Ind. 

Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 

Amalgamated  Radio  & Television  Corp., 
476  Broadway,  New  York  13,  N.  Y. 
American  Phenolic  Corp.,  1830  S.  54th 
4 Ave.,  Chicago  50,  111. 

American  Radio  Hardware  Co.,  Inc., 
152  MacQuesten  Pkway.  S.,  Mt.  Ver- 
non, N.  Y. 

Audio  Development  Co.,  2833  13th  Ave., 
S.,  Minneapolis  7,  Minn. 

Automatic  Electric  Co.,  1033  W.  Van 
. _ Buren  St.,  Chicago  7,  111. 

Automatic  Metal  Products  Corp.,  315 
Berry  St,  Brooklyn,  N.  Y. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bead  Chain  Mfg.  Co.,  110  Mt  Grove  St., 
Bridgeport  5,  Conn. 

Birnbach  Radio  Co.,  Inc.,  145  Hudson  St., 
New  York,  N.  Y. 

Bud  Radio,  Inc.,  2118  E.  55th  St,  Cleve- 
n tend  3,  Ohio 

Connecticut  Telephone  & Elec.  Div.  of 
Great  American  Industries,  Inc.,  70 
p.  Bnttania  St.,  Meriden,  Conn. 

Lby  Inc.,  Hugh  H.,  18  W.  Chelton  Ave., 
Philadelphia  13,  Pa. 

Electronic  Products  Mfg.  Corp.,  7300 
~ . "H1*011  River  Drive,  Dexter,  Mich, 
federal  Mfg.  & Engrg.  Corp.,  199  Steuben 
St,  Brooklyn,  N.  Y. 

Gates  Radio  Co.,  220  Hampshire  St., 
Quincy,  111. 

ELECTRONICS  — Nortmbtr  1945 


General  Electronics  Mfg.  Co.,  2225  S. 

Hoover  St.,  Los  Angeles  7,  Calif. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Gits  Molding  Corp.,  4600  Huron  St.,  Chi- 
cago, 111. 

Helnze  Electric  Co.,  Lowell,  Mass. 

Insuline  Corp.  of  America,  36-02  3oth 
Ave.,  Long  Island  City,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Jones,  Howard  B.,  2460  W.  George  St, 
Chicago  18.  111. 

Kellogg  Switchboard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 
Mallory  & Co.,  Inc.,  P.  R..  3029  E.  Wash- 
ington St,  Jndianapolis  6,  Ind. 
Mossman,  Inc.,  Donald  P.,  612  North 

Michigan  Ave.,  Chicago  11,  111. 
National  Electronic  Mfg.  Corp.,  2 2-78 
Steinway  St.,  Long  Island  City  5,  N.  Y. 
National  Fabricated  Products,  2650  Bel- 
den  Ave.,  Chicago  47,  111. 

Philmore  Mfg.  Co.,  113  University  Pi- 
New  York,  N.  Y. 

Presto  Electric  Co.,  4511  New  York  Ave., 
Union  City,  N.  J. 

Scovill  Mfg.  Co.,  99  Mill  St.,  Waterbury 
91,  Conn. 

Standard  Electric  Time  Co.,  89  Logan  St., 
Springfield,  Mass. 

Telephonies  Corp.,  350  West  31st  St- 
New  York,  N.  Y. 

Trav-Ler  Karenola  Radio  & Television 
Corp-  571  W.  Jackson  Blvd.,  Chi- 
cago, HI. 

Ucinite  Co.,  459  Watertown  St.,  Newton- 
ville,  Mass. 

United -Carr  Fastener  Corp-  31  Ames  St- 
Cambridge  42,  Mass. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5.  N.  Y. 

Wood  Electric  Co.,  Inc.,  C.  D.,  826  Broad- 
way, New  York  3,  N.  Y. 

Keys  and  Coding  Equip- 
ment—  

Alden  Products  Co.,  117  North  Main  St., 
Brockton  64.  Mass. 

American  Radio  Hardware  Co.,  Inc.,  152 
MacQuesten  Pkway.  S.,  Mt.  Vernon, 
N Y. 

Bud  Ratlio,  Inc.,  2118  E.  55  St-  Cleveland, 

Bunnel?h&°  Co.,  J.  H-  215  Fulton  St- 
New  York,  N.  Y. 

Clare  & Co.,  C.  P-  4719  Sunnyside  Ave- 
Chicago  30,  111.  „ ... 

Electro-Medical  Laboratory,  Inc.,  Hollis- 
ton,  Mass.  „ _ . , „ 

Federal  Manufacturing  & Engineering 
Corp-  199-217  Steuben  St.,  Brooklyn, 

Fleron  & Son,  Inc.,  M.  M-  113  N.  Broad 
St-  Trenton,  N.  J. 

Foote  Pierson  & Co.,  Inc.,  75  Hudson  St, 
Newark  4 N.  J. 

General  Communication  Co-  530  Common- 
wealth Ave.,  Boston  15,  Mass 
Gits  Molding  Corp.,  4600  Huron  St.,  Chi- 

Gray  Manufacturing  Co.,  16-30  Arbor  St, 
Hartford,  Conn.  _ 

Haydon  Manufacturing  Co-  Inc.,  Forest- 

McElrov’ Manufacturing  Corp.,  82  Brook- 
line Ave-  Boston,  Mass. 

Mechanitron  Corp-  711  Boylston  St,  Bos- 

IleynoM816Rl”ctrlc  Co.,  2650  W.  Congress 

Signal  ElectrTif0Mfg.’  Co.,  1915  Broadway, 

Te.e^rpnnpepeara^CshCo.,  325  W.  Huron 

Telephones  CI<?orp.,  350  West  31st  St, 

Teleplex  ComOT  'Hudson  St,  Jersey  City, 

Vibrople'x  Co.,  Inc.,  833  Broadway,  New 
York  N Y 

W'allace  & Tiernan  Products,  Inc.,  Belle- 

Wlnsiow’  Co.,J’31  Fulton  St.,  Newark  2, 
N.  J. 


American  Insulator  Corp.,  New  Freedom, 
Pa. 

American  Radio  Hardware  Co.,  Inc.,  152 
MacQuesten  Pkway.  S-  Mt.  Vernon, 

N.  Y. 

Birnbach  Radio  Co.  Inc.,  145  Hudson  St- 
New  York,  N.  Y. 

Bud  Radio,  Inc-  2118  E.  55th  St-  Cleve- 
land, Ohio 

Creative  Plastics  Corp.,  963  Kent  Ave- 
Brooklyn,  N.  Y. 

Croname,  Inc-  3701  Ravenswood  Ave., 
Chicago,  111.  . . . . 

Daven  Co-  191  Central  Ave-  Newark  4, 

N J". 

Davies  Molding  Co.,  Harry,  1428  N. 
Wells  St,  Chicago  10,  I1L 

Diemolding  Corp.,  Canastota,  N.  Y. 

Eby,  Inc.,  Hugh  Tl. , 18  W.  Chelton  Ave., 
Philadelphia  13,  Pa. 

Eclipse  Moulded  Products  Co.,  5151  North 
32nd  St.,  Milwaukee  9,  Wise. 

Emeloid  Co.,  291  Laurel  Ave.,  Arlington, 

Emerson'  Radio  & Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y. 

Erie  Resistor  Corp.,  644  W.  12  St,  Erie, 

pa 

Garfield  Mfg.  Co  , Garfield,  N.  J. 

Gemlold  Corp.,  79-10  Albion  Ave.,  Elm- 

General*cVment  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  111.  A . _ XT  v 

General  Electric  Co-  Schenectady  6,  N.  Y. 

General  Radio  Co-  275  Massachusetts 
Ave-  Cambridge  39>  Mass. 

Gits  Molding  Corp-  4600  Huron  St, 
Chicago  111 

Goodall  Electric  Mfg.  Co-  320  N.  Spruce 
St.,  Ogallala,  Nebr. 

Imperial  Molded  Products  Corp.,  2925  W. 
Harrison  St-  Chicago,  111. 

Insulation  Mfg.  Co-  11  New  York  Ave- 
Brooklyn,  N.  Y. 

insuline  Corp.  of  America,  36-02  35th 
Ave-  Long  Island  City,  N.  Y. 

Kurz-Kasch,  Inc.,  1415  S.  Bway,  Dayton, 

Ma»ory°&°Co.,.Inc..  p.  R.,  3029  B.  Wash- 
ington St.,  Indianapolis  6,  Ind. 

Mlllen  Mfg.  Co.,  James,  150  Exchange  St., 
Malden,  Mass.  _ . 

Mykroy,  Inc.,  1917  N.  Springfield  Ave., 
Chicago  47,  111. 

National  Co.,  Inc.,  61  Sherman  St,  Mai- 
den  48,  Mass. 

New  England  Radiocrafters,  1156  Com- 
monwealth Ave.,  Boston  34,  Mass. 

Philmore  Mfg.  Co.  113  University  PI., 
New  York,  N.  Y.  m 

Radio  City  Products  Co.,  127  West  26th 
St..  New  York,  N.  Y. 

Richardson  Co.,  Melrose  Park  111. 

Rogan  Brothers,  2001  S.  Michigan  Ave., 
Chicago  111 

Stokes  Rubber  Co-  Jos-  Taylor  & Webster 
Sts-  Trenton,  N.  J.  . 

Syracuse  Ornamental  Co.,  581  So.  Clinton 
St-  Syracuse,  N.  Y. 

Victory  Mfg.  Co-  1722  W.  Arcade  Place, 
Chicago  12,  111.  . 

Westlnghouse  Electric  Corp-  East  Pltts- 

Woroeater’  Moulded  Plastics  Co-  8 Graf- 
ton St,  Worcester  8,  Mass. 


Knobs. 


Lacquer _ 


■ee  Finishes 


Lights _ 


see  Dials 
also  Pointers 

Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 


DIAL  LIGHTS 

Aerolux  Light  Corp.,  653  11th  Ave.,  New 

Vnplr  IQ  Y. 

Bud  Radio,  Inc.,  2118  E.  65th  St,  Cleve- 

Carlton^Lamp  Corn,  730  South  13th  St, 

CincheMfgk  Corp.,  ^2335  W.  Van  Buren 

jjlai^ight  Cofof  America,  900  Broadway, 

DratoeMfg°Co3,'  ml' Hubbard  St,  Chl- 

EmeS'  Radio  * 

PMtrhth  Ave.,  New  York,  JN.  i. 
FederaiScrew  Products  Co.,  224  W.  Huron 

Generai  Electric  Co.',  Schenectady  6,  N.  Y. 

KirkSnd  CoA,  H.R.,  8- Id  King  St,  Mor- 
ristown, N.  J. 
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Kopp  Glass,  Inc.,  1 E.  42nd  Sl,  New  York 
17,  N.  Y. 

Micarta  Fabricators  Inc.,  5324  Ravens- 
wood  Ave.,  Chicago  40,  111. 

National  Union  Radio  Corp.,  15  Wash- 
ington St.,  Newark  2,  N.  J. 

Signal  Indicator  Corp.,  894  Broadway, 
New  York  3,  N.  Y. 

Tung-Sol  Lamp  Works,  Inc.,  95  Eighth 
Ave.,  Newark,  N.  J. 

Westinghouse  Electric  Corp.,  Lamp  Div., 
Bloomfield,  N.  J. 

Westinghoifse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

PILOT  LIGHTS 

Alden  Products  Co.,  117  North  Main  St., 
Brockton  64,  Mass. 

Bardwell  & McAllister,  7636  Santa  Monica 
Blvd..  Hollywood,  Calif. 

Bryant  Electric  Co.,  1421  State  St.,  Bridge- 
port, Conn. 

Bud  Radio,  Inc.,  2118  East  56  St,  Cleve- 
land 3,  Ohio 

Carlton  Lamp  Corp.,  730  South  13th  St, 
Newark  3,  N.  J. 

Cole-Hersee  Co.,  54  Old  Colony  Ave., 
Boston  27,  Mass. 

Conn,  Ltd.,  C.  G.,  Elkhart,  Ind. 
Cutler-Hammer,  Inc.,  316  North  12th  St, 
Milwaukee  1,  Wise. 

Dial  Light  Co.  of  America,  Inc.,  900 
Broadway,  New  York  3,  N.  Y. 

Drake  Mfg.  Co.,  1713  W.  Hubbard  St, 
Chicago,  III 

Federal  Screw  Products  Co.,  224  W. 

Huron  St,  Chicago  10,  111. 

Franklin  Mfg.  Corp.,  A.  W.,  176  Varick 
St,  New  York,  N.  Y. 

General  Electric  Co.,  Schenectadv  6,  N.  Y. 

^^Springfield  CI°lV  13°°  North"  9th  Stl 
^^Hartford"0!*  C^  Bartholomew  Ave., 
Kellogg  Switchboard  A Supply  Co.,  6650 
...  ,?•  9<£ro  ,4ve«  Chicago  38,  111. 
Kirkland  Co.,  H.  R.,  8-10  King  &t.,  Morris- 
town, N.  J. 

K°PYorkai7’  NnY  1 E>  42nd  St  * New 
Kuika  Electric  Mfg.  Co.,  Inc.,  30  South 
St,  Mt.  Vernon,  N.  Y. 

National  Union  Radio  Corp.,  15  Wash- 
ington  St,  Newark  2,  N.  J 

Syfacu%mNUrt  lnC"  Solvay  Statlon' 

S'^NUnyifrit0rN  bYP-  894 
SylVAve^EN^'lo^k°iU80t?i  'y0"  500  Fltth 

Tlng?igoCIiriP''  1461  w-’Gran<i  Ave..  Chl- 

WMRToohS1dENCtJ'°  Corp'  Lamp  Dlv  - 
Westinghouse  Electric  Corp.,  East  Pitts- 
^ ourgh.  Pa. 

Wood  Electric  Co.,  Inc.,  C.  D.,  826  Broad- 
way, New  York  3,  N.  Y. 


tines. 


COAXIAL  LINES 

see  Cable 


Locknuts _ 


Lockwashers _ 


see  Washers 


Loudspeakers _ 


Altec  Lansing  Corp.,  1680  N.  Vine  St,  Los 
Angeles  28,  Cal. 

American  Communications  Corp.,  306 
Broadway,  New  York,  N.  Y. 

Atlas  Sound  Corp.,  1443  39th  St.,  Brook- 
lyn, N.  Y. 

Austin  Electronic  Mfg.  Co.,  Warren,  Pa 
Bell  Sound  Systems,  Inc.,  1183  Essex  Ave 
Columbus,  Ohio 


D-24 


Best  Mfg.  Co.,  1200  Grove  St,  Irvington, 
N.  J. 

Boom  Electric  Amplifier  Corp.,  1227  W. 

Washington  Blvd.,  Chicago,  111. 

Brush  Development  Co.,  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 
Chicago  Sound  Systems  Co.,  2124  S.  Mich- 
igan Ave.,  Chicago,  III 
Cinaudagraph  Speakers,  Inc..  3911  S. 

Michigan  Ave.,  Chicago,  lit 
Consolidated  Radio  Products  Co.,  350  W. 

Erie  St,  Chicago  10,  111. 

DX  Crystal  Co.,  1200  N.  Claremont  Ave., 
Chicago  22,  I1L 
Dilks,  Inc.,  Norwalk,  Conn. 

Electronic  Sound  Engineering  Co.,  109  N. 

Dearborn  St,  Chicago  2,  I1L 
Erwood  Co.,  223  W.  Erie  St.,  Chicago,  111. 
Flock  Process  Corp.,  53  W.  21st  St,  New 
York  10,  N.  Y.  (Also  3 Quincy  St., 
Norwalk,  Conn.) 

Gates  Radio  Co.,  220  Hampshire  St.,  Quin- 
cy, 111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Instrument  Corp.,  829  Newark 
Ava,  Elizabeth  F,  N.  J. 

Guided  Radio  Corp.,  161  Sixth  Ave.,  New 
York  13,  N.  Y. 

Hallicrafter8  Co.,  2611  Indiana  Ave.,  Chi- 
cago 16,  111. 

Jensen  Radio  Mfg.  Co.,  6601  S.  Laramie 
Ave.,  Chicago,  111. 

Langevin  Co.,  Inc.,  37  W.  65th  St..  New 
York,  N.  Y. 

Lifetime  Sound  Equipment  Co.,  1101 
Adams  St.,  Toledo,  Ohio 
Magnavox  Co.,  The,  2131  Bueter  Rd.,  Fort 
Wayne  4,  Ind. 

Miles  Reproducer  Co.  Inc.,  812  Broadway. 
New  York,  N.  Y. 

National  Co.,  Inc.,  61  Sherman  St,  Malden. 
48,  Mass. 

National  Scientific  Products  Co.,  6013  N. 

Kedzle  Ave.,  Chicago  26,  III 
Olesen  Illuminating  Co.,  Ltd.,  Otto,  1560 
Vine  St,  Hollywood  28,  Calif. 
Operadio  Mfg.  Co.,  13th  A Indiana  Sts.. 
St  Charles,  I1L 

Permoflux  Corp.,  4900  W.  Grand  Ave., 
Chicago,  111. 

Philmore  Mfg.  Co.,  113  University  PI.. 
New  York,  N.  Y. 

Powers  Electronic  & Communication  Co.. 

Inc.,  Glen  Cove,  N.  Y. 

Quam-Nlchols  Co..  526  East  83rd  Place. 
Chicago  16,  III 

Racon  Electric  Co.,  Inc.,  62  E.  19th  St. 
New  York  3,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div.. 
Camden,  N.  J. 

Radio  Speakers,  Inc.,  221  E.  Cullerton  St.. 
Chicago,  111. 

Radionic  Controls,  Inc.,  3758  Belmont 
Ave.,  Chicago  18,  111. 

Rola  Co.,  Inc.,  2530  Superior  Ave..  Cleve- 
land, Ohio 

Schulmerich  Electronics  Co..  Sellersville. 
Pa. 

Simpson  Mfg.  Co.,  Mark,  188  West  Fourth 
St,  New  York,  N.  Y. 

Stephens  Mfg.  Co.,  10416  National  Blvd.. 

Los  Angeles  34,  Calif. 

Taybern  Equipment  Co.,  Inc..  120  Green- 
wich St.,  New  York  6,  N.  Y. 
Techno-Scientific  Co.,  901  Nepperhan  Ave., 
Yonkers  3,  N.  Y. 

University  Laboratories,  225  Varick  St, 
New  York,  N.  Y. 

Utah  Radio  Products  Co.,  820  Orleans  St, 
Chicago,  111. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 


Lugs  & Terminals 


Cambridge  Thermionic  Corp.,  445  Concord 
Ave.,  Cambridge,  Mass. 

Cinch  Mfg.  Corp.,  2335  W.  Van  Buren  St. 
Chicago,  11L 

Cole-Hersee  Co.,  64  Old  Colony  Ava,  Bo»- 
ton  27,  Mass. 

Cook  Electric  Co.,  2700  Southport  Ave., 
Chicago,  111. 

Dante  Electric  Mfg.  Co.,  Bantam,  Conn. 

Dossert  & Co.,  249  Huron  St,  Brooklyn, 
N.  Y. 

Eastern  Specialty  Co.,  3617-19  N.  Eighth 
St,  Philadelphia  40,  Pa. 

Electric  Auto-Lite  Co.,  Wire  A Cable  Div., 
Port  Huron,  Mich. 

Federal  Screw  Products  Co.,  224  W.  Hu- 
ron St,  Chicago  10,  III 

Franklin  Mfg.  Corp.,  A.  W.,  175  Varick 

Cf  Wpm  Vrtrlf  M Y 

General  Cement  Mfk- Co.,  919  Taylor  Av, 
Rockford,  111. 

General  Electric  Co.,  Bridgeport  Conn. 

Gits  Molding  Corp.,  4600  Huron  St,  Chi- 
cago, I1L 

Grammes  A Sons,  Inc.,  L.  F.,  389  Union 
St.  Allentown  2,  Pa. 

Harvey  Radio  Laboratories,  Inc.,  447  Con- 
cord Ave.,  Cambridge,  Masa 

Hatheway  Mfg.  Co.,  Bridgeport,  Conn. 

Hey  man  Mfg.  Co.,  Kenilworth,  N.  J. 

Ideal  Commutator  Dresser  Co..  1291  Park 
Ave.,  Sycamore,  III  , 

llsco  Copper  A Tube  Product  Inc..  Marle- 
mont  Ava,  Marlemont  27,  Ohio 


Industrial  Screw  A Supply  fco.,  713  W. 
Lake  St,  Chicago  6.  Ill 


Aircraft  Products  Co.,  3502  E.  Pontiac 
St,  Fort  Wayne,  Ind. 

Aircraft-Marine  Products,  Inc..  1623  N. 

Fourth  St,  Harrisburg.  Pa. 

American  Brass  Co.,  Waterbury  88,  Conn 
Atlas  Products  Corp.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Barker  A Williamson.  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bead  Chain  Mfg.  Co..  110  Mt.  Grove  St 
Bridgeport  5,  Conn. 

ChS;  ft  '!,4,647  W Va"  B«ren  St.. 

BlrnNew  foark°N  °Y  InC"  145  HudS°"  St- 

Bua.nR„ada,3°;&'2i18  K 56  St-  Cle™- 

BUrB,yvdE^ewe?onAI  B™Ckner 


see  Blue  and  Black-White 
Printing  Machines 


Machines. 


Insuline  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Jones,  Howard  B.,  2460  W.  George  St 
Chicago  18,  I1L  , 0 .... 

Kellogg  Switchboard  A Supply  So.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 

Krueger  & Hudepohl,  232-8  Vine  St.,  Cin- 
cinnati 5,  Ohio  _ „ .. 

Kulka  Electric  Mfg.  Co.,  Inc.,  30  South 
St.,  Mt  Vernon,  N.  Y. 

Lewis  Engineering  Co.,  62  Rubber  Ave.. 
Naugatuck,  Conn. 

Manufacturers  Screw  Products.  270  vs 
Hubbard  St,  Chicago,  111. 

Morse  Co.,  Frank  W.,  301  Conitrew  St 
Boston  10,  Mass. 

National  Fabricated  Products,  2650  Bei- 
den  Ave.,  Chicago  47,  III 

Penn-Union  Electric  Corp.,  316  State  ».t 
Erie,  Pa. 

Philmore  Mfg.  Co..  113  University  Plat* 
New  York,  N.  Y. 

Rajah  Co.,  Locust  Ave.,  Bloomfield,  N.  J 

Schott  Co.  Walter  L.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills.  Calif. 

Scovill  Mfg.  Co.,  99  Mill  St.,  Waterbury 
91,  Conn.  „ , 

Shakeproof,  Inc.,  2601  N.  Keeler  Ave. 
Chicago  39,  I1L  . 

Sherman  Mfg.  Co.,  H.  B.,  Battle  Creek. 

Smith  Mfg.  Co.,  Nathan  R.,  105  Pasadena 
Ave.,  South  Pasadena,  Calif. 

Spertij  Inc.,  Norwood  Station.  Cincinnati 

Stewart  Stamping  Corp.,  630  Central  Park 
Ave.,  Yonkers  4,  N.  Y.  . 

Stimpson  Co.,  Inc.,  Edwin  B., ,74  Frank 
lin  Ave.,  Brooklyn  5,  N.  Y. 

Templetone  Radio  Mfg.  Corp.,  New  Lon- 
don, Conn. 

Thompson-Bremer  A Co.,  1640  W.  Hud- 
bard  St,  Chicago,  111.  . „ 

United-Carr  Fastener  Corp.,  31  Ames  Si- 
Cambridge  42,  Mass.  _ 

Waterbury  Button  Co.,  835  S.  Main  »t.. 
Waterbury,  Conn. 

York  Wire  & Cable  Dlv.,  General  Electric 
Co.,  Bridgeport.  Conn. 

Zierick  Mfg.  Corp.,  385  Gerard  Ave., 
York,  N.  Y. 

Machinery.  Printing  Blue 
and  Blue  White — — 


COIL  WINDING  MACHINES 

Armature  Coll  Equipment,  Inc.,  2606  Veg* 
Ave.,  Cleveland  3,  Ohio  DoBeBil. 

Automatic  Manufacturing  Co..  900  Pas. 
Ave.,  E.  Newark,  N.  J. 
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ELECTRONIC  and  ALLIED  PRODUCTS. 
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^ 1 6 C & 1 C am  br  la"  P^fu a d el uP °3 2 , ^Pa . 

Engineering  Laboratories,  Inc  602  East 
Fourth  St.  Jtllsa  3,  Okla  Oall- 

Qlanninl  ft  Co.,  Inc.,  G.  M,,  161  E.  Call 
fornia  St.,  Pasadena,  Calif. 

Uoodall  Electric  Mfg.  Co.,  320  N.  Spruce 

St.,  Ogallala.  Neb  Thrnou 

Guthman  & Co.,  Edwin  I..  15  S.  Throop 

Ideaf  Commutator  Dresser  Co.,  1291  Park 

KahleVEng‘rg.C cS.!rie3 07  Seventh  St..  North 

MeissnepMte  Dlv.,  Maguire  Industries, 

Mico^mmimenYco.’,  80'  Trowbridge  St.. 

Cambridge  38,  Mass.  .... 

Potter  ft  Rayfietd,  Inc.,  Box  1042,  1570 
Northslde  Drive,  Atlanta,  Ga, 
Richardson-Alien  Corp..  15  West  20th  St., 

Small'eMoTors,  Vric., ' 1322  Elston  Ave., 

Soren?elnaI°Ca’,  375  Fairfield  Ave.,  Starn- 

Stevens^  Machinery  Co.,  1461  W.  Grand 

Universal  ^imflng^Co'l  1655  Elmwood 
Ave.,  Cranston  3,  R.  I. 

masking  machines 

•ee  Plasties  ft  Metal  Marking 

TESTING  MACHINES 

see  Tube  Mint  Test  Equipment 

TUBE  MANUFACTURING  MACHINES 

Eoco  High  Frequency  Corn.,  7020  Hudson 
Blvd.,  North  Bergen,  N.  J. 

Klsler  Engineering  Co.,  740  S.  13th  St.. 
Newark  3 N,  J. 

Electronic  Manufacturing  Co.,  20  Orange 
St,  Newark  2,  N.  J.  . 

Engineering  Co.,  27  Wright  St.,  Newark, 
N.  J. 

International  Machine  Works,  2027  46th 
St,  North  Bergen,  N.  J. 

Kahle  Engineering  Co..  1307  Seventh  St- 
North  Bergen,  N.  J.  ^ ^ 

Litton  Engineering  Labs.,  P.  O.  Box  749, 
Redwood  City,  Calif. 

Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J.  „„„ 

Sylvania  Electric  Products,  Inc..  600  Fifth 
Ave.,  New  York  18,  N.  Y. 


Metal  Plating  an  Plastics _ 


see  Plating-Metal 


Metals . 


Magnesium. 


see  Metals 


Magnets. 


PERMANENT  MAGNETS 

Advance  Transformer  Co.,  14  N.  May  St- 
Chicago,  111.  , a. 

Arnold  Engrg.  Co.,  147  E.  Ontario  St- 
Chicago,  111. 

Cinaudagraph  Corp.,  2 Selleck  St-  Stam- 
ford, Conn.  _ 

Crucible  Steel  Co.  of  America,  40o  Lex- 
ington Ave.,  New  York  17,  N.  Y. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 

General  Magnetic  Corp.,  2126  E.  Fort  St- 
Detroit  7,  Mich.  . . 

Indiana  Steel  Products  Co.,  6 N.  Michigan 

..  Ave.,  Chicago,  111. 

Maico  Co.,  Inc-  25  North  3rd  St.,  Minne- 
apolis, Minn. 

Scherr,  George  D-  200  Lafayette  St.  New 

„ York,  N.  Y.  T __ 

Simonds  Saw  & Steel  Co.,  Lockport,  N.  Y. 

Smith  Mfg.  Co-  Nathan  R.,  105  Pasadena 

^ Ave..  South  Pasadena,  Calif. 

Taylor-Wharton  Iron  & Steel  Co.,  Hlgh- 
bridge,  N.  J.  _ 

Thomas  & Skinner  Steel  Products  Co- 
1120  E.  23d  St.  Indianapolis,  Ind. 

Tri-United  PlastlcH  Corp.,  390  Nye  Ave- 
Irvington,  N.  J. 

Metal  Marking  Machines  — 

see  Plastic*  St  Metal  Marking 
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ALUMINUM 

Aluminum  Go.  of  America.  Gulf  Bldg.. 

Aluminum11  Finishing  Corp..  1119  E.  22nd 
St-  Indianapolis,  Ind. 

Belmont  Smelting  & Refining  Works,  Inc., 
330  Belmont  Ave.,  Brooklyn  7,  N.  Y. 

Fairmont  Aluminum  Co-  Fairmont,  West 
Va 

Reynolds  Metal  Co.,  Federal  Reserve 
Bldg-  Richmond,  Va. 

Uniform  Tubes,  Shurs  Lane  & Lauriston 
St-  Roxborough,  Philadelphia,  Pa. 

MAGNESIUM 

American  Magnesium  Corp..  2210  Har- 
vard Ave-  Cleveland,  Ohio 

Belmont  Smelting  & Refining  Works,  Ina, 
330  Belmont  Ave.,  Brooklyn  7,  N.  Y. 

Bohn  Aluminum  & Brass  Corp.,  Lafayette 
Bldg.,  Detroit,  Mich. 

Dow  Chemical  Co-  Midland,  Mich. 

NICKEL 

Ingernoll  Steel  & Disc  Co-  New  Castle, 

International  Nickel  Co.,  67  Wall  St, 
New  York  5,  N.  Y. 

Lukens  Steel  Co-  Coatesviile,  Pa. 

Superior  Metal  Corp.,  Clearing,  111. 

POWDERED  METAL  PRODUCTS 

American  Electro  Metal  Corp-  320  Yon- 
kprs  Ave  . Yonkers,  N.  x. 

Belmont  Smelting  ft  Re"ni"l,^or7ka'NInY' 
330  Belmont  Ave.,  Brooklyn  7.N.  V 

Chrysler  Corp.,  Amplex  Dlv.,  Detroit. 

Cleveland  Tungsten,  Inc.,  10200  Meeeh 
Ave-  Cleveland,  Ohio  n.  , 

Crowley  ft  Co.,  Inc.,  Henry  L.,  1 Central 
Ave.,  West  Orange,  . N.  J. 

Division  Lead  Co.,  836  W.  Klnzie  St.,  Chi- 

Koote’^inerafco.,  1609  Summer  St.,  Phl- 

Gene'raf' Anfl’ine^ft  Film  C°r^^p£v?1 
Products  Sales  Dept.,  270  Para  ave- 

(lold^mTt/BrM^femeltlng  ft  Co., 

Han|*  Th SSStlr  F^to^Vew 

Magna  SS’kJV  Madison  Ave.,  New 

MicrJ^FerrocaVt “products  Dlv..  Maguire 

Mori^Tr^uc^-^G^ra^^otors 

NatSr'L?aadytCo..  Ill  Broadway,  New 

PowderrkMetaUurgy  Con).,  30-48  Green 


Chace  Co-  W.  M-  1600  Beard  Ave..  De- 
troit, Mich.  ., 

Cohn  & Co.,  Sigmund,  44  Gold  St-  New 
York  N Y 

Cross,  h!,  15  Beekman  St.,  New  York, 

N Y 

Division  Lead  Co.,  836  W.  Kinxie  St., 
Chicago  22,  111. 

Driver  Co.,  William  B„  150  Riverside  Ave., 
Newark,  N.  J. 

Driver  Harris  Co..  Harrison,  N.  J. 

Fansteel  Metallurgical  Corp.,  2200  Sheri- 
dan Rd.,  North  Chicago,  111. 

Foote  Mineral  Co.,  1609  Summer  Street, 
Philadelphia,  Pa.  . 

General  Plate  Dlv.  Metals  ft  Controls 
Corp  , 34  Forest  St.,  Attleboro,  Mass. 
Goldsmith  Bros.  Smelting  & Refining  Co., 
58  E.  Washington  St.,  Chicago,  111. 
Handy  ft  Harman,  82  Fulton  St.,  New 

HaydurBros.f,'Mt!  Bethel  Rd.,  Plainfield. 

N.  J. 

International  Nickel  Co.,  Inc-  67  Wall  St- 
New  York  5,  N.  Y.  117th 

Kemet  Laboratories  Co.,  Inc-  West  117th 
St.  ft  Madison  Ave.,  Cleveland  1,  Ohio 
King  Laboratories,  Inc-  205  Oneida  St- 
Syracuse  4,  N.  Y. 

Makepeace  Co.,  D.  E-  Attleboro,  Mass. 

Ney  Co-  J.  M.,  Hartford,  Conn. 

North  American  Philips  Co..  Inc  100  East 
42nd  St,  New  York  17,  N Y. 

Olin  Industries,  East  Alton,  III. 

Peerless  Roll  Leaf  Co.,  Inc..  4517  New 
York  Ave.,  Union  City,  N.  J. 

Rapid  Electroplating  Process  Inc.,  1414 

S.  Wabash  Ave.,  Chicago  5,  III.  (elec- 
troplating ft  treating) 

Revere  Copper  ft  Brass  Ina,  230  Park 
Ave.,  New  York  17,  N.  Y. 

Riverside  Metal  Co.,  Riverside,  N.  J. 
Scovlll  Mfg.  Co.,  99  Mill  St,  Waterbury 

SImondsGSaw'  & Steel  Co., 

Swedish  Iron  ft  Steel  Coir.,  17  Battery 

Western  Brass' MUte.'rJiv  of  OUn  Indue- 

WesUn|hoSe'E|ctrlc  Corp.,  Lamp  Dlv., 

Wldov'lre^Spen'cer  Metallurgical  Corp.,  260 

WllsoSCCrnHSA\N105aChesmut  St.,  New- 
ark  5,  N.  J. 
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SPECIAL  METALS 

Allegheny  Ludlum  Steel  Corp.,  Bracken- 
Baker  ft  Co.,  113  Astor  St,  Newark  5. 

Belmont  Smelting  ^Re^^^^>rk8'j^nY| 

Bishop**  |C'cTntpfaVt?nur&,  'j..  « 
Bud«n!n=A,V2i^^er5thP|,.,  Cleve- 
Cam1lenTungs<tehn°Corp.,  544  39th  St.,  Union 

Chase*  Wrascs  i copper  Co  Inc.,  236  Grand 
St.,  Waterbury  91,  Conn. 


STEEL  ELECTRICAL 

Allegheny  Ludlum  Steel  Corp.,  Bracken- 
A me r lean’  Rolling  Mill  Co..  Curtis  St. 
Ame*W  ft°  Wire  C*d^o«keMMr 

Emplre'steef" Corporation,  n!  Bowman  St, 
Folla“est'ee°h&r^ . Third  ft  Liberty 

RepubUc  flSl°rtgo^.,  Republic  Bldg., 

Tho^esVStee?Co..0DhMaware  Ave..  Warren 

U"'|!|aHar^lv?',VSR|P“^LCssMonI 

Westinghouse  Electric  Corp.,  East  PltU- 

WheX^'leel  ^.Wheeling  Stee. 

CnrD  Bldg-  Wheeling,  w . v». 
Youngstown  Sheet  ft  Tube  Co  Stambaugh 
Bldg-  Youngstown,  Ohio 

THERMOSTATIC  metals 

Baker  ft  Co.,  113  Astor  St,  Newark  5, 
Braining  C S.  233  Spring  St,  New 
C al  1 lTo°  r*T  u ngs  t en  Corp.,  644  39th  St, 
Chacenc°on,  wyM  WOO  Beard  Ave.,  De- 
_ tr“,lt,p^te1'  Dlv , Metals  ft  Controls 
aencSroP  a4  Forest  St.  Attleboro,  Mass. 
WltaSSTfe.,  k A.,  105  Chestnut  St.,  New- 


ark 5,  N.  T- 
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Meters. 


AMMETERS 

Associated  Research  Inc.,  231  S.  Green 
St,  Chicago  7,  111. 

Boes  Co.,  W.  W.,  3001  Salem  Ave.,  Dayton, 
3,  Ohio 

Bristol  Co.,  Waterbury  91,  Conn. 
Burlington  Instrument  Co.,  214  North  4th 
St.,  Burlington,  Iowa 
Burton-Rogers  Co.,  857  Boylston  Street, 
Boston  16,  Mass. 

Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 
De  Jur-Amsco  Corp..  Northern  Blvd.  at 
45th  St,  Long  Island  City  1,  N.  Y. 
Electric  Auto-Lite  Corp.,  Toledo  1,  Ohio 
Electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio 
Electro-Mechanical  Instrument  Co.,  812 
Chestnut  St.,  Perkasie,  Pa. 

Electronic  Development  Co.,  1336  North 
Saddle  Creek  Road,  Omaha  3,  Nebr. 
Esterline-Angus  Co.,  Inc.,  P.  O.  Box  597, 
Indianapolis,  Ind. 

Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Electronic  Mfg.  Co.,  2225  So 
Hoover  St.,  Los  Angeles  7.  Calif. 
Hickok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 
J-B-T  Instruments,  Inc.,  441  Chapel  St, 
New  Haven  8,  Conn. 

Knickerbocker  Development  Corp.,  116 
Little  St.,  Belleville  9,  N.  J. 

Lewis  Engineering  Co..  52  Rubber  Ave., 
Naugatuck,  Conn. 

MB  Manufacturing  Co.,  New  Haven,  Conn. 
Marlon  Electrical  Instrument  Co.,  Man- 
chester, N.  H. 

Meters.  Inc.,  915  Riverla  Drive,  Indian- 
apolis 5,  Ind. 

Norton  Electrical  Instrument  Co.,  79  Hil- 
liard St.,  Manchester,  Conn. 

Precision  Apparatus  Co.,  92-27  Horace 
Harding  Blvd.,  Elmhurst,  L.  I.,  N.  Y 
Radio  City  Products  Co.,  127  West  26th 
St.,  New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Dlv. 
Camden,  N.  J. 

Rawson  Electrical  Instrument  Co.,  Inc . 

..  ,n.p  Potter  St-  Cambridge  42,  Mass. 
Read  rite  Meter  Works,  College  Ave., 
Bluffton,  Ohio 

Reliance  Instrument  Co.,  715  N.  Kedzie 
Ave.,  Chicago,  111. 

Rhamstlne,  J Thos.,  301  Beaubien  St- 
Detroit  26,  Mich. 

Roller-Smith,  Bethlehem,  Pa. 

Scientific  Service  Laboratories,  2225  So 
St-  Los  Angeles  7,  Calif. 
Sensitive  Research  Instrument  Co.,  9 Elm 
Ave.,  Mt.  Vernon,  N.  Y. 

Simpson  Electric  Co.,  5218  W.  Klmle  St., 
Chicago  44,  111. 

Sun  Mfg.  Co-  6323  Avondale  Ave.,  Chi- 
cago, 111. 

Superior  Instruments  Co.,  227  Pulton  St 
New  7 ork  7,  N.  Y. 

•Supreme^  Instruments  Corp.,  Greenwood, 

Technical  Products  Co  158  Madison  Ave., 

.at  Third  St,  Memphis,  Tenn. 
Thwing-Albert  Instrument  Co..  Penn  St.,. 

& Pulaski  Ave-  Philadelphia  44  Pa 
Triplett  Electrical  Instrument  Co.,’  286 
w , Hannon  Rd.,  Bluffton,  Ohio 
Welch  Scientific  Co.,  W.  M-  1515  Sedg- 
w ,wlck  St,  Chicago  10,  111.  g 

Western  Electro-Mechanical  Co.,  Inc.  300 
Broadway,  Oakland,  Calif. 

^eSbII?ghUpaEleCtriC  Gorp’  East  Pltts" 
Weston  Electrical  Instrument  Corp.,  614 
Freylinghuysen  Ave.,  Newark  5,  N.  Y. 

FIELD  INTENSITY  METERS 

narkl!;pfr™^rPa  235  Fairfleld  Ave~ 

Fad^,tadio  & Electric  Co.,  Inc  30-2n 
£ve*’  Island  City,  N.  Y 

IfoH?  N Y0rP''  200  Hudson  St;  NewJ 
General  Communication  Co.,  530  Common- 
n we,alX*?  Ave-  Bost°n  15,  Mass. 

General  Electric  Co.,  Schenectady  5,  N Y 

Genera*  Bad,<>  S°mt  o276  Mas«achusetts 
t .Av£-  Cambridge  39,  Mass. 

4o-n*Jne?rin£  Co  * 52  Rubber  Ave- 
Naugatuck,  Conn. 

arl°he»FrCtNCH  Instrument  Co-  Man- 


Measurements  Corp.,  Boonton,  N.  J. 
Pacific  Electronics,  Sprague  at  Jefferson 
St-  Spokane,  Wash. 

Radio  Corp,  of  America,  RCA  Victor  Div- 
Camden,  New  Jersey 
Richardson-Alien  Corp.,  15  West  20th  St- 
New  York  11,  N.  Y. 

FREQUENCY  METERS 

Aero  Communications,  Inc.,  231  Main  St, 
Hempstead,  L.  I.,  N.  Y. 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Barker  & Williamson,  235  Fairfleld  Ave., 
Upper  Darby,  Pa. 

Bendix  Radio  Dlv.  of  Bendlx  Aviation 
Corp.,  Baltimore  4,  Md. 

Biddle  Co-  James  G.,  1213  Arch  St.,  Phi- 
ladelphia, Pa. 

Browning  Laboratories,  Inc.,  750  Main 
St.,  Winchester,  Mass. 

Burlington  Instrument  Corp.,  214  North 
4th  St.,  Burlington,  Iowa 
Burnett  Radio  Lab.,  Wm.  W.  L.,  4 814 
Idaho  St,  San  Diego,  Calif. 
Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 
Collins  Radio  Co.,  855-35th  St-  N.  E.  Cedar 
Rapids,  Iowa 

Cardwell  Mfg.  Corp..  Allen  D-  81  Prospect 
St,  Brooklyn,  N.  Y. 

Conn  Ltd.,  C.  G-  Elkhart,  Ind. 

Daven  Co.,  191  Central  Ave.,  Newark  4, 
N . J. 

Doolittle  Radio,  Inc.,  7421  South  Loomis 
Blvd-  Chicago,  111. 

Engineering  Laboratories,  Inc-  602  East 
Fourth  St-  Tulsa  3,  Okla. 

Lrco  Radio  Laboratories,  Inc.,  Fenimore 
Ave-  Hempstead,  N.  Y. 

Espey  Mfg.  Co.,  Inc.,  33  West  46th  St- 
New  York  19,  N.  Y. 

Fadm,Radl°  & Electric  Co-  Inc.,  30-20 
' Thomson  Ave-  Long  Island  City,  N.  Y. 
Ferris  Instrument  Co.,  110-112  Cornelia 
St-  Boonton,  N.  J. 

General  Communication  Co.,  530  Common- 
wealth  Ave-  Boston  15,  Mass. 

Genera  Electric  Co-  Schenectady  5,  N.  Yr. 
General  Radio  Co.,  275  Massachusetts 
~ a't;, Cambridge  39,  Mass. 

Goodali  Electric  Mfg  Co.,  320  N.  Spruce 
St-  Ogallala,  Nebr. 

Gurley,  W.  & L.  E-  514  Fulton  St,  Troy, 

Harvey  Radio  Laboratories,  Inc.,  447  Con- 
cord  Ave.,  Cambridge,  Mass. 

Herbach  & Rademan  Co.,  Mfg.  Div.,  517 
,,  f*¥d  Philadelphia,  Pa. 

;.Fa/,1:ar'l.C,?,'  395  PaB«  Mill  Rd„ 
Palo  Alto  Calif. 

Hickok  Electrical  Instrument  Co.,  10514 
...  Dupont  Ave.,  Cleveland,  Ohio 
Higgins  Industries,  Inc.,  2221  Warwick 
Ave.,  Santa  Monica,  Calif. 

Hoffman  Radio  Corp.,  3430  S.  Hill  St  . 

, „ h"*.  Angeles  7,  Calif. 

J-B-T  Ins-trumenta,  Inc.,  441  Chapel  St., 
New  Haven  8,  Conn. 

Jefferson,  Inc.,  Ray,  40  E.  Merrick  Rd., 
Freeport.  Long  Island,  N.  Y. 
i.ampkin  Laboratories,  Bradenton,  Fla 
Ltivoie  Laboratories,  Mattawan-Freehild 
Rd.,  Morganville,  N.  J. 

Lee  N.°rtt!'up  Co"  49™  Stenton  Ave., 
Philadelphia  44,  Pa. 

Lewis  Engineering  Co.,  52  Rubber  Ave,, 
Naugatuck,  Conn. 

Li,lkYoHted\  MV  125  WeSt  17  8t-  New 

Mico  Instrument  Co.,  80  Trowbridge  St., 
Cambridge  38,  Mass. 

Mm<?"  c.°."  Jame3-  15#  Exchange  St., 

Malden,  Mass. 

XatiMimsCO''  61  sherman  St.,  Malden  48, 
North  American  Philips  Co.,  Inc  100 
r>  ,5ai,4.i42nd  st  - New  York,  N.  Y ’ 

Pacific  Eteclronlcs  Sprague  at  Jefferson 
bt.,  Spokane,  Wash. 

Rad  CaVnden  o7vA  jnerlca’  RCA  Victor  Dlv,, 
Roller-Smith,  Bethlehem,  Pa. 
bchuttig  & Co.,  9th  & Kearney  St.,  NE 
Washington  17,  D.  C 

fora.  Conn'  375  Falrfleld  Ave.,  Stam- 

SPerp!»?/rnC°1e,  Co-  Mhbhattan  Bridge 
TaHnnn  c Brooklyn  1.  New  York 

T 1 YSrk?NP Y 3°°  Ea8t  63rd  St’  New 
Transmitter  Equipment  Mfg.  Co.  Inc  345 
Hudson  St-  New  York  14  N Y ’ 
Triplett  ElecJ-rlcal  Instrument  * Co.,  286 
Harmon  Rd-  Bluffton,  Ohio 
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Weatlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 

GALVANOMETERS 

Boes  Co-  W.  W.,  3001  Salem  Ave.,  Dayton 
3,  Ohio 

Brush  Development  Co.,  3405  Perkins  Ave., 
Cleveland  14,  Ohio 

Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 

Central  Scientific  Co.,  1700  Irving  Park 
Blvd.,  Chicago  13,  111. 

Communication  Measurements  Laboratory, 
120  Greenwich  St.,  New  York,  N.  Y. 

Consolidated  Engineering  Corp.,  596  E. 
Colorado  St-  Pasadena  1,  Calif. 

De  Jur  Amsco  Corp.,  Northern  Blvd.  at 
45th  St,  Long  Island  City  1,  N.  Y. 

Engineering  Laboratories,  Inc.,  602  East 
Fourth  St-  Tulsa  3,  Okla. 

Engelhard,  Inc.,  Charles,  233  New  Jersey 
R.  R.  Ave.,  Newark  5,  N.  J. 

Fisher  Scientific  Co-  711  Forbes  St,  Pitts- 
burgh, Pa. 

G-M  Laboratories,  Inc-  4313  N.  Knox 
Ave-  Chicago,  111. 

General  Electric  Co.,  Schenectady  5,  N.  .Y. 

Geophysical  Instrument  Co-  Key  Blvd.  & 
Nash  St-  Arlington,  Va. 

Giannini  & Co.,  Inc. ; G.  M.,  161  E.  Cali- 
fornia St,  Pasadena,  Calif. 

Hathaway  Instrument  Co.,  1315  S.  Clark- 
son St-  Denver  10,  Colo. 

Heiland  Research  Corp.,  130  East  Fifth 
St-  Denver  9,  Colo. 

Hickok  Electrical  Instrument  Co.,  10514 
Dupont  Ave-  Cleveland,  Ohio 

J-B-T  Instruments,  Inc-  4 41  Chapel  St, 
New  Haven  8,  Conn. 

Leeds  & Northrup  Co-  4970  Stenton  Ave., 
Philadelphia  44,  Pa. 

Lewis  Engineering  Co.,  52  Rubber  Ave., 
Naugatuck,  Conn. 

MB  Manufacturing  Co.,  1060  State  St., 
New  Haven,  Conn. 

Marion  Electrical  Instrument  Co.,  Man- 
chester, N.  H. 

Meters,  Inc.,  915  Rlveria  Drive,  Indian- 
apolis 5,  Ind. 

Miller  Corp.,  Wm..  362  W.  Colorado  St, 
Pasadena,  Calif. 

Pfaltz  & Bauer,  Inc.,  350  Fifth  Ave.,  New 
York,  N.  Y. 

Portable  Products  Corp.,  C.  J.  Tagliabue 
Dlv-  550'  Park  Ave-  Brooklyn  5,  N.  Y. 

Rawson  Electrical  Instrument  Co.,  Inc., 
110  Potter  St-  Cambridge  42,  Mass. 

Roller-Smith,  Bethlehem,  Pa. 

Rubicon  Co-  3751  Ridge  Ave-  Philadel- 
phia, Pa. 

Sanborn  Co.,  39  Osborne  St,  Cambridge 
39,  Mass. 

Scientific  Service  Laboratories,  2225  So. 
Hoover  St-  Los  Angeles  7,  Calif. 

Sensitive  Research  Instrument  Co.,  9 Elm 
Ave.,  Mt  Vernon,  N.  Y. 

Simpson  Electric  Co.,  5218  W.  Kinzie  St., 
Chicago  44,  111. 

Technical  Products  Co.,  158  Madison  Ave. 
at  Third  St,  Memphis,  Tenn. 

Thwing-Albert  Instrument  Co.,  Penn  St. 
& Pulaski  Ave-  Philadelphia  44,  Pa. 

Welch  Scientific  Co.,  W.  M.,  1515  Sedg- 
wick St-  Chicago  10,  111. 

Westlnghouse  Electric  Corp-  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J- 

Winslow  Co.,  31  Fulton  St.,  Newark 
N.  J. 

LIGHT  METERS 

De  Jur-Amsco  Corp.,  Northern  Blvd.  at 
45th  St-  l-iong  Island  City  1,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  *• 

Hickok  Electrical  Instrument  Co.,  105  H 
DuPont  Ave-  Cleveland,  Ohio 

Leeds  & Northrup  Co.,  4970  Stenton  Ave., 
Philadelphia  44,  Pa. 

Lewis  Engineering  Co-  52  Rubber  Ave., 
Naugatuck,  Conn. 

MB  Manufacturing  Co-  1060  State  St- 
New  Haven,  Conn. 

Marion  Electrical  Instrument  Co.,  Man- 
chester, N.  H.  _ „ 

Megard  Corp.,  1601  S.  Burlington  St-  Los 
Angeles  6,  Calif.  .. 

Pfaltz  & Bauer.  Inc.,  350  Fifth  Ave-  New 
York,  N.  Y . . _ 

Photovolt  Corp.  95  Madison  Ave-  New 
York  16,  N.  Y.  ^ ... 

Pho-Tron  Instrument  Co-  6713  Euclid 
Ave-  Cleveland,  Ohio 
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ICTRONIC  and  ALLIED  PRODUCTS 


amstine,  J.  Thos.,  301  Beaubien  St, 
Detroit  26,  Mich, 

entiflc  Service  Laboratories,  2225  So. 

Hoover  St.,  Los  Angeles  7,  Calif, 
-hnical  Products  Co.,  158  Madison  Ave. 

' at  3rd  St.,  Memphis,  Tenn. 

■lch  Scientific  Co.,  W.  M.,  1515  Sedgwick 
St..  Chicago  10,  111. 

■stinghouse  Electric  Corp.,  East  Pitts- 
burgh.  Pa.  , _ 

?ston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 

MODULATION  METERS 

irker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

»es  Co.,  W.  W.,  3001  Salem  Ave.,  Dayton 

ites’  Radio  Co.,  220  Hampshire  St, 
Quincy,  Ilf.  , _ __ 

•neral  Electric  Co.,  Schenectady  5,  N.  Y. 
meral  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

;wi8  Engineering  Co.,  52  Rubber  Ave., 
Naugatuck,  Conn. 

B Mfg.  Co.,  1060  State  St.,  New  Haven, 
Conn.  _ , 

egard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

adio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

mdt  Engineering  Co.,  4757  Ravenswood 
Ave.,  Chicago,  111.  _li4 

Vsilnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa.  _ . , . 

'eston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 


OHMMETERS 

ssociated  Research,  Inc.,  231  South  Green 
St.,  Chicago  7,  111. 

■iddle  Co.,  James  G.,  1213  Arch  St., 
Philadelphia,  Pa. 

ioes  Co.,  W.  W.,  3001  Salem  Ave.,  Day- 
ton  3,  Ohio  . 

iurlington  Instrument  Corp.,  214  North 
4th  St,  Burlington,  Iowa 
>e  Jur  Amsco  Corp.,  Northern  Blvd.  at 
45th  St,  Long  Island  City  1,  N.  Y 
Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio 
Slectronic  Development  Co.,  1336  North 
Saddle  Creek  Road,  Omaha  3,  Nebr. 
•>pey  Mfg.  Co.,  Inc.,  33  West  46th  St.. 
New  York  19,  N.  Y. 

Jeneral  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Electronics  Mfg.  Co.,  2225  So. 

Hoover  St.,  Los  Angeles  7,  Calif. 
General  Radio  Co.,  275  Massachusetts 
. Aye.,  Cambridge  39,  Mass, 
jray  Instrument  Co.,  64%  W.  Johnson  St., 
Clermantown,  Philadelphia,  Pa. 
urenby  Mfg.  Co.,  Plainville,  Conn. 

Hatry  & Young,  203  Ann  St.,  Hartford, 
Conn. 

Hearing  Aid  Labs,  1404  Franklin  St., 
Michigan  City,  Ind. 

Hickok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 
Holtzer-Cabot  Signal  Division,  400  Stuart 
St.,  Boston  17,  Mass. 

Ueds  & Northrup  Co.,  4970  Stenton  Ave., 
Philadelphia  44,  Pa. 

Marion  Electrical  Instrument  Co.,  Man- 
Chester,  N.  H. 

MB  Mfg.  Co.,  1060  State  St.,  New  Haven, 
Conn. 

Norton  Electrical  Instrument  Co.,  79  Hil- 
Hard  St.,  Manchester,  Conn. 

•’recision  Apparatus  Co.,  92-27  Horace 
Harding  Blvd.,  Elmhurst,  N.  Y. 

Radio  City  Products  Co.,  127  W.  26th  St., 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  New  Jersey 

Radio  Design  Co.,  1353  Sterling  Place, 
t>  Brooklyn,  N.  Y. 

Reiner  Electronics  Co.,  152  W.  25th  St., 
New  York,  N.  Y. 
er;£mith-  Bethlehem,  Pa. 

Scientific  Radio  Products  Co.,  738  W. 
...  Broadway,  Council  Bluffs,  Iowa 
Nlatlcross  Mfg.  Co.,  10  Jackson  Ave.,  Col- 
llngdale,  Pa. 

olmpson  Electric  Co.,  5218  W.  Kinzle  St, 
Chicago  44,  111. 

• Pnngfleld  Sound  Co.,  Electronics  Div.,  12 
. St,  Springfield.  Mass. 

‘ fivnt  Co.,  Inc.,  Herman  H.,  27  Park  Place, 
o„  Now  York  7,  N.  Y. 
superior  Instruments  Co.,  227  Pulton  St, 
T„  .N,ew  York  7,  N.  Y. 

enlcai  Apparatus  Co.,  1171  Tremont 
ot.,  Boston  20,  Mass. 
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Techno  Scientific  Co.,  901  Nepperhan  Ave,. 
Yonkers  3,  N.  Y. 

Thwlng-Albert  Instrument  Co..  Penn  St. 

& Pulaski  Ave.,  Philadelphia  44,  Pa. 
Triplett  Electrical  Instrument  Co.,  286 
Harmon  Rd.,  Bluffton,  Ohio 
Triumph  Mfg.  Co.,  913  W.  Van  Buren  St, 
Chicago  7,  111.  _ . , 

WTelch  Scientific  Co.,  W.  M.,  1515  Sedgwick 
St.,  Chicago  10,  111. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 
Winslow  Co.,  31  Fulton  St.,  Newark  2, 

N.  J. 

pH  METERS,  RECORDERS  & 
COMPARATORS 

Bristol  Company,  Waterbury  91,  Conn. 
Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 
Central  Scientific  Co.,  1700  Irving  Park 
Blvd.,  Chicago  13,  111. 

Coleman  Electric  Co.,  318  Madison  St., 
Maywood,  I1L 

Colloid  Equipment  Co.,  Inc.,  50  Church  bt., 
New  York,  N.  Y.  ♦ 

Commercial  Research  Labs.,  Inc.,  20  Bart- 
lett Ave.,  Detroit  3,  Mich. 

Fisher  Scientific  Co.,  711  Forbes  St.,  Pitts- 
burgh. Pa. 

Foxboro  Co.,  Foxboro,  Mass.  „ 

Gamma  Instrument  Co.,  Inc.,  95  Madison 
Ave.,  New  York  16,  N.  Y. 

General  Electric  Co.,  1 River  Rd.,  Schen- 
ectady 5 NT.  Y. 

Hellige,  Inc.,’  3718  Northern  Blvd.,  Long 
Island  City  1,  N.  Y.  _ . 

l^aMotte  Chemical  Products  Co.,  Towson  4, 
Baltimore,  Md.  , 

Leeds  & Northrup  Co.,  4970  Stenton  Ave., 
Philadelphia  44,  Pa. 

MB  Mfg.  Co.,  1060  State  St.,  New  Haven, 

Machlett1‘&  Son,  E.,  220  East  23rd  St.,  New 

National  Technical  Labs.,  820  Mission  St, 
South  Pasadena,  Calif. 

Pfaltz  & Bauer,  Inc.,  350  Fifth  Ave.,  New 
York  N Y 

Portable  products  Corp.,  C.  J.  Tagllabue 
Div.,  550  Park  Ave.,  Brooklyn  5,  N.  Y . 
Photo  volt  Corp.,  96  Mndison  Ave.,  New 

Rascher  & Betzold,  829-835  Orleans  St., 

Rubicon"^"'.  ’Il'i 51  Ridge  Ave.,  Philadel- 

Scientiflc'  Service  Laboratories,  2225  So. 

Hoover  St.,  1-os  Angeles  7,  Caiir. 
Taylor  & Co..  W.  A.,  7300  York  Road, 
Baltimore  4,  Md.  „nT  15S 

Technical  Products  Co..  P.  O.  Box  yj, 

Madison  Ave.  at  3rd  St.,  Memphis, 

Thwlng'-Albert  Instrument  Co.,  Pm"®. 

atBPulaskl  Ave.,  Philadelphia' ,4. 
Wallace  & Tlernan  Products  Inc.,  Belle 

Welch' 'Manufacturing  Co.,  W.  M„  1515 
Sedgwick  St..  Chicago  10.  111. 

Wllkens- Anderson  Co.,  Ill  N.  Canal  St, 
Chicago  6,  111. 

PHASE  ANGIE  METERS 
Amplifier  Co.  of  America,  396  Broadway, 
AndrewWCo°,rk363  East  75th  St.,  Chicago 

Edison  Inc  , Thomas  A.,  Instrument  Div . 
M1  5?' Lakeside  Ave.,  West  Orange,  N.  J. 
General  Electric  Co.,  Schenectady  5.  N. . Y. 
Hickok  Electrical  Instrument  Co.,  10sl4 
H!CDu  Pont  Ave.,  Cleveland  Ohio 
Johnson  Cn..  E.  E.  Waseca  Minn. 

Leeds  & Northrup  Co  4970  Stenton  Ave., 
Philadelphia  44,  Pa.  hh  A ve 

Lewis  Engineering  Co.,  52  Rubber  a\ 

Radioactfrp*Unf  America,  RCA  Victor  Div., 
Sorenson Co,  375  Fairfield  Ave.,  Stam- 
Westlngho'use "Electric  Corp,,  East  Pitts- 

W e s Urn  Electrical  TPN.  *V 

Frelinghuysen  Ave.,  Newara  a,  a-  -> 

POWER  LEVEL  METERS 

see  Indicators 

"Q " METERS 

Boonton  Radio  Corp.,  Boonton,  N.  J. 


Communication  Parts,  1101  N.  Paulina  St., 
Chicago  22,  111. 

Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

Electronic  Measurements  Co.,  Red  Bank, 

N.  J. 

MB  Mfg.  Co.,  1060  State  St.,  New  Haven, 
Conn. 

Megard  Corp.,  1601  S.  Burlington  St.,  Los 
Angeles  6,  Calif. 

THERMOCOUPLE  METERS 

Bailey  Meter  Co.,  1050  Ivanhoe  Rd.,  Cleve- 
land 10,  Ohio 

Boes  Co.,  W.  W.,  3001  Salem  Ave.,  Day- 
ton  3,  Ohio 

Brown  Instrument  Co.,  4428  Wayne  Ave., 
Philadelphia  44,  Pa. 

Burlington  Instrument  Corp.,  214  North 
Fourth  St.,  Burlington,  Iowa 
Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 
Electronic  Development  Co.,  1336  North 
Saddle  Creek  Road,  Omaha  3,  Nebr. 
Foxboro  Co.,  Foxboro,  Mass. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Electronics  Mfg.  Co.,  2225  So. 

Hoover 'St.,  Los  Angeles  7,  Calif. 
Hickok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 
Illinois  Testing  Labs.,  Inc.,  420  N.  LaSalle 
St.,  Chicago,  111.  , G. 

J-B-T  Instruments,  Inc.,  441  Chapel  St., 
New  Haven  8,  Conn. 

Lewis  Engineering  Co.,  52  Rubber  Ave., 
Naugatuck,  Conn. 

MB  Mfg.  Co.,  1060  State  St.,  New  Haven, 
Conn.  „ , , 

Meters,  Inc.,  915  Riveria  Drive,  Indian- 
apolis 5,  Ind.  . m „ . 

Portable  Products  Corp.,  C.  J.  Tagjliabue 
Div.,  550  Park  Ave.,  Brooklyn  6,  N.  Y. 
Rawson  Electrical  Instrument  Co.,  Inc., 
110  Potter  St.,  Cambridge  42,  Mass. 
Roller-Smith,  Bethlehem,  Pa. 

Sensitive  Research  Instrument  Co.,  9 Elm 
Ave.,  Mt.  Vernon,  N.  Y.  , 

Simpson  Electric  Co.,  6218  W.  Kinzle  St., 

Thwing Albert  instrument  Co.,  Penn  St.  & 
Pulaski  Ave.,  Philadelphia  44,  Pa. 
Triplett  Electrical  Instrument  Co., 
Harmon  Rd.,  Bluffton,  Ohio 
Welch  Scientific  Co.,  W.  M.,  1516  Sedgwick 
St..  Chicago  10.  Illinois 
Westinghouse  Electric  Corp.,  East  Pitts- 

Weston^Electrical  Instrument  Corp..  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 

TIME  METERS 

Amercian  Time  Products,  Inc.,  580  Fifth 

CramAeVreCo?R.  ter iJook.  Conn. 

Electric  Tachometer  Corp.,  ®”>ad  & Spring 
Garden  Sts.,  Philadelphia,  I a. 
Esterline-Angus  Co.,  Inc.,  P.  O.  Box  5»b, 
Indianapolis,  Ind.  . k xr  v 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Haydon  Manufacturing  Co.  Inc.,  Forest- 

Hickok^Electrlcal  Instrument  Co.,  10514 
no  Pont  Ave.,  Cleveland,  Ohio 
Industrial  Timer  Corp.,  117  Edison  Place, 

j_B-TenSruments,  Inc.,  441  Chapel  St., 
Lewi's  Engineering  Co", "'52  Rubber  Ave.. 
Lum?nlte8aElectrlcTo.,  407  S.  Dearborn 
NatlonalCInstromen't  Co.,  246  Walnut  St., 
Newtonville  60,  Mass.  Roosevelt 

Potter  Instrument  Co.,  136-56  Koos< i£e,t 
Ave  Flushing,  Long  Island,  N.  *• 
Richardson-Alien  Corp.,  15  West  20th  St., 

, Nen.d?nk Research'  Laboratory  Co., 
^W*422  N Putakt  M , Chicago  39,  111. 

Standard  Electric  Time  Co.,  89  Logan  St., 
WarrenTetechron  Co.,  Homer  Ave.,  Ash- 

WesHnghousrEleetric  Corp.,  East  Pitts- 
burgh, Pa. 

VACUUM  TORE  VOLTMETERS 

American  Radio  Co..  611  B.  Garfield  Ave., 
Ballantinea' Laboratories,  Inc.,  Boonton. 
Barber  V&Z'SSlhS  34-04 y Francis 
Eas,^nWi.eBc^blgcJrlp"g41  Chestnut  St, 

New  Haven,  Conn.  North 

E1<‘CSadEe  Creeek  R?S.  Omaha  3,  Nebr. 
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Espey  Mfg.  Co.,  Inc.,  33  West  46th  St., 
New  York  19,  N.  Y. 

Kerris  Instrument  Co.,  110-112  Cornelia 
St  Boonton,  N.  J. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Grenby  Mfg.  Co.,  Piainville,  Conn. 

Herbach  & Rademan  Co.,  Mfg.  Div.,  517 
Ludlow  St,  Philadelphia  6,  Pa. 

Hewlett-Packard  Co.,  395  Page  Mill  Rd., 
Palo  Alto,  Calif. 

Hickok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 

Jackson  Electrical  Instrument  Co.,  16-18 
S.  Patterson  Blvd.,  Dayton  1,  Ohio 

Knickerbocker  Development  Corp.,  116 
Little  St.,  Belleville  9.  N.  J. 

Lawton  Products  Co.,  Inc.,  624  Madison 
Ave.,  New  York  22,  N.  Y. 

MB  Manufacturing  Co.,  1060  State  St, 
New  Haven,  Conn. 

Measurements  Corp..  Boonton,  N.  J. 

Megard  Corp.,  1601  S.  Burlington  St.,  Los 
Angeles  6,  Calif. 

National  Technical  Laboratories,  820  Mis- 
sion St.,  South  Pasadena,  Calif. 

Precision  Apparatus  Co.,  92-27  Horace 
Harding  Blvd.,  Elmhurst,  N.  Y. 

Radio  City  Products  Co.,  127  West  26th 
St.,  New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radio  Design  Co.,  1353  Sterling  Place, 
Brooklyn,  N.  Y. 

Reiner  Electronics  Co.,  152  W.  25th  St., 
New  York,  N.  Y. 

Richardson-Alien  Corp.,  15  West  20th  St., 
New  York  11,  N.  Y. 

Scientific  Radio  Products  Co.,  738  W. 
Broadway,  Council  Bluffs,  Iowa 

Scientific  Service  Laboratories,  2225  So. 
Hoover  St.,  Los  Angeles  7,  Calif. 

Shallcross  Mfg.  Co.,  10  Jackson  Ave., 
Collingdale,  Pa. 

Simpson  Electric  Co.,  5218  W.  Klnzle  St, 
Chicago  4 4.  111. 

Sound  Apparatus  Co.,  233  Broadway,  New 
York  7.  N.  Y. 

Springfield  Sound  Co.,  Electronics  Div„  12 
Cass  St,  Springfield,  Mass. 

Standard  Instruments  Corp.,  568  Prospect 
Ave.,  New  York  65,  N.  Y. 

Superior  Instruments  Co.,  227  Fulton  St., 
New  York  7,  N.  Y. 

Technical  Apparatus  Co.,  1171  Tremont 
St,  Boston  20,  Mass. 

Technical  Devices  Corp.,  Beaufort  & Eagle 
Rock  Ave.,  Roseland,  N.  J. 

Televiso  Products,  Inc.,  6533  N.  Olmstead 
Ave.,  Chicago,  111. 

Weston  Electrical  Instrument  Corp.,  1714 
Frellnghuysen  Ave.,  Newark  5,  N.  J. 

White  Research,  899  Boylston  St.,  Boston, 
Mass. 


VOLTMETERS 

Aerolux  Light  Corp.,  653  Eleventh  Ave. 
New  York  19,  N.  Y. 

Associated  Research.  Inc.,  231  S.  Greer 
St,  Chicago  7,  111. 

Laborato**ies,  Inc.,  Boonton 

Boes  Co.*,  W.  W„  3001  Salem  Ave.,  Day- 
ton  3,  Ohio 

Bristol  Co.,  Waterbury  91,  Conn. 

Burlington  Instrument  Co.,  214  North  4th 
St,  Burlington,  Iowa 

Burton-Rogers  Co.,  857  Boylston  St,  Bos- 
ton 16,  Mass. 

De  Jur-Amsco  Corp.,  Northern  Blvd.  al 
45th  St,  Long  Island  City  1,  N.  Y 

Electric  Heat  Control  Co.,  9123  Inmar 
Ave.,  Cleveland  5,  Ohio 

Electro-Mechanical  Instrument  Co.,  812 
Chestnut  St..  Perkasie,  Pa. 

Electronic  Development  Co.,  1336  North 
Saddle  Creek  Road,  Omaha  3,  Nebr. 

Engelhard,  Inc.,  Charles,  233  N.  J.  R.  R 
Ave.,  Newark,  N.  J. 

Espey  Mfg.  Co.,  Inc.,  33  West  46th  St. 
New  York,  N.  Y. 

Esterline-Angus  Co.,  Inc.,  P.  O.  Box  596 
Indianapolis,  Ind. 

Ferranti  Electric,  Inc.,  30  Rockfeller 
Plaza,  New  York  20,  N.  Y. 

Ferris  Instrument  Co.,  110-112  Cornelia 
St,  Boonton,  N.  J. 

G-M  Laboratories,  Inc.,  4313  N.  Knox 
Ave.,  Chicago,  111. 

General  Electric  Co.,  Schenectady  5,  N Y 

General  Radio  Co.,  276  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Hatry  & Young,  203  Ann  St,  Hartford. 
Conn. 


Hickok  Electrical  Instrument  Co.,  10514 
Dupont  Ave.,  Cleveland,  Ohio 
Jackson  Electrical  Instrument  Co.,  16-18 
S.  Patterson  Blvd.,  Dayton  1,  Ohio 
J-B-T  Instruments,  Inc.,  441  Chapel  St., 
New  Haven  8,  Conn. 

Knickerbocker  Development  Corp.,  116 
Little  St,  Belleville  9,  N.  J. 

Lewis  Engineering  Co.,  52  Rubber  Ave., 
Naugatuck,  Conn. 

Marion  Electrical  Instrument  Co.,  Man- 
chester, N.  H. 

MB  Manufacturing  Co.,  1060  State  St., 
New  Haven,  Conn. 

Meek  Industries,  John,  Plymouth,  Ind. 
Meters,  Inc.,  915  RIveria  Drive,  Indian- 
apolis 5,  Ind. 

Norton  Electrical  Instrument  Co.,  79  Hil- 
liard St.,  Manchester,  Conn. 

Precision  Apparatus  Co.,  92-27  Horace 
Harding  Blvd.,  Elmhurst,  N.  Y. 

Radio  City  Products  Co.,  127  W.  26th  St., 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Rawson  Electrical  Instrument  Co.,  Inc., 
110  Potter  St.,  Cambridge  42,  Mass. 
Readrite  Meter  Works,  College  Ave.,  Bluff- 
ton,  Ohio 

Reliance  Instrument  Co.,  715  N.  Kedzie 
Ave.,  Chicago,  111. 

Rhamstine,  J.  Thos.,  301  Beaubien  St.,  De- 
troit, Mich. 

Roller-Smith,  Bethlehem,  Pa. 

Scientific  Radio  Products  Co.,  738  W. 

Broadway,  Council  Bluffs,  Iowa 
Sensitive  Research  Instrument  Co.,  9 Elm 
St.,  Mt  Vernon,  N.  Y. 

Shallcross  Mfg.  Co.,  10  Jackson  Ave.,  Col- 
lingdale, Pa. 

Simpson  Electric  Co.,  6218  W.  Kinzie  St., 
Chicago  44,  111. 

Sun  Mfg.  Co.,  6323  Avondale  Ave.,  Chi- 
cago, 111. 

Superior  Instruments  Co.,  227  Fulton  St., 
New  York  7,  N.  Y. 

Supreme  Instruments  Corp.,  Greenwood, 
Miss. 

Technical  Apparatus  Co.,  1171  Tremont 
St.,  Boston  20,  Mass. 

Televiso  Products,  Inc.,  6533  N.  Olmstead 
Ave.,  Chicago,  111. 

Thwlng-Albert  Instrument  Co.,  Penn  St 
& Pulaski  Ave.,  Philadelphia  44,  Pa. 
Triplett  Electrical  Instrument  Co.,  286 
Harmon  Rd.,  Bluffton,  Ohio 
Welch  Scientific  Co.,  W.  M.,  1516  Sedgwick 
St,  Chicago  10,  111. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Freylinghuysen  Ave.,  Newark  5,  N.  J. 

VOLUME  INDICATOR  METERS 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Boes  Co.,  W.  W.,  30D1  Salem  Ave.,  Day- 
ton  3,  Ohio 

Daven  Co.,  191  Central  Ave.,  Newark  4. 
N.  J . 

De  Jur  Amsco  Corp.,  Northern  Blvd.  at 
4oth  St.  Lone  Island  City  1,  N.  Y. 
Eastern  Electronics  Corp.,  41  Chester  St., 
New  Haven,  Conn. 

GatCQulncy '“ill  C°''  220  Hampahire  St.. 
General  Electric  Co.,  Schenectady  5,  N Y 
General  Electronics  Mlg.  Co.,  2225  So 
.H,o°S;r  St.,  Los  Angeles  7,  Calif. 
Hickok  Electrical  Instrument  Co.,  10514 
T DuPont  Ave.,  Cleveland,  Ohio 
Lewis  Engineering  Co..  52  Rubber  Ave, 
Naugatuck,  Conn. 

MB  Mfg.  Co.,  New  Haven,  Conn. 
Marlcn^E.ectrical  Instrument  Co.,  Man- 

Megir|geEP8,'1C6a°,i,S'  Bur>‘nston  St.  Los 

Me,earpollsn6;  Ind  R‘V°rla  Drlve-  Indlan- 
Freclslon  Apparatus  Co.,  92-27  Horace 
_ .Harding  Blvd.,  Elmhurst,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Dlv„ 
Camden,  N.  J. 

Rek  YorkU13Cjy  y73  Lafayette  St-  New 
Scientific  .Service  Laboratories.  2226  So 
State  St.,  Los  Angeles  7,  Calif. 
Simpson  Electric  Co.,  5218  W.  Kinzie  St., 
Chicago  44,  I1L 

Triplett  Electrical  Instrument  Co.,  286 
Harmon  Rd.,  Bluffton,  Ohio 
Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Frellnghuysen  Ave.,  Newark  5,  N.  J. 


Worcester  Moulded  Plastics  Co.,  8 Grafton 
St.,  Worcester  8,  Mass. 

WATTMETERS 

Bristol  Co.,  Waterbury  91,  Conn.  j 

Esterline-Angus  Co.,  Inc.,  P.  O.  Box  5tf.| 
Indianapolis,  Ind. 

General  Electric  Co.,  Schenectady  5,  a.  Y. ! 

Hickok  Electrical  Instrument  Co.,  10514  j 
DuPont  Ave.,  Cleveland,  Ohio 

Leeds  & Northrup  Co.,  4970  Stenton  Ave..  j 
Philadelphia  44,  Pa. 

Radio  City  Products  Co.t  127  West  2«th 
St,  New  York,  N.  Y. 

Rawson  Electrical  Instrument  Co.,  Inc., 
110  Potter  St,  Cambridge  42,  Mas* 

Roller-Smith,  Bethlehem,  Pa. 

Sensitive  Research  Instrument  Co.,  9 Elm 
Ave.,  Mt  Vernon,  N.  Y. 

Simpson  Electric  Co.,  5218  W.  Klnxie  8t., 
Chicago  44,  111. 

Sperry  Gyroscope  Co.,  Manhattan  Bridge 
Plaza,  Brooklyn  1,  N.  Y. 

Welch  Scientific  Co.,  W.  M.,  1515  Swig-  i 
wick  St.,  Chicago  10,  111.  I 

Westinghouse  Electric  Corp.,  East  Pitts- , 
burgh,  Pa. 

Weston  Electrical  Instrument  Corp.,  «14 
Frellnghuysen  Ave.,  Newark  5.  N.  J 


Mica. 


Asheville  Mica  Co.,  5 River  Rd.,  Bilt- 
more,  N.  C. 

Brand  & Co.,'  William,  276  Fourth  Ave.. 

New  York  10,  N.  Y. 
Continental-Diamond  Fibre  Co..  16  Chapel 
St  Newark  riel 

Comeli-Dubiller  Electric  Corp.,  1000  Ham-  j 
ilton  Blvd.,  South  Plainfield,  N.  J.  . 
English  Mica  Co.,  220  E.  42d  St,  New 
York,  N.  Y.  „ ; 

Ford  Radio  & Mica  Corp.,  538.  63rd  St. 
Brooklyn,  N.  Y. 

General  Electric  Co.,  Schenectady  o,  .V  V 
Huse  Liberty  Mica  Co..  171  Camden  St.. 
Boston,  Mass. 

Insulation  Manufacturers  Corp.,  565  w 
Washington  Blvd.,  Chicago  6,  111. 
International  Products  Corp.,  Baltimore 
18,  Md. 

Macallen  Co.,  16  Macallen  St..  Boston. 
Mass. 

Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y.  _ ' Ct 

Mica  Products  Mfg.  Co.,  69  Wooster  St  . 
New  York,  N.  Y. 

Mltchell-Rand  Insulation  Co.,  Inc..  5‘ 
Murray  St.,  New  York  7,  N.  Y. 
Munsell  & Co.,  Eugene,  200  Varick  St- 
New  York,  N.  Y. 

New  England  Mica  Co.,  Waltham,  Mass 
New  Hampshire  Mica  & Mining  Co- 
Washington  St,  Keene,  N.  H. 
Philadelphia  Mica  Corp.,  3516  N.  10th  St. 

Philadelphia  40,  Pa.  . . 

Schoonmaker  Insulation  Co.,  Inc.,  A.  o;- 
635  Greenwich  St.,  New  York  14,  N » 
Southern  Mica  Co.,  Johnson  City,  Term. 
Spruce  Pine  Mica  Co.,  Spruce  Pine,  N-  t 
Sylvania  Electric  Products,  Inc.,  500  rinr 
Ave.,  New  York  18,  N.  Y. 

Tar  Heel  Mica  Co.,  Plumtree,  N.  C. 

U.  S.  Mica  Mfg.  Co.,  1521  Circle  Avt.. 

Forest  Park,  III.  pl.t 

Westinghouse  Electric  Corp.,  East  ritu 
burgh,  Pa. 


Microammeters. 


see  Ammeters 


Microtaradmeters. 

see  Bridges 


Micrometers. 


ELECTRONIC  MICROMETERS 

Caraon  Micrometer  Corp.,  Box  5.,  Link 
Falls,  N.  J.  n pinrk- 

Hathaway  Instrument  Co.,  1315  S.  ua 
son  St,  Denver  10,  Colo.  > 

Televiso  Products,  Inc.,  6o33  N.  Oim. 

Ave.,  Chicago,  111.  _ _ . plttfi. 

Westinghouse  Electric  Corp..  East  r 

hnrirh  Pu 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


Microphones. 


Mirrors. 


American  Microphone  Co.,  1915  S.  West- 
ern Ave.,  Los  Angeles,  Calif. 

Amperlte  Co.,  561  Broadway,  New  York, 
N.  Y. 

Astatic  Corp.,  Conneaut,  Ohio 
Aurex  Corp.,  1117  N.  Franklin  St.,  Chi- 
cago, 111. 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St.,  Chicago  7,  111. 

Aviometer  Corp.,  370  West  35  th  St., 
New  York  1,  N.  Y. 

Ballantine  Laboratories,  Inc.,  Boonton, 
N.  J. 

Brush  Development  Co..  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 
Bud  Radio,  Inc.,  2118  E.  55th  St.,  Cleve- 
land 3,  Ohio 

California  Telephone  & Elec.  Co.,  6075 
W.  Pico  Blvd.,  Los  Angeles  35,  Calif. 
Chicago  Sound  Systems  Co.,  2124  S.  Michi- 
gan Ave.,  Chicago,  111. 

Connecticut  Telephone  & Electric  Div.  of 
Great  American  Industries,  Inc.,  70 
Brittania  St,  Meriden,  Conn. 

Eby,  Inc.,  Hugh  H.,  18  W.  Chelton  Ave., 
Philadelphia  13,  Pa. 

Electro  Voice  Corp.,  1239  South  Bend 
Ave.,  South  Bend,  Ind. 

Brwood  Co.,  223  W.  Erie  St.,  Chicago,  111. 
Engineering  Laboratories,  Inc.,  602  East 
Fourth  St,  Tulsa  3,  Okla. 

Federal  Telephone  & Radio  Corp.,  591 
Broad  St.,  Newark,  N.  J. 

Gates  Radio  Co.,  220  Hampshire  St, 
Quincy.  111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Globe  Phone  Mfg.  Corp.,  2 Linden  St., 
Reading.  Mass. 

Kaar  Engineering  Co.,  619  Emerson  St., 
Palo  Alto,  Calif. 

Kellogg  Switchboard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 

Lektra  Labs,  Inc.,  30  East  Tenth  St,  New 
York,  N.  Y. 

Lifetime  Sound  Equipment  Co.,  1101 
Adams  St.,  Toledo,  Ohio 
Magnavox  Co..  2131  Bueter  Rd.,  Fort 
Wayne  4,  Ind. 

Malco  Co.,  Inc.,  26  North  3rd  St.,  Minne- 
apolis,  Minn. 

Massa  Laboratories,  Inc.,  3868  Carnegie 
Ave.,  Cleveland,  Ohio  (Laboratory 
Standards) 

Miles  Reproducer  Co.,  Inc.,  812  Broad - 
way,  New  York,  N.  Y. 

Minerva  Corp.  of  America,  238  William  St., 
New  York  7,  N.  Y. 

Permoflux  Corp.,  4900  W.  Grand  Ave., 
Chicago,  111. 

Philmore  Mfg.  Co.,  113  University  PI., 
New  York,  N.  Y. 

Quam-Nichols  Co.,  526  East  33rd  Place, 
Chicago  16,  iil. 

Racon  Electric  Co.,  52  East  19th  St.,  New 
York  3,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Rauland  Corp.,  4245  N.  Knox  Ave.,  Chi- 
„ cago  41,  111. 

Remler  Co.  Ltd.,  2101  Bryant  St,  San 
Francisco  10,  Calif. 

Shure  Brothers,  225  W.  Huron  St.,  Chl- 
cago,  111. 

Telephonies  Corporation,  350  West  31st 
St,  New  York,  N.  Y. 
nbbetts  Laboratories,  Camden,  Maine 
Turner  Co.,  909  17th  St,  Cedar  Rapids, 
Iowa 

Universal  Microphone  Co.,  424  Warren 
Lane,  Inglewood,  Calif. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  6,  N.  Y. 


Microphone  Stands. 


■ee  Stands,  Microphone 

Microscopes 


see  Ammeters 


American  Lens  Co.,  Inc.,  45  Lispenard  St, 
New  York  13,  N.  Y. 

Austin  Co.,  O.,  42  Greene  St,  New  York, 
N.  Y. 

Bache  & Co.,  Semon,  636  Greenwich  St., 
New  York  14,  X.  Y. 

Bauseh  & Lomb  Optical  Co.,  635  St.  Paul 
St.,  Rochester  2,  N.  Y. 

Farrand  Optical  Co.,  Bronx  Blvd.,  & East 
238th  St,  New  York  6,  N.  Y. 

Glendale  Optical  Co.,  250  Pennsylvania 
Ave.,  Brooklyn,  N.  Y. 

Laboratory  Specialties,  144  South  Wabash 
St.,  Wabash,  Ind. 

Maberg  Optical,  Inc.,  235  East  45th  St, 
New  York  17,  N.  Y. 

Mogey  & Sons,  Inc.,  Wm..  76  Interhaven 
Ave.,  Plainfield,  N.  J. 

Pancro  Mirrors,  Inc.,  2958  Los  Feliz  Blvd., 
Los  Angeles,  Calif. 

Practo  Photo  Access.  Corp.,  383  Pearl  St.. 
Brooklyn,  N.  Y. 

Spencer  Lens  Co.,  Buffalo  11,  N.  Y. 

Zenith  Optical  Laboratory,  123  West  64th 
St.,  New  York  23,  N.  Y. 

Moisture  Prooiinq  Equip- 
ment  

General  Electric  Co.,  Schenectady  5,  N.  Y. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nebr. 

Production  Engineering  Corp.,  666  Van 
Houten  Ave.,  Clifton,  N.  J. 

Monitors.  Broadcast 


Barker  A Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Doolittle  Radio,  Inc.,  7421  S.  Loomis 
Blvd.,  Chicago,  111. 

DuMont  Laboratories,  Inc.,  Allen  B.,  2 
Main  Ave.,  Passaic,  N.  J. 

Gates  Radio  Co.,  220  Hampshire  St., 
Quincy,  111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Harvey-Wells  Electronics,  Inc.,  North  St., 
Southbridge,  Mass. 

Hart  & Co.,  Inc.,  Frederick,  Recordgraph 
Div.,  350  Madison  Ave.,  New  York 
17.  N.  Y. 

Howard  Radio  Co.,  1735  Belmont  Ave., 
Chicago  13,  111. 

Link,  Fred  M..  125  West  17th  St.,  New 
York.  N.  Y. 

Megard  Corp.,  1601  S.  Burlington  St.,  Los 
Angeles  6,  Calif. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radio  Engineering  Laboratories,  Inc., 
35-64  36th  St,  Long  Island  City,  N.  Y. 

Transmitter  Equipment  Mfg.  Co.  Ina,  345 
Hudson  St,  New  York  14,  N.  Y. 


Motor  Controls. 


see  Controls,  Motor 

Motor-Generators. 

see  Generators 


Motors. 


electron  microscopes 

Farr??.ll.0Stlcal  Co-  Inc..  Bronx  Blvd.  at 
2»8th  St,  New  York  86,  N.  T. 
general  Electric  Co.,  Schenectady  5,  N.  T. 
Radio  Corp.  of  America.  RCA  Victor  Div., 
Camden,  N.  J. 

Milliammeters 


FRACTIONAL  HORSEPOWER  and 
MINIATURE 

Air  Associates,  Inc.,  Teterboro,  N.  J. 

Air-Way  Electric  Appliance  Corp.,  2101 
Auburn  Ave.,  Toledo,  Ohio 

Alliance  Mfg.  Co.,  Lake  Park  Blvd..  Al- 
liance, Ohio 

Anco  Products  Company,  Paterson,  N.  J. 

Arma  Corp.,  254  36th  St.  Brooklyn,  N.  Y. 

Baldor  Electric  Co.,  4353  Duncan  Ave., 
St.  Louis,  Mo. 

Barber-Colman  Co.,  River  A Loomis  Sts., 
Rockford,  111.  _ 

Bendix  Aviation  Corp.,  Pacific  Div.,  11600 
Sherman  Way,  North  Hollywood, 

Bodine  Electric  Co.,  2262  W.  Ohio  St., 
Chicago,  111.  _ . ..  T 

Bogue  Electric  Company,  Paterson.  N.  J. 

Brown-Brockmeyer  Co.,  1000  S.  Smithvllle 
Rd.,  Dayton  1,  Ohio 


Burke  Electric  Co.,  12th  & Cranberry  Sts., 
Erie,  Pa. 

Carter  Motor  Co.,  1606  Milwaukee  Ave.. 
Chicago  47.  111. 

Century  Electric  Co.,  1806  Pine  St.,  St. 
Louis  3,  Mo. 

Clements  Mfg.  Co.,  6650  S.  Narragansett 
Ave.,  Chicago,  111. 

Controls  Corp.,  98  Union  St,  Worcester  8, 
Mass. 

Delco  Products  Div.,  General  Motors  Corp., 
329  E.  First  St.,  Dayton,  Ohio 
Delco  Appliance  Division,  General  Motors 
Corp.,  391  Lyell  Ave.,  Rochester,  X.  Y. 
Diehl  Mfg.  Co.,  Finderne  Plant,  Somer- 
ville. N.  J. 

Dumore  Co.,  14th  A Racine  Sts.,  Racine, 
Wls. 

Eastern  Air  Devices,  Inc.,  585  Dean  St., 
Brooklyn  17,  N.  Y. 

Eclipse-Pioneer  Div.,  Bendix  Aviation 
Corp.,  Teterboro,  N.  J. 

Eicor,  Inc.,  1501  W.  Congress  St..  Chi- 
cago 7,  III. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 
Electric  Indicator  Co.,  21  Parker  Ave., 
Stamford,  Conn. 

Electric  Motor  Corp.,  Racine,  Wis. 

Electric  Specialty  Co.,  211  South  St,  Stam- 
ford, Conn. 

Electrical  Engrg.  A Mfg.  Corp.,  4606  W. 
Jefferson  Blvd.,  Los  Angeles  16, 
Calif. 

Electrolux  Corporation,  Old  Greenwich, 
Conn. 

Emerson  Pllectrlc  Mfg.  Co.,  1824  Washing- 
ton Ave.,  St.  Louis  3,  Mo. 

Fairchild  Camera  A Instrument  Corp..  476 
Tenth  Ave.,  New  York  18,  N.  Y. 
Fidelity  Electric  Co.,  332  N.  Arch  St.. 

Lancaster,  Pa.  _ , 

Franklin  Transformer  Mfg.  Co.,  66  22nd 
Ave.,  N.  E.,  Minneapolis  13,  Minn. 
General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Industries  Co.,  Taylor  A Olive 
Sts.,  Elyria,  Ohio  _ 

Gibbs  & Co.,  Thomas  B.,  Div.  of  George 
W.  Borg  Corp.,  814  Michigan  St.. 
Delavan,  Wise. 

Gorrell  & Gorrell,  40  Littlefield  Rd..  New- 
ton Center,  Mass. 

Hamilton  Beach  Company.  Racine.  Wise. 
Hansen  Mfg.  Co..  Inc.,  Princeton,  Ind. 
Heinze  Electric  Co.,  Lowell,  Mass. 
Holtzer-Cabot,  Signal  Div.,  400  Stuart  St.. 
Boston  17,  Mass. 

Howell  Electric  Motors  Company,  Howell, 
Mich. 

Janette  Mfg.  Co.,  556  W.  Monroe  St..  Chi- 
cago 40,  111.  _ .or,  . 

Klngston-Coniey  Electric  Co.,  68  Brook 
Ave.,  North  Plainfield,  N.  J. 

Koilsman  Instrument  Div.  of  Square  D 
Company,  80-08  45th  Ave.,  Elmhurst, 
N.  Y. 

Lamb  Electric  Co.,  Kent,  Ohio 
Lear,  Incorporated,  Plqua,  Ohio 
Leece-Nevllle  Company,  5363  Hamilton 
Ave.  N.  E.,  Cleveland  14.  Ohio 
Leland  Electric  Co.,  1501  Webster  St., 
Dayton,  Ohio  _ _ . . . 

Marathon  Electric  Mfg.  Corix,  Randolph 
A Cherry  Sts.,  Wausau,  Wise. 

Master  Electric  Co.,  126  Davis  Ave.,  Day- 

Merkl°e”korff° Gear  Co.,  213  N.  Morgan  St., 

Natlonal^Hneral  Co.,  2628  N.  Pulaski  Rd.. 
Chicago  39,  111. 

Ohio  Electric  Mfg.  Co.,  6908  Maurice  Ave.. 
Cleveland  4,  Ohio 

Oster  Mfg.  Co.  of  Illinois,  John,  Genoa. 

Otis  Elevator  Company,  Yonkers.  N.  Y. 
Packard  Electric  Div.  of  General  Motors 
Corp.,  Warren,  Ohio 

Peerless  Electric  Co.,  740  W.  Market  St.. 
Warren,  Ohio 

Pioneer  Gen-E-Motor  Corp.,  *841  W.  Dick- 
ens Ave..  Chicago  39,  111. 

Radex  Corp.  of  America.  53  West  Jackson 
Blvd.,  Chicago  4,  111. 

Redmond  Co.  Inc.,  Monroe  St.,  Owosso, 
Mich. 

Reynolds  Electric  Co.,1  2650  W.  Congress 
St,  Chicago  12,  111. 

Robbins  A Myers,  1345  Lagonda  Ave., 
Springfield,  Ohio 

Russell  Electric  Co.,  364  W.  Huron  St.. 

Chicago  10,  IIL  _ 

Signal  Electric  Mfg.  Co..  19 lo  Broadway. 
Menominee,  Mich. 

Small  MotoT-s,  Inc.,  1322  Elston  Ave.,  Chi- 
cago 22,  IIL 

Smith  Mfg.  Co..  F A..  P.  O.  Box  509. 
Rochester  2,  N.  Y. 
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Speedway  Mfg.  Co.,  1834  S.  52nd  Avenue, 
Cicero  50,  111. 

Star  Electric  Motor  Co.,  200  Bloomfield 
Ave.,  Bloomfield,  N.  J. 

Sunlight  Electrical  Div.,  General  Motors 
Corp.,  523  Dana  Ave.,  Warren,  Ohio 

Thermador  Elec.  Mfg.  Co.,  5119  S.  River- 
side Drive,  Los  Angeles  22,  Calif. 

Utah  Radio  Products  Co.,  820  Orleans 
St.,  Chicago,  111. 

Victor  Electric  Products,  Inc.,  2950  Rob- 
ertson Ave..  Cincinnati  9.  Ohio 

Wagner  Electric  Corp.,  6400  Plymouth 
Ave.,  St  Louis.  Mo. 

Webster  Chicago  Corp.,  Electronics  Div., 
3825  Armitage  Ave.,  Chicago  47,  111. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wincharger  Corp.,  7th  & Division,  Sioux 
City,  Iowa 

PHONOGRAPH 

Alliance  Mfg.  Co.,  Lake  Park  Blvd.,  Al- 
liance, Ohio 

Autocrat  Radio  Co.,  3855  N.  Hamilton 
Ave.,  Chicago,  111. 

Garrard  Sales  Corp.,  401  Broadway,  New 
York  13,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  Y 

General  Industries  Co.,  Taylor  & Olive 
Sts.,  Elyria,  Ohio 

Pacific  Sound  Equipment  Co..  1534 
Cahuenga  Blvd.,  Hollywood,  Calif. 

Philmore  Mfg.  Co.,  113  University  Place, 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  New  Jersey 

Robbins  & Myers,  1346  Lagonda  Ave., 
Springfield.  Ohio 

Small  Motors,  Inc.,  1322  Elston  Ave.,  Chi- 
cago 22,  111. 

Thermador  Elec.  Mtg.  Co.,  5118  S.  Rlver- 

...  . sldl>  Dflve,  Los  Angeles  22,  Calif. 

" Chicago  Corp.,  Electronics  Dlv„ 

3825  Armitage  Ave.,  Chicago  47,  111 


TIMING 

Alliance  Mfg.  Co..  Lake  Park  Blvd.,  Al- 
nance.  Ohio 

Barber-Colman  Co.,  Rockford.  Ill 
Bodine  EJedric  Co.,  2262  W.  Ohio  St.. 
Chicago,  111. 

Deloo  Appliance  Division,  General  Motors 
Corp.,  Rochester,  N.  Y 
Eastern  Air  Devices.  Inc.,  585  Dean  St., 
Brooklyn  17,  N.  Y. 

Sf.Ker?1™ Co-  Schenectady  5.  N.  Y. 

C«,ck  9?  ' W"!-  C"  winsted.  Conn. 
Hansen  Mfg.  Co..  Princeton,  Ind. 

Haydon  Manufacturing  Co.,  Inc.,  Forest- 
ville.  Conn. 

Holtzer-Cabot  Signal  Division,  400  Stuart 
St.,  Boston  17.  Mass. 

Ingraham  Clock  Co.,  Bristol.  Conn. 

Co-  „565  W.  Washington 
Blvd.,  Chicago  6,  III, 

Lumenlte  Electric  Co.,  407  S.  Dearborn  St., 
Chicago,  111. 

Lux  Clock  Manufacturing  Co.,  95  Johnson 
St„  Waterbury,  Conn. 

MerWe-Korft  Gear  Co.,  213  N.  Morgan 
.....  StV,  Chicago  7,  111. 

Ohio  Electric  Mfg.  Co.,  5908  Maurice 
„ Ave  Cleveland  4,  Ohio 

Q lBW  ?rlc  9°  - r-td  • 1235  E.  Olympic 
o Los  Angeles  21,  Calif. 

Reys°'d8ChKC,2COin265°  W‘  C°nKreM 

RUSChica^„Ct,riC  g--  364  W-  Huron  St.. 

SP^So^Il,CO-  1834  S'  62na  Ave' 
Square  D Co.,  6060  Rivard  St,  Detroit 
11,  Mich. 

Synchronous  Products,  Inc.,  4513  Brook- 
lyn  Ave.,  Cleveland  9,  Ohio 
Thompson  Clock  Co..  H.  C.,  Bristol,  Conn. 

T m Telephoto  Equipment,  Inc.,  229 
West  43rd  St.,  New  York,  N.  Y 
Victor  Electric  Products,  Inc.,  295o'  Rob- 
.ertson  Ave.,  Cincinnati  9,  Ohio 
Wallace  & Tiernan  Products,  Inc.,  Belle- 
ville. N.  J. 

Warren  Telechron  Co.,  Ashland,  Mass 
Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 


Mountings. 


Barry  Co.,  L.  N.,  119  Sidney  St.,  Cam- 
bridge, Mass. 

Chamberlain  Laboratories,  637  Ardson  Rd., 
E.  Lansing,  Mich. 

Firestone  Industrial  Products  Co.,  1200 
Firestone  Parkway,  Akron  17,  Ohio 

General  Tire  & Rubber  Co.,  Akron,  Ohio 
and  Wabash,  Ind. 

Goodrich  Co.,  B.  F.,  500  S.  Main  St., 
Akron,  Ohio 

Goodyear  Tire  & Rubber  Co.,  Inc.,  Akron 
16,  Ohio 

Hamilton  Kent  Mfg.  Co.  Inc.,  Div.  U.  S. 
Stoneware,  Kent,  Ohio 

Harris  Products  Co.,  5105  Cowan  Ave., 
Cleveland,  Ohio 

Johns-Manville,  22  E.  40th  St.,  New  York, 
N.  Y. 

Korfund  Co.,  Inc.,  48-15  32nd  Place,  Long 
Island  City,  N.  Y. 

Lord  Mfg.  Co.,  1635  W.  12th  St,  Erie,  Pa. 

MB  Manufacturing  Co.,  Inc.,  250  Dodge 
Ave.,  East  Haven  12,  Conn. 

Racon  Electric  Co.,  Inc.,  52  E.  19th  St, 
New'  York  3,  N.  Y. 

Robinson  Aviation  Inc.,  730  Fifth  Ave., 
New  York  19,  N.  Y. 

Russell  & Stoll  Co.,  125  Barclay  St.,  New 
York  7,  N.  Y. 

Sponge  Rubber  Co.,  Shelton,  Conn. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

Vendo  Co.,  1907  Grand  Ave.,  Kansas  City, 
8,  Mo. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 


Multipliers _ 


VOLTMETER 

Associated  Research,  Inc.,  231  S.  Green 
St,  Chicago  7,  111. 

Ballantine  Laboratories,  Inc.,  Boonton, 
N.  J. 

Boes  Co.,  W.  W.,  3001  Salem  Avenue, 
Dayton  3,  Ohio 

Burlington  Instrument  Corp.,  214  North 
4th  St.,  Burlington,  Iowa 
Daven  Co.,  191  Central  Ave.,  Newark  4, 
N.  J . 

Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

Electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio 
Espey  Mfg.  Co.,  Inc.,  33  West  46th  St., 
New  York  19,  N.  Y. 

Federal  Instrument  Co.,  3931  47th  Ave 
Long  Island  City  4,  N.  Y. 

General  Electric  Co.,  Schenectady  5.  N.  Y. 
General  Electronics  Mfg.  Co.,  2225  So 
tt.  . SJatS,,St”  ,I>os  An*eles  7,  Calif. 
Hickok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 
Hewlett-Packard  Co.,  395  Page  Mill  Rd  , 
Palo  Alto,  Calif. 

Instrument  Resistors  Co.,  25  Amitv  St. 
Little  Falls,  N.  J. 

International  Resistance  Co.,  401  N Broad 
t St.,  Philadelphia  8,  Pa. 

Knickerbocker  Development  Corn  l ] 6 
Little  St.,  Belleville  9,  N.  J. 

Marion  Electrical  Instrument  Co.,  Man- 
chester, N.  H. 

Precision  Resistor  Co.,  334  Badger  Ave 
Newark  8,  N.  J. 

Rawson  Electrical  Instrument  Co.,  Inc.. 

St..  Cambridge  42.  Mass. 
Richardson- Allen  Corp.,  15  West  20th  St. 
New  ^ork  11.  N.  Y 

Shallcross  Mfg.  Co.,  io  Jackson  Ave., 
Collingdale.  Pa. 

Simpson  Electric  Co..  5218  W.  Kinzie  St., 
Chicago  44.  111. 

S^eo.E,eACtr,c  Co"  Jlorth  Adams.  Mass. 
Technical  Apparatus  Co.,  1171  Tremont 
St..  Boston  20,  Mass. 

Welch  Scientific  Co.,  W.  M.,  1515  Sedg- 
wick  St.,  Chicago  10,  Ili. 
Westinghouse  Electric  Corp.,  East  Pitts- 
burgh. Pa. 

Weston  Electrical  Instrument  Corp.,  614 
r relinghuysen  Ave.,  Newark  5,  N.  J. 


VIBRATION  INSULATING 

A.B.C.  Products.  Inc.,  11952  Montana 
Ave.,  West  Los  Angeles,  Calif. 

P-30 


Name  Plates _ 


Needles _ 


*««  Ewntcheon* 


CUTTING 

Acton  Co.,  H.  W.,  370  Seventh  Ave.,  New 
York,  N.  Y. 

Audio  Devices,  Inc.,  444  Madison  Ave., 
New  York  22,  N.  Y. 

Capps  Co.,  Frank  L.,  244  W.  49th  St, 
New  York  19,  N.  Y. 

Diamond  Tool  Replacements  Div.,  Oscap 
Mfg.  Co.,  207  W.  Saratoga  St,  Bal- 
timore 1,  Md. 

Duotone  Co.,  799  Broadway,  New  York, 
N.  Y. 

DX  Crystal  Co.,  120a  N.  Claremont  Ave., 
Chicago  22,  111. 

Eldeen  Co.,  504  N.  Water  St,  Milwaukee, 
Wise. 

Electrovox  Co.,  169  Maplewood  Ave., 
Maplewood,  N.  J. 

Emerson  Radio  & Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y. 

Federal  Recorder  Co.,  Elkhart,  Ind. 

Galvin  Mfg.  Corp..  4646  W.  Augusta  Blvd., 
Chicago  51,  111. 

Garod  Radio  Corp.,  70  Washington  St, 
Brooklyn,  N.  Y. 

General  Cement  Mfg.  Co.,  919  Taylor 
Ave.,  Rockford,  111. 

General  Phonograph  Co.,  Putnam.  Conn. 

Gould-Moody  Co.,  396  Broadway,  New 
York,  N.  Y. 

Howard  Radio  Co.,  1735  Belmont  Ave., 
Chicago  13,  111. 

J.  F.  D.  Mfg.  Co.,  4111  Fort  Hamilton 
Pkway.,  Brooklyn,  N.  Y. 

Memovox,  Inc.,  9242  Beverly  Blvd.,  Bev- 
erly Hills,  Calif. 

Miles  Reproducer  Co.,  Inc.,  812  Broadway, 
New  York,  N.  Y. 

Mirror  Record  Corp.,  58  West  25th  St, 
New  York,  N.  Y. 

Music  Master  Mfg.  Co.,  542  S.  Dearborn 
St.,  Chicago  5,  111. 

Paraloy  Co.,  600  S.  Michigan  Ave.,  Chi- 
cago, 111. 

Permo  Incorporated,  6415  RavenBWOod 
Ave.,  Chicago,  111. 

Phonograph  Needle  Mfg.  Co.,  Inc.,  42  Dud- 
ley St.,  Providence  6,  R.  I. 

Presto  Recording  Corp.,  242  W.  55th  St., 
New'  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Recordisc  Corp.,  395  Broadway,  New 
York,  N.  Y. 

Recotone  Corp.,  212  Fifth  Ave.,  New 
York,  N.  Y. 

Speak-O-Phone  Recording  & Equipment 
Co.,  23  W.  60th  St.,  New  York,  X.  Y. 

Wilcox  Gay  Corp.,  Charlotte,  Michigan 

0 

PLAY  BACK 

Acton  Co.,  H.  W.,  370  Seventh  Ave.,  New 
York,  N.  Y. 

Audak  Co.,  500  Fifth  Ave.,  New  York, 
N.  Y. 

Audio  Devices  Inc.,  444  Madison  Ave., 
New  York  22,  N.  Y. 

Boetsch  Brothers,  221  E.  144th  St..  New 
York  51,  N.  Y. 

Capps  Co.,  Frank  L.,  244  W.  49th  St, 
New  York  19,  N.  Y.  „ , 

Duotone  Co.,  799  Broadway,  New  *ork, 
N.  Y. 

DX  Crystal  Co.,  1200  N.  Claremont  Ave.. 
Chicago  22,  111. 

Eldeen  Co.,  504  N.  Water  St.,  Milwaukee, 
Wise. 

Electrovox  Co.,  169  Maplewood  Ave., 
Maplewood,  N.  J.  . 

Galvin  Mfg.  Corp.,  4545  W.  Augusta  Blvd.. 
Chicago  51,  111. 

Garod  Radio  Corp.,  70  Washington  St, 
Brooklyn,  N.  Y. 

Garrard  Sales  Corp.,  401  Broadway,  New 
York  13,  N.  Y.  m . „ 

General  Cement  Mfg.  Co.,  919  Taylor 
Ave.,  Rockford,  111. 

General  Phonograph  Co.,  Putnam,  Conn. 

Gerett  Corp.,  M.  A.,  724  W.  Winnebago 
St.,  Milwaukee  6,  Wise. 

Gould-Moody  Co.,  395  Broadway,  New 
York,  N.  Y. 

Harris  Mfg.  Co.,  2422  W.  Seventh  St., 
Los  Angeles,  Calif. 

Howard  Radio  Co.,  1735  Belmont  Ave., 
Chicago  13,  111.  „ 

J.  F.  D.  Mfg.  Co.,  4111  Fort  Hamilton 
Pkway.,  Brooklyn,  N.  Y. 

Jensen  Industries,  Inc.,  737  N.  Michigan 
Ave.,  Chicago  11,  111.  ^ 

Lowell  Needle  Co.,  1 Wildore  St,  Putnam, 
Conn. 
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iELECTRONK  and  AIDED  PRODUCTS. 


JH  Clock  Manufacturing  Co.,  Waterbury, 

teroo?S;  Inc..  9242  Beverly  Blvd.,  Bev- 

UleBrReffroduoer  Co.,  Inc.,  812  Broadway. 

Un-oreReJo°rt ’Corp.T'68  W.  25th  St„  New 

lu8lc°Master  Mfg.  Co.,  542  S.  Dearborn 

fcrafoy  Ca^Ioo^S.  Michigan  Ave..  Chl- 

Nrmo*°incorporated,  6415  Ravenewood 

KanaUehl ^Chemical  Co.,  104  Lakevlew 

Phonograph NeedUe  Mfg. ' Co. , Inc.,  42  Dud- 
lev  St.  Providence  5,  R.  I.  . 

Presto  Recording  Corp.,  242  W.  65th  St, 
yam  York  N Y. 

[ Radio  Corp.  of' America,  RCA  Victor  Dlv., 

|Seco?one^Conn!'  21*2  Fifth  Ave.,  New  York, 
’ Y 

:Becordit  Co.,  The,  555  Bedford  Ave.,  Uni- 
versity City,  Mo. 

:8hure  Brothers,  225  W.  Huron  St.,  Chl- 
C&KO  111. 

Sptak-O-Phone  Recording  A Equipment, 
23  W.  60th  St.,  New  York,  N.  Y. 

Stark  Sound  Engrg.  Corp.,  P.  O.  493, 
Fort  Wayne  1,  Ind. 

Wilcox  Gay  Corp.,  Charlotte,  Mich. 


Square  D Company,  6060  Rivard  St, 
Detroit  11,  Michigan 
Times  Telephoto  Equipment,  Inc.,  229  West 
43rd  St,  New  York,  N.  Y. 

Zenith  Optical  Co.,  12$  West  64th  St, 
New  York  23,  X.  Y. 


Oscillators. 


IllcJreZ- 


see  Metals 


Nickel  Tubing 

•ee  Tubing,  Metal  A Alloy 

Noise  Analyzers — 

see  Analysers 

Noise  Filters - — 

see  Filters 

Noise  Recorders, — 

see  Recorders 

Nuts,  Sell-Locking — 

see  Fasteners 

Optical  Equipment 

; American  Lens  Co.,  Inc.,  45  Lispenard 
. St.,  New  York  13,  N.  Y. 

American  Optical  Co.,  Scientific  Instru- 
ment  Dlv.,  Buffalo  11,  N.  Y. 

Bausch  & Lomb  Optical  Co.,  635  St.  Paul 
rv  .M.treet*  Rochester  2,  N.  Y. 
instillation  Products,  Inc.,  755  Ridge  Rd. 
,,  W.,  Rochester,  N.  Y. 

Eastman  Kodak  Co.,  Rochester  4,  N.  Y. 
Electronic  Products  Mfg.  Co.,  7300  Huron 
River  Drive,  Dexter,  Mich, 
i'arrand  Optical  Co.,  Inc.,  Bronx  Blvd.  & 
East  238th  St,  New  York  66,  N.  Y. 
Federal  Mfg.  & Engrg.  Corp.,  199-217 
Steuben  St,  Brooklyn,  N.  Y. 

'--aertner  Scientific  Corp.,  1201  Wright- 
..  wood  Ave.,  Chicago,  111. 
j 'amma  Instrument  Co.,  Inc.,  95  Madison 
; u Ave.,  New  York  16,  N.  Y. 

Herron  Optical  Co.,  705  West  Jefferson 
in.4B  v<*-  Los  Angeles  7,  Calif, 
instrument  Optics  Co.,  1872  Genesee  St., 

1 Buffalo  11,  N.  Y. 

, nternational  Industries,  Inc.,  Ann  Arbor, 

: v Mich. 

t I Anlghls  Co..  James,  131  S.  Wells  St, 

4 V,aKSand^,Ch- 

*aberg  Optical,  Inc.,  236  East  45th  St, 
I York  N.  Y. 

, Mogey  & Sons,  Inc.,  Wm.,  76  Interhaven 
I Pa.AveM  Plainfield,  N.  J. 
i W oo  Engineering  Products  Co.,  16  W. 

Perirl 5nlSt-  New  York  10-  N-  Y- 
i I 'Elraer  Corp.,  Glenbrook,  Conn. 

scherr,  George,  128  Lafayette  St.,  New 
\ *ork,  N.  Y. 
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AUDIO-FREQUENCY  ^ 

American  Instrument  Co.,  8030  Georgia 
Ave.,  Silver  Spring,  Md. 

American  Radio  Co.,  611  E.  Garfield  Ave., 

Glendale,  Calif.  j 

Amplifier  Co.  of  America,  396  Broadway, 

New  York,  N.  Y.  ] 

Audio  Tone  Oscillator  Co.,  237  John  St, 

Bridgeport  3,  Conn.  „ ,,  , ] 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Boonton  Radio  Corp.,  Boonton,  N.  J. 

Carron  Mfg.  Co.,  415  S.  Aberdeen  St., 
Chicago  111. 

Clough-Brengle  Co.,  5501  N.  Broadway, 
Chicago  22,  111.  „ 

Collins  Radio  Co.,  8»o-3oth  St.,  N.  E., 

Control"  "coro^MO  Stinson  Blvd.,  Mlnne- 

Dayra>°Radio^Corp.,  915  Valley  St.,  Day- 

Eastern  Electronics  Corp.,  41  Chestnut  St, 
New  Haven,  Conn. 

Electro  Engineering  A Co.,  «*7  W' 

Alexandrine  Ave.,  Detroit  1,  Mich. 
Electro  Products  Laboratories,  649  vv. 

Randolph  St.,  Chicago,  III. 

Espey  Mfg.  Co.,  Inc.,  33  West  46th  St., 

Fada'Radm°AkElectrIc  Co  . 30-20  Thomson 
Ave.,  Long  Island  City,  N.  Y. 

Federal  Telephone  & Radio  Corp.,  591 
Broad  St.,  Newark,  N.  J. 

' General  Communication  Co.,  530  Common- 
wealth Ave.,  Boston  15  Mass. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Hearing  Aid  Labs.,  1404  Franklin  St, 
Michigan  City,  Ind. 

Herbach  A Rademan  Co , Mfg.  Dlv.,  617 
Ludlow  St.,  Philadelphia  6,  Pa. 
Hewlett-Packard  Co.,  395  Page  Mill  Rd., 
Palo  Alto,  Cal.  i/vkia 

Hickok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 
Insullne  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y. 

Jackson  Electrical  Instrument  Co  .16-18 
s.  Patterson  Blvd.,  Dayton  1,  Ohio 
Jefferson.  Inc.,  Ray,  40  E.  Merrick  Rd., 
Freeport,  L.  I.,  N.  Y.  _ 11R 

Knickerbocker  Development  Corp.,  116 

Leeds'  & 'North  ™ p"  Co.,^  970  Stenton  Ave., 
Mal^St11  North  3rd  St,  Min- 

Megard  P Corp!,*  S Burlington  St., 

Mille^T°Mfgnceoe,SJa'mes,  150  Exchange  St, 
Pacl^Electronlcs,  Sprague  at  Jefferson 
Philharmonic  RRadlo^ Corp.,  528  East  72nd 

RadlotCorpWof^AmerU»:  RCA  Victor  Dlv., 
Radio"*  Design  Co.,  1353  Sterling  Place, 
Reine^Efiectronlcs  Co.,  152  W.  25th  St., 
R,eberiWmc'.?rF'raNnk  ilW  W.  Pico  Blvd.. 

Rowe"**  Radio6  Research  "Laboratory  Co., 

RO"2422  N Pulaski  M.,  Chicago  |9,  111. 
Scientific  Service  Laboratories,  2225  So. 

Hoover  St.,  Los  Angeles  7,  Lallt 
Signal  Electronic  A Mfg.  Co.,  114  Eas 

Slmp\onllekricWcI,  6218  W.  Kinsle  St. 

Slm^Mg44’#'.  1-  Mark  188  W. 

Fourth  St.,  New  York,  N.  Y. 

Sonora  Radio  A Televls  on  Coro.  2626  W. 

Washington  St.,  Chicago  28,  IH. 
Standard  Instruments  Corp.,  568  Prospect 

Ave.  New  York  55,  N.  Y.  . 

Supreme  Instruments  Corp..  Greenwood, 

Technical  Apparatus  Co.,  1171  Tremont 
St.,  Boston  20,  Mass.  Huron 

Telegraph  Apparatus  Co.,  325  W.  Huro 

St.,  Chicago,  111.  Olmsted 

Televlso  Products,  Inc.,  6533  N.  Olmsted 
Ave.,  Chicago,  III. 


Templetone  Radio  Mfg.  Corp.,  New  Lon- 
don, Conn. 

Transmitter  Equipment  Mfg.  Co., 

345  Hudson  St.,  New  York  14,  N.  Y. 
Triumph  Mfg.  Co.,  913  W.  Van  Buren  St., 
Chicago  7,  111.  . 

United  Cinephone  Corp.,  35  New  Litch- 
field St.,  Torrington,  Conn 
United  Transformer^Con>-,  150  Varlck  at., 

Western  Electric  Co.  Inc.,  120  Broadway, 

White  Research,  899  Boylston  St.,  Boston, 
Mass. 

RADIO-FREQUENCY 

A.  R.  F.  Products,  7627  Lake  St.,  River 

Baldwin  Locomotive  Works,  Eddystone, 

Barker'  A Williamson,  235  Fairfield  Ave., 

Relmont^Kadio'coro^  6921  Dickens  Ave., 

Breon  Laboratories,  607  RoBe  Street, 
Williamsport,  Pa.  ... 

Burnett  Radio  Lab.,  Wm.  W.  L„  4814 
Idaho  St.,  San  Diego,  Calif. 
Clough-Brengle  Co.,  5501  N.  Broadway, 

Collins '°Radlo2,Co.!'  855  35th  St.,  N.E., 
Cont?ofacro^:P6d080  Stinson  Blvd..  Mlnne- 
CrystaP'  Research  Labs.,  Inc.,  29  Allyn 
East?™  Electronics1'  Corp-,  41  Chestnut 
Eastern  ™ 

Elecfro’nlc  "Measurements’  Co.,  Red  Bank, 
Electronic  Products  Co.,  Ill  E.  Third  St, 
Electro'nic^Windlng  Co.,  5031  Broadway. 
Espef'S!0  Me..  33  West  46th  St. 
Federal**  J elephone  A Radio  Corp.,  691 
PerrFsrTndst?L«:  nO-112  Cornelia 

General  'JUT' 

GeneTal"  Crystal  Corp  1775  Foster  Ave., 
„ .SfStaCo:  Schenectady  5.  N.  Y 

General  Electric  ^o,  Massachusetts 

General  Radio  ^o.,  ** 

Good^  kK'^g.  CO.,  320  N.  Spruce 
St.,  Ogallala,  Nebr.  517 

ye^adelpMa^,  Pa  Rfl 

Hewlett-Packard  Co.,  i^age 

1 Hick?S>e&aia  Icnstrumen‘  Co.,  10614 

: rc: 

Angcies  6,  Lain.  , Industries, 

«-  »■»- 

Pacifte"  Electronics,  Sprague  at  Jefferson, 


Spokane,  Wash.  g East  72nd 

Philharmonic  Badio  Coro-,.^ 

St.  New  York  21  *g2_27  Horace 

Freclsion  Apparatus  C^^urst,  y. 

Prem^rrdC?ya?iV^aboratokrles,  Inc..  63 

Radi?as./p%|r5°''Y127  West  26th 

Radlf  "CoT  ^America.  RCA  Victor 
Radio1 feafimm . 13418a’  Michigan  Ave., 
Reln?r"«n!|co..  152  West  24th  St, 
Rlch^dso^'clro..  15  West  20th  St, 

Bwa’ 

Los  Angeles  34,  tain.  26  gQ 
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Signal  Electronic  & Mfg.  Co.,  114  East 
16th  Street,  New  York  3,  N.  Y. 

Simpson  Electric  Co.,  5218  W.  Klnzle  St., 
Chicago  44,  111. 

Sonora  Radio  & Television  Corp.,  2626  W. 
Washington  St,  Chicago  28,  111. 

Standard  Coil  Products  Co.,  2329  N.  Pu- 
laski Rd.,  Chicago  18,  111. 

Standard  Instruments  Corp.,  568  Prospect 
Ave.,  New  York  55,  N.  Y. 

Standard  Piezo  Co.,  Woolworth  Bldg.. 
Carlisle,  Pa. 

Supreme  Instruments  Corp.,  Greenwood. 
Miss. 

Telegraph  Apparatus  Co.,  325  W.  Huron 
St.,  Chicago,  111. 

Televlso  Products,  Inc..  6533  N.  Olmsted 
Ave..  Chicago,  111. 

Templetone  Radio  Mfg.  Corp.,  New  Lon- 
don, Conn. 

Transmitter  Equipment  Mfg.  Co.,  Inc., 
345  Hudson  St..  New  York  14,  N.  Y. 

Triumph  Mfg.  Co.,  913  W.  Van  Buren  St., 
Chicago  7,  111. 

Westlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Fre  1 i n ghuysen  Ave.,  Newark  5,  N.  J. 

White  Research,1  899  Boylston  St.,  Boston, 


Oscilloscopes _ 


CATHODE-HAY  INSTRUMENTS 

Annis  Co.,  R.  B.,  1101  N.  Delaware  St., 
Indianapolis  2,  Ind. 

Bak*JLS3,6^lcal  Co«  J-  T-»  N-  Broad  St., 

Philipsburg,  N.  J. 

Belmont  Radio  Corp.,  5921  Dickens  Ave., 
Chicago,  111. 

Browning  Labs.,  Inc.,  750  Main  St..  Win- 
chester, Mass. 

ClouRh-ErcMKle  Co.,  5501  N.  Broadway 
Chicago  22,  111. 

Commercial  Research  Labs.  Inc.,  20  Bart- 
lett  Ave.,  Detroit  3,  Mich. 

Dayco  Radio  Corp.,  915  Valley  St.,  Day- 
ton  4,  Ohio 

DuMont  Laboratories,  Inc.,  Allen  B.,  2 
Main  Ave.,  Passaic,  N.  J. 

Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

Espey  Mfg.  Co.,  Inc.,  33  West  46th  St.. 
New  York  19,  N.  Y. 

General  Communication  Co.,  530  Common- 
wealth  Ave.,  Boston  15,  Mass. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 

- Ave.,  Cambridge  39,  Mass. 

Grenby  Mfg.  Co.,  Plainville,  Conn. 

Hearing  Aid  Labs.  1404  Franklin  St., 
Michigan  City,  Ind. 

Holland  Research  Corp.,  130  East  Fifth 
St,  Denver  9,  Colo. 

Hickok  Electrical  Instrument  Co.,  10514 

r „ ^P®nt  Ave.,  Cleveland.  Ohio 

Isllp  Radio  Mfg  Corp.,  Foot  of  Beech  St., 
Islip,  New  York 

Jackson  Electrical  Instrument  Co.,  16-18 
S.  Patterson  Blvd.,  Dayton  1,  Ohio 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Millen  Mfg.  Co.,  James,  150  Exchange 
St,  Malden,  Mass. 

pac(flc  Electronics,  Sprague  at  Jefferson 
St.,  Spokane,  Wash. 

Panoramic  Radio  Corp.,  242  W.  55th  St 
, New  York  19,  N.  Y. 

Philharmonic  Radio  Corp.,  528  East  72nd 
St.,  New  York  21,  N.  Y 

C‘ty  Products  Co.,  Inc.,  127  West 
26th  St.,  New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Dlv  , 
Camden,  N.  J. 

Reiner  Electronics  Co.,  152  West  25th  St 
New  York,  N.  Y. 

Richardson-Alien  Corp.,  15  West  20th  St 
New  York  11,  N.  Y. 

Rieber,  Inc.,  Frank,  11916  W.  Pico  Blvd 
Los  Angeles  34.  Calif. 

Signal  Electronic  k Mfg.  Co..  114  East 
16th  Street.  New  York  3.  N.  Y 

Simpson  Electric  Co.,  5218  W.  Klnzie  St 
Chicago  44,  111. 

Standard  Instruments  Corp.,  568  Prospect 
Ave.,  New  York  55.  N.  Y. 

Supreme  Instrument  Corp.,  Greenwood, 
Miss. 

Sylvania  Electric  Products.  Inc.,  500  Fifth 
Ave.,  New  York  18,  N.  Y. 

Technical  Apparatus  Co.,  1171  Tremont 
St..  Boston  20,  Mass. 

Templetone  Radio  Corp.,  New  London, 
Conn. 


Triumph  Mfg.  Co.,  913  W.  Van  Buren  St., 
Chicago  7,  111. 

United  Cinephone  Corp.,  65  New  Litch- 
field St.,  Torrington,  Conn. 

Waugh  Labs.  Div.  of  Waugh  Equipment 
Co.,  420  Lexington  Ave.,  New  York 
17,  N.  Y. 

VV'estinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

White  Research,  899  Boylston  St.,  Boston, 
Mass. 


Paper 

Hee  Capacitors,  Fixed 
see  Insulntlon,  Paper 
nee  Tubing,  Paper 


Parts,  Precision 


Oscillographs. 


MOVING-CONDUCTOR 

Brush  Development  Co.,  3405  Perkins  Ave., 
Cleveland  14,  Ohio 

Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 

Engineering  Laboratories,  602  East  Fourth 
St.,  Tulsa  3,  Okla. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

Geophysical  Instrument  Co.,  Key  Blvd.  & 
Nash  St.,  Arlington,  Va. 

Hathaway  Instrument  Co.,  1315  S.  Clark- 
son St.,  Denver  10,  Colo. 

Helland  Research  Corp.,  130  East  Fifth 
St.,  Denver  9,  Colo. 

Miller  Corp.,  Wm..  362  W.  Colorado  St.. 
Pasadena,  Calif. 

Sanborn  Co.,  39  Osborne  St..  Cambridge 
39,  Mass. 

Waue-h  Labs.,  Div.,  of  Waugh  Equipment 
Co.,  420  Lexington  Ave.,  New  York 
17,  N.  Y. 

Westlnghouse  Electric  Corp.,  East  Pitts- 
burgh. Pa. 


MULTI-ELEMENT 

Brush  Development  Co.,  3405  Perkins  Ave., 
Cleveland  14,  Ohio 

Cambridge  Instrument  So.,  3732  Grand 
Central  Terminal,  New  York  17.  N.  Y. 
Electro-Medical  Laboratory,  Inc..  Hollis- 
ton.  Mass. 

Engineering  Laboratories.  Inc.,  602  East 
Fourth  St,  Tulsa  3,  Okla. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Hathaway  Instrument  Co.,  1315  S.  Clark- 
son St.,  Denver  10,  Colo. 

Helland  Research  Corp.,  130  East  Fifth 
St.,  Denver  9,  Colo. 

Metron  Instrument  Co.,  432  Lincoln  St.. 
Denver  9,  Colo. 

Miller  Corp.,  Wm.,  362  W.  Colorado  St.. 
Pasadena,  Calif. 

Sanborn  Co..  39  Osborne  St.,  Cambridge 
39,  Mass. 

Waueh  Labs..  Div.,  of  Waugh  Equipment 

?7mN42Y  LexIngton  Ave  > New  York- 
Westlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

PIEZOELECTRIC 

Alreon  Manufacturing  Corp..  Fairfax  k 
Funston  Rds.,  Kansas  City,  Kans. 
Brush  Development  Co.,  3405  Perkins 
-..Ave.,  Cleveland  14.  Ohio 
TMbbetts  Laboratories,  Camden.  Maine 
Transmitter  Equipment  Mfg.  Co.  Inc.,  845 
Hudson  St..  New  York  14,  N Y 
Waugh  Labs.  Div.,  of  Waugh  Equipment 
Co..  420^  Lexington  Ave.,  New  York 


RECORDING 

Brush  Development  Co.,  3405  Perkins  Ave 
Cleveland  14,  Ohio 

Consolidated  Engineering  Corp.,  695  E 
Colorado,  Pasadena  1.  Calif. 

Electro  Medical  Lab.  Inc..  Holliston,  Mass 

Electronic  Supply  Co.,  207  Main  St.f  Wor 
cester,  Mass. 

General  Electric  Co.,  Schenectady  5,  N.  I 

Gianninl  & Co.,  Inc.,  G.  M..  161  E.  Califor 
nla  St..  Pasadena,  Calif. 

Offner  Electronics  Inc..  5320  N.  Kedai 

_ Ave..  Chicago  25.  111. 

liahm  Instruments,  Inc.,  12  West  Broad 
way.  New  York.  N.  Y. 

Waugh  Labs..  Dlv.  of  Waugh  Equipmen 
17  ’N42Y  Lex,ns:ton  Ave.,  New  Yor! 

Westlnghouse  Electric  Corp.,  East  Pitts 
burgh.  Pa. 


Panels . 


*«*e  Cabinets 


Ace  Mfg.  Corp.,  1255  E.  Erie  Ave.,  Phila- 
delphia  24,  Pa. 

Teleoptic  Co.,  1241  Mound  Ave.,  Racine, 
Wise. 

Wadsworth  Watch  Case  Co.  Inc.,  Dayton, 
Ky.  (suburb  of  Cincinnati,  Ohio) 


Parts,  Tube— 

see  Tube  Parts 


Phonographs _ 


ELECTRIC  PHONOGRAPHS  and 
RECORD  PLAYERS 

Admiral  Corp.,  3800  W.  Cortland  St..  Chi- 
cago 47,  111. 

Andrea  Radio  Corp.,  43-20  34th  St,  Ung 
Island  City,  N.  Y. 

Ansley  Radio  Corp.,  21-10  49th  Ave.,  Long 
Island  City,  N.  Y. 

Audio  Industries,  Michigan  City,  Ind. 
Autocrat  Radio  Co.,  3855  N.  Hamilton 
Ave.,  Chicago,  111. 

Bell  Sound  Systems,  Inc.,  1188  Ess*-* 
Ave.,  Columbus,  Ohio 
Bendix  Radio  Corp.,  Baltimore  4,  Md. 

- Boetsch  Bros.,  221  E.  144th  St,  N«* 
York  51,  N.  Y. 

Chicago  Sound  Systems  Co.,  2124  S.  Mict* 
igan  Ave.,  Chicago,  111. 

Colonial  Radio  Corp.,  254  Rano  St,  But 
falo  7,  N.  Y. 

Columbia  Associates,  141  West  24th  8t 
New  York,  N.  Y.  ^ _ , 

Connecticut  Telephone  & Elec.  Dlv.,  Ore*! 

American  Industries,  Meriden,  Conn 
Crosley  Corp.,  1329  Arlington  St,  Cin- 
cinnati 3,  Ohio  . ... 

DeWald  Radio  Mfg.  Cory.,  440  Lafayette 
SL,  New  York,  N.  Y. 

DX  Crystal  Co.,  1200  N.  Claremont  A*e. 

DynaVox^Corr’, 11 40-05  21st  St,  Long 

ElecUoanAcoust{cN'Co.',  2131  Bueter  Rd 
Fort  Wayne,  Ind.  . ... 

Electromatic  Mfg.  Corp.,  88  Unlver?n) 
Place,  New  York,  N.  Y.  . 

Electronic  Corp.  of  America,  46  West  lMn 
St..  New  York  11,  N.  Y.  .. 

Emerson  Radio  k Phonograph  Corp.. 

Eighth  Ave.,  New  York,  N.  J 
Espey  Mfg.  Co.,  Inc.,  33  West  46th  St. 

New  York  19,  N.  Y.  .«*><, 

Fada  Radio  & Electric  Co.,  Inc.,  30  * 
Thomson  Ave.,  Long  Ipla"rt 
Farnsworth  Television  k Radto  ST’ 
3702  Pontiac  SL,  Fort  Wayne,  Ind- 
Freed  Radio  Corp.,  200  Hudson  St,  Ne 

Galv7n%IfgNCorp.,  4545  W.  Augusta  Blvd. 

Gar<Sh  RaSlo5  Corp. , 70  Washington  St.,  | 

Garrard°Sai&s  Corp’.,  401  Broadway, 

York  13,  N.  Y.  . Av  c v y. 

General  Electric  Co.,  Schenectady  5, 
General  Television  & Radio  m 

North  Lehmann  Ct ...  Chicago  X.  I n 
Godfrey  Mfg.  Co.,  171  S.  2nd  St.  » 

Ham^ftUo  Corp..  510  Sixth  Ave,  W 

Hands"" Mfg."  Co.,  2422  W.  Seventh  St.. 

Los  Angeles  6,  Calif.  ...  gt„ 

Hearing  Aid  Labs.,  1404  Franklin 

Michigan  City,  Ind.  . st  . 

Herbach  & Rademan  Co..  517  Ludlon 
Philadelphia  6.  Pa.  „ 

Hoffman  Radio  Corp.,  3430  S.  Hill 

Kelth^Radlo  Products.  16th  4 K St. 
MagnaTOx’co..  The,  2131  Bueter  Rd-  P011 

MeclTlndustries^John,  Plymouth. 

Megard  Corp.,  1601  S.  Burlington  St-  o 
Angeles  6,  Calif. 
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(LECIRONIC  and  ALLIED  PRODUCTS. 


Limner  Mfg.  Div.,  Maguire  Industries, 

LmMOI.^nc^aa'lz'’ Beverly  Blvd.,  Bever- 

LdwestHRadioCCo^..  909  Broadway.  Cln- 

tMnis'Cdu'stHeatnc.,  4100  Fullerton  Ave., 
H"m«jo  39.  111.  (Coin  operated ^ 

I Minerva  Corp.  of  America.  2.18  William 

q»  vptu  York  17,  N.  i ■ 

Maate  kaater  Mfg.  Co  542  S.  Dearborn 
St,  Chicago  o,  111.  q 

Sewcomb  Audio  Produda  Co  281B  S.  Hill 
St..  Los  Angeles  IS,  Calif.  . h 
Koblltt  Sparks  Industries,  Inc.,  Columbus. 

Northern  Communication  Mfg.  Co.,  210 
East  40th  St,  New  York,  N.  x. 
i Pacific  Electronics,  Sprague  at  Jefferson 
St,  Spokane,  Wash. 

Pacific  Sound  EquiprnentCo.,lo34  Cahu- 
enga  Blvd.,  Hollywood,  Calif. 

Phllco  Corp.,  Tioga  k C Sts.,  Philadei 

PhiDvairmonic  Radio  Corp.,  628  East  72nd 
St,  New  York  24,  N.  Y. 

Presto  Recording  Corp.,  242  W.  o5th  S .. 

HadioeCorp° of’ America,  RCA  Victor  Div.. 
Camden,  N.  J.  _ . . 

. Ray  Energy  k Television  Corp.  of  Amer- 
ica, 621  Fifth  Ave.,  New  York,  N.  Y. 
Recon^O-Vox.  Inc.,  721  N.  Martel  Ave.. 
Hollywood  46,  Calif. 

Re&al  Electronics  Corp.,  20  West  20th  8t.. 
New  York,  N.  Y. 

1 Rehtron  Corp.,  4313  Lincoln  Ave..  Chi- 
cago 18,  111.  „ . , . 

Rex  Products  Co.,  1313  W.  Randolph  St., 
Chicago  7,  111.  , . . 

Robinson  Recording  Laboratories.  3&i 
Ninth  St.,  Philadelphia,  Pa. 

R.^k-Ola  Mfg.  Corp.,  867  N.  Kedzie  Ave.. 

Chicago,  111.  (Coin  Operated) 

Seeburg  Corp.,  J.  P.,  1510  N.  Dayton  St., 

I Chicago,  111.  

Sentinel  Radio  Corp.,  2020  Ridge  Ave.. 

' Evanston,  III.  _ ...  . , 

Sheridan  Electro  Corp.,  2860  S.  Michigan 
Ave.,  Chicago,  111.  „ 

Signal  Electronic  & Mfg.  Co., ,114  East 
16th  Street,  New  York  3.  N.  >. 

Simpson  Mfg.  Co.,  Inc.,  Mark,  188  West 
Fourth  St.  New  York,  N.  Y. 

Sonora  Radio  k Television  Corp*.  325  is. 

Hoyne  Ave.,  Chicago  12,  111. 

SOS  Clnerna  Supply  Co.,  449  W.  42nd  St., 
New  York  18,  N.  Y. 

Sparkes  Mfg.  Co.,  318  Jefferson  St..  New- 
ark, N.  J. 

I Sparks  Withlngton  Co.,  Jackson,  Mich. 
Stewart  Warner  Corp.,  1836  Diverse) 
Pkwy.,  Chicago,  111.  * , 

btromberg-Carlson  Co.,  100  Carlson  Ha.. 

Rochester,  N.  Y.  ^ o.0 

Symphonic  Radio  k Electronic  Corp..  2o8 
Park  Sq.  Bldg.,  Boston,  Mass. 
Talk-A-Phone  Mfg.  Co.,  1512  S.  Pulaski 
Road,  Chicago  23,  111.  , 

Tech-Master  Products  Co.,  128  Prince  St., 
m New  York,  N.  Y.  m . 

Trav-Ler  Karenola  Radio  k Television 
Corp.,  571  W.  Jackson  Blvd.,  Chi- 
cago 6,  I1L 

United  Cinephone  Corp.,  65  New  Litch- 
field St,  Torrlngton,  Conn. 

Viewtone  Co.,  203  East  18th  St,  New 
York,  N.  Y.  „ 

Waters  Conley  Co.,  501  First  St.,  N.  ™ .. 

Rochester.  Minn.  _ _ 

Watterson  Radio  Mfg.  Co.,  P.  O.  Box  54, 
Dallas,  Texas  W1  . 

Wilcox  Gay  Corp.,  Charlotte,  Mich. 
W'urlitzer  ^4fg.  Co.,  Rudolph,  North  Ton- 
awanda.  N.  Y. 

Zenith  Radio  Corp.,  6001  DlckenB  Ave., 
Chicago,  111. 


Brush  Development  Com  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 

Consolidated  Engineering  Corpg  695  E. 

Colorado  St.,  Pasadena  1,  Calif. 

Electro  Products  Laboratories,  549  W. 

E.ec»'Shont^i  gar°(5S-  * Forest 

General  F&dlo'  C^I  5 Massachusetts 
Ave.,  Cambridge  3».  Mass. 

Glannlni  & Co.,  Inc..  Q.  M;,  161  E.  Cali 
fornla  St.,  Pasadena,  Calif.  k. 

Hathaway  Instrument  Co,  1316  s.  tianc 

M1.es8°SefrLod?ceenrVec,o.:0inS?1812  Broadway. 

RlebSWInI?rFVankT11916  W.  Pico  Blvd.. 

Shure°Brothers8  225  W Huron  St.,  Chi- 

Simpson”'  Mfg.  Co.  Inc.,  Mark,  188  W. 

Fourth  St..  New  York.  N.  ^ . s 

Webster  Electric  Co..  1900  Clark  s»t. 
Racine,  Wise. 

phonograph  pickups 

xrav  Mfe.  & Supply  Co.,  Inc.,  31  "7  Pine 
'St.,  SL  Louis  3,  Mo. 

\ static  Corp..  Conneaut,  Ohio  . 

Audak  Co.,  600  Fifth  Ave.,  New  York. 

Brush  Development  Co  3405  Perkins  Ave.. 

Cleveland  14.  Ohio  „ New 

Boetsch  Bros..  221  E.  144th  St.,  New 

Garrard^ Rales  Corp.,  401  Broadway.  New 
Pasadena.  Calif. 

Pacific  Sound  Equinment  Co..  1 '34 
huenga  Blvd  Hollywood.  Calif 
Pfanstlehl  Chemical  Co.,  H>4  LakeMew 

Phltmore  Mfg  Co!  US  University  Place. 

PresmC Record lng^Corp.,  242  W.  B5th  St. 

Rad£eCorp°of'  America,  RCA  Victor  Div., 

Rek-oa-£TcoN;  m Lafayette  St,  New 

ShurI°Bro1the™;  225  W.  Huron  St..  Cbl- 

Techno's'cllntlllc  Co„901  Nepperhan  Ava.. 

l3f*c»S9t..R.. 

cine,  Wise. 


Pilot  lights-. 


■ee  Lights 


Plastics 


Photocells — 

see  Tubes  (Phototubes  k Cells) 

Phototubes 

see  Tubes 

Pickups — — 

INDUSTRIAL  PICKUPS 

Audak  Co.,  600  Fifth  Ave.,  New  York. 

N.  Y. 

Audio  Tone  Oscillator  Co.,  237  John  St., 
Bridgeport  3,  Conn. 
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FABRICATORS  o!  PLASTICS 

^^^*j^^oHcg|C4037^^d*en^Ave.,,Chfcago 
Accu^UMoldlng  Corp..  «•  Nassau  St.. 
AldeSSc.  ’ North  Ma^  St.. 

Americar^ Vnsu* ato^^orp. , New  Freedom, 

American  Molded  Products  Co.,  1751  N. 

American rVhen^c*°Corp.,  1330  9.  54tb 

Andh^-pStSf  ec , : 533.41  Canal  St. 

30  Rockefeller 
Auburn 2 Button^  Works,  W.  48  Canoga 

BaerS^o.ANbT,,9NMoYntgomery  St.  Hill- 
side. N.  J.  „nward  sti  Skokie,  III. 
SAfe*  S^65tDlbkwson  St. 

Newark,  N.  J.  _.  th  st  Newark. 
Breeze  Corp.,  41  S.  sratn 

BH  W Neck 

Br,n Sff.  Newark 

Celluplastlc  Corp.,  50  Avenue 

6,  N.  J.  " 


Chi°^<l^^1<^eP(^klcago 020  N' 


Cincinnati  Molding  Co  . 2037  Florence 

C,avrndSlr»^^60ll  East  21st 
CouMSftK  irnS  Mfg.  Co.,  Plastic. 
Consol\dat^arMoMbd  P?oducU  Corp..  309 
Conffl-DfflX'c.;  16  Chape, 
Create  W-CoW.  963  Kent  Ave.. 
Cutl^-Harnmer  int,  316  North  12th  St.. 
Da,sa&  3428  N.  wens 

Davff’SaS?  Co.,1' Joseph,  Arl.ngton, 
Diemolding  Corp.,  Rasbaeh  St,  Canastota. 
Dlmco  piastlcs,  207  E.  6th  St,  Dayton, 

“•dfer PlAzaMSu  A Island  city. 

Eagle' Plastics  Corp  , 23-10  Brldge  Plaza 
Eclipse ' lAould^f  Products 'Cob^51 51  North 

Electrical  Insulation  Co..  12  Vestry  hi. 
Eleetronle^Products  Co.,  19  North  Firs, 
EmefotidGCon,eV2a91I1Aaurel  Ave.,  Arlington. 

ErieNReslstor  Corp..  644  W.  12th  «t. 

Felsemhkfft  Sons  G .4122  W.  «™nd 

FornUca  Insulation  cb.,  4662  Spring  Grove 

Franklin'  Flbrl-Lamlte?  Corp  12th  * 
^ French  Sts  Wilmington,  Del 

^s«gYo^4,\^  y 

gea^dMC»9?A  »- 

General  Laminated  Products, ^nc.,  17 

OltsMoldlri'g  Corp.,  4600  Huron  St.,  Chl- 

GoodCaan°Electrlc  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nebr.  N 

Hopp.Preas,  Inc.,  460  W.  34th  St,  mew 

HoJe°$ 'Pla'stlcb,  1720  Euclid  Ave.,  Cleve- 
Howarda  P&atlS“  Iniy  2600  Grand  Ave  . 
fmpeOToSI^  Corp..  2925  W. 
InduSarlAl1S°9nynStVetf|Ccl?i>..  60  Woo.sey 
iMufaiingFAbgtorWna,  12  East  12th 

In8Ula&n2M«ofil  Hew  York  Ave.. 
Insulat?on  1f^ oducts  Co. , 504  Richland  St.. 
I„terna«obnUarfhProtbct.  Corp.,  Baltimore 
Jorgensen^  Mfg.  Co.,,^1 547  Wes,  Farms 

Keys^'e  Specialty  Co.,  1372%  Cove  Ave., 

Cleveland,  Ohio  Brook  St. 

Kirk  Molding  Co.,  F.  J., 

^SlbbAl^dTng ‘atom  So.,  1200 

south 

Kur^Kasch  OT*  Broadway,  Day- 
N°rth  sra  m 

Mins' Co'rpM  BlmeT  f.  812  W.  Van  Buren 
St,  Chicago,  111.  AlrcI.att  control 
MoWD?v.,In335  B ? Price  St,  Philadelphia. 
Mycaiex  Corp  of  America,  60  Clifton 
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Northern  Industrial  Chemical  Co.,  7-11 
Elkins  St.  South  Boston  27,  Mass. 
Northwest  Plastics,  Inc.,  2333  University 
Ave.,  St.  Paul  4,  Minn. 

Norton  Laboratories,  520  Mill  St.,  Lock- 
port,  N.  Y. 

Panelyte  Div.,  St.  Regis  Paper  Co.,  230 
Park  Ave.,  New  York  17,  N.  Y. 
Parisian  Novelty  Co..  3510  S.  Western 
Ave.,  Chicago  9,  111. 

Parker  Engineering  Prods.  Co.,  16  West 
22nd  St.,  New  York  10,  N.  Y. 

Patent  Button  Co.  of  Tenn.,  Inc.,  2221 
Century  St,  Knoxville  8,  Tenn, 

Plastic  Manufacturers,  Inc.,  Stamford, 
Conn. 

Plax  Corp.,  133  Walnut  St.,  Hartford, 
6,  Conn. 

Poinsetta.  Inc.,  95  Cedar  Ave.,  Pitman, 
N.  J. 

Precision  Fabricators,  Inc.,  Rochester,  N.  Y. 
Printlold,  Inc.,  95  Mercer  St.,  New  York 
12,  N.  Y. 

R.  E.  C.  Mfg.  Corp.,  1250  Highland  St., 
Holliston,  Mass. 

Recto  Molded  Products,  Appleton  St.  & B. 

& O.  R.  R.,  Cincinnati,  Ohio 
Remler  Co.,  Ltd.,  2101  Bryant  St.,  San 
Francisco  10,  Calif. 

Resinous  Products  & Chemical  Co.,  222 
W.  Washington  Sq.,  Philadelphia,  Pa. 
Resistoflex  Corp.,  Belleville  9,  N.  J. 
Reynolds  Spring  Co.,  Molded  Plastics  Div., 
Reynolds  Bldg..  Jackson,  Mich. 
Richardson  Co.,  Melrose  Park,  111. 

Rogan  Brothers,  2001  S.  Michigan  Ave.. 
Chicago,  111. 

Rohm  & Haas,  222  W.  Washington  Sq., 
Philadelphia,  Pa. 

Royal  Moulding  Co.,  69  Gordon  Ave., 
Providence  5,  R.  I. 

Santay  Corporation,  351  N.  Crawford  Ave., 
Chicago  24,  111. 

Sillcocks-Miller  Co.,  10  Parker  Ave.,  W 
South  Orange,  N.  J. 

Standard  Molding  Corp.,  Dayton,  Ohio 
Stand*-d  Product  Co.,  505  Boulevard 
Bldg.,  Detroit  2,  Mich. 

Stokes  Rubber  Co.,  Jos.  Taylor  & Web- 
ster Sts.,  Trenton,  N.  J. 

Synthetic  Plastics  Co..  88  St.  Francis  St.. 
Newark,  N.  J. 

Syracuse  Ornamental  Co.,  581  So.  Clinton 
St.,  Syracuse,  N.  Y. 

Talking  Devices  Co.,  4447  W.  Irving  Park 
Ra.,  Chicago,  111. 

Tech-Art  Plastics  Co.,  41-01  36th  Ave, 
Long  Island  City  1,  N.'  Y. 

Technical  Plastics  Co.,  618  Clyde  St., 
Pittsburgh  13,  Pa. 

Tri-Unlted  Plastics  Corp.,  390  Nye  Ave 
Irvington,  N.  J. 

Tungsten  Contact  Mfg.  Co..  North  Bergen, 

Universal'  Plastics  Corp.,  235  Jersev  Ave, 
New  Brunswick,  N.  J. 

United-Carr  Fastener  Corp.,  31  Ames  St., 
Cambridge  42,  Mass. 

Varflex  Corp.,  N.  Jay  St.,  Rome.  N.  Y. 
Victory  Manufacturing  Co.,  1722  W Ar- 
„r  *ca^?e  P1*ce-  Chicago  12,  III. 
Waterbury  Companies,  Inc.,  835  Main  St., 
Waterbury,  Conn. 

Watertown  Mrg.  Co.,  Watertown,  Conn. 

^TIw^oJ^ibVy  296  F,fth  Av— • 

Western  Felt  Works.  4023  Ogden  Ave., 
Chicago,  111. 

Western  Lithograph  Co.,  2nd  St.,  Los 
Angeles,  Calif. 

Westinghouse  Elec.  Corp.,  East  Pitts- 
burgh, Pa. 

White  Dental  Mfg.  Co.,  s.  S„  Industrial 
Division,  10  East  40th  St,  New  York, 

W111Ne^YK„rkC°6T'N94YEaSt  14Mh  SL' 

WIndman  Bros.,  3325  Union  Pacific  Ave 

Los  Angeles  23,  Calif. 

Worcester  Moulded  Plastics  Co.,  8 Grafton 
St.,  Worcester  8,  Mass. 

MANUFACTURERS  of  PLASTICS 

American  Cyanamld  Co..  Plastics  Div  30 
Rockefeller  Plaza,  New  York  20  N Y 
American  Phenolic  Corp.,  1830  S.  54tli 
Ave.,  Chicago,  III. 

Bakelite^Corp.,  30  E.  42nd  St.,  New  York 

Carbide  & Carbon  Chemicals  Corp.,  30  E 
42nd  St.,  New  York,  N.  Y. 

CataHn  y:°rp-’  1 Park  Ave-  New  York. 

Celanese  Plastics  Corp.,  180  Madison  Ave 
New  York  16,  N.  Y. 


Clba  Co.,  Inc.,  627  Greenwich  St.,  New 
York  14,  N.  Y. 

Continental-Diamond  Fibre  Co.,  16  Cha- 
pel St,  Newark,  Del. 

Dow  Chemical  Co.,  Midland,  Mich. 

duPont  de  Nemours  & Co.,  Inc.,  E.  I.,  Wil- 
mington 98,  Del. 

Durez  Plastics  & Chemicals,  Inc.,  1922 
Walck  Rd.,  North  Tonawanda,  N.  Y. 

Durite  Plastics,  Inc.,  5010  Summerdale 
Ave.,  Philadelphia  24,  Pa. 

Eastman  Kodak  Co.,  Rochester  4,  N.  Y. 

General  Electric  Co.,  Plastics  Div.,  1, 
Plastics  Ave.,  Pittsfield,  Mass. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nebr. 

Industrial  Synthetics  Corp.,  60  Woolsey 
St,  Irvington,  N.  J. 

Interlake  Chemical  Corp.,  Union  Com- 
merce Bldg.,  Cleveland  14,  Ohio 

Irvington  Varnish  & Insulator  Co.,  10 
Argyle  Terrace,  Irvington  Ilf,  N.  J. 

Makalot  Corp.,  262  Washington  St,  Bos- 
ton, Mass. 

Marblette  Corp.,  37-21  30th  St,  Long 
Island  City  1,  N.  Y. 

Mica  Insulator  Co.,  200  Varick  St.,  New 
York  14.  N.  Y. 

Monsanto  Chemical  Co.,  Plastics  Div., 
Springfield  2,  Mass. 

National  Vulcanized  Fibre  Co.,  Maryland 
Ave.,  Wilmington,  Del. 

Nixon  Nitration  Works,  Nixon,  N.  J. 

Panelyte  Div.,  St.  Regis  Paper  Co.,  230 
Park  Ave.,  New  York,  N.  Y. 

Plaskon  Div.,  LIbbey-Owens-Ford-Glass 
Co.,  2112  Sylvan  Ave.,  Toledo  6,  Ohio 

Plax  Corp.,  133  Walnut  St.,  Hartford  5, 
Conn. 

Poinsetta,  Inc.,  95  Cedar  St..  Pitman,  N.  J. 

Reilly  Tar  & Chemical  Corp.,  Merchants 
Bank  Bldg.,  Indianapolis,  Ind. 

Respro,  Inc.,  Wellington  Ave.,  Cranston, 
R.  I. 

Richardson  Co.,  Melrose  Park.  111. 

Rogers  Paper  Mfg.  Co.,  Manchester,  Conn. 

Rohm  & Haas,  222  Washington  Sq.,  Phila- 
delphia 5,  Pa. 

Spaulding  Fibre  Co.,  Inc.,  310  Wheeler  St., 
Tonawanda,  N.  Y. 

Synthane  Corp.,  Oaks.  Pa. 

Taylor  Fibre  Co..  Norristown,  Pa. 

Tennessee  Eastman  Corp.,  Kingsport, 
Tenn. 

United-Carr  Fastener  Corp.,  31  Ames  St., 
Cambridge  42,  Mass. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh. Pa. 


Plastics  and  Metal  Marking 
Machines  & Stencils 


a i reran  products  Co.,  351 
St.,  Fort  Wayne,  Ind. 

Annis  Co..  R.  B.,  1101  N.  Delaware  St, 
Indianapolis  2,  Ind. 

Ansonia  Clock  Co.,  Inc.,  103  Lafayetb 
St.,  New  York  13,  N.  Y. 

Austin  Co.,  O.,  42  Greene  St.,  New  York 

Auto  Engraver  Co.,  1776  Broadway,  Nev 
York,  N.  Y. 

B.  & C.  Insulation  Products,  Inc.,  26 
Fifth  Ave.,  New  York  16.  N.  Y 

Bastian  Bros.  Co..  1660  N.  Clinton' Ave. 
Rochester,  N.  Y. 

Bemer  Bros.  Engraving  Co.,  103  Lafayetti 
St..  New  York,  N.  Y. 

Burndy  Engrg.  Co..  107  Bruckner  Blvd 
New  York  54,  N.  Y. 

Croname,  Inc..  3701  Ravenswood  Ave 
Chicago.  111.  ‘ 

EaS  Mr£ssEtCh,ng  & MfR*  Co  * Chicopee 

Edwards,'  Inc.,  J.  T..  121  Beach  St.,  Bos 
ton  5,  Mass. 

G°odall  Electric  Mfg.  Co.,  320  N.  Sprue, 
at.,  Ogallala,  Neb. 

Ideal  Commutator  Dresser  Co.,  1291  Pari 
Ave.,  Sycamore,  111. 

Lelman^Iiros..  203  Christie  St„  Newark 
n"0J  Inc"  65  Prlnce  «• 

^ny.?NnewE^kavirNCoY 13  West  218 

Markem  Machine  Co., ’Keene  N H 

Micarta  Fabricators/  Inc5324  Ravens 
wood  Ave.,  Chicago  40,  111. 

“iC°cInnam^8CXfas8s°  «• 

Steel  StamPs,  Inc.,  149  Jo. 
seph  Campau  Ave..  Detroit  7,  Mich 


Numberall  Stamp  & Tool  Co.,  379  Hugue- 
not Ave.,  Huguenot  Park,  Stateni 
Island  12,  N.  Y.  ' 

Parisian  Novelty  Co.,  3510  S.  Westerns 
Ave.,  Chicago  9,  111. 

Plastic  Fabricators  Co.,  440  Sangome  St.. 

San  Francisco  11,  Calif. 

Prels  Engraving  Machine  Co.,  H.  P.,  155 
Summit  St.,  Newark  4,  N.  J. 

Rogan  Bros.,  2001  S.  Michigan  Ave., 
Chicago,  III. 

Screenmakers,  64  Fulton  St.,  New  York 
1,  N.  Y. 

Sparkes  Mfg.  Co.,  318  Jefferson  SL,  New- 
ark,  N.  J. 

Plastic  Insulation 

see  Insolation,  Plastic 


Plating.  Metal,  on  Plastics 

Airplane  & Marine  Instruments,  Inc.,  j 
Clearfield,  Pa. 

Aluminum  Finishing  Corp.,  1119  E.  22nd 
St,  Indianapolis,  Ind. 

Austin  Co.,  O.,  42  Greene  St,  New  York, 

N.  Y.  j 

Diamond  Tool  Replacements  Div.,  Oscap 
Mfg.  Co.,  207  W.  Saratoga  SL.  Balti- 
more 1,  Md. 

Distillation  Products,  Inc.,  755  Ridite 
Road  W.,  Rochester,  N.  Y. 

Electro  Plastic  Processes,  2035  West 
Charleston  St.,  Chicago  47,  111. 

Lenoxite  Div.,  Lenox  Inc.,  65  Prince  SL.i 
Trenton  5,  N.  J. 

Metaplast  Company,  205  West  19th  Street,, 
New  York  11,  N.  Y. 

Monroe  Auto  Equipment  Co.,  Monme, 
Michigan 

Na  Mac  Products  Co.,  1027  N.  Seward 
Street,  Los  Angeles  38,  Calif. 

Pacific  Plastic  & Mfg.  Co.,  Inc.,  486a  F.x-i 
position  Blvd.,  Los  Angeles  16,  Cal  f. 

Philadelphia  Rust-Proof  Co.,  3229  Frank- 
ford  Ave.,  Philadelphia  34,  Pa. 

Sievering,  Inc.,  Philip,  199  Lafayette 
Street,  New  York,  N.  Y. 


Players.  Record. 

see  Phonographs 


Plugs. 


TERMINAL  PLUGS 

see  also  Jacks 

Airadio,  Inc.,  Melrose  Ave.  & Batter? 

Place,  Stamford,  Conn.  . 

Aircraft-Marine  Prods„  Inc.,  l»-3  >■ 
Fourth,  St  Harrisburg,  Pa. 
Aircraft  Products  Co.,  3502  E.  Pontiac 
St,  Fort  Wayne,  Ind. 

Aircraft  Radio  Corp.,  Boonton,  N. 
Alden  Products  Co.,  117  North  Main  bi, 
Brockton  64,  Mass.  , _ „ 

Amalgamated  Radio  & Television  Corp-. 

476  Broadway,  New  York  13,  N-  J- 
American  Phenolic  Corp.,  1830  S.  54t 
Ave.,  Chicago  50,  111.  1V> 

American  Radio  Hardware  Co..  »*£••  * * 
MacQuesten  Pkway.  St,  Mt.  Vernon, 

Atlas  Products  Corp.,  30  Rockefeller 
Plaza,  New  York,  N.  Y.  g 

Audio  Development  Co.,  2833  13th  A\e.  • 
Minneapolis  7,  Minn.  v 

Automatic  Electric  Co.,  1033  West 
Buren  St,  Chicago  7,  111. 
Automatic  Metal  Products  Corp  • 
Berry  St.,  Brooklyn,  N.  Y- 
Barker  & Williamson,  235  Fairfield  A'?., 
Upper  Darby,  Pa.  „ __  cj 

Blrnbach  Radio  Co.,  Inc.,  145  Hudson 
New  York.  N.  Y.  .. 

Brach  Co.,  L.  S„  55  Dickerson  SL, 

BreezekCorp!'?  4l‘  South  Sixth  SL,  Newark. 

Burl ‘Radio,  Inc.,  2118  E.  55th  SL,  Clew- 


Burndy 


land  3,  Ohio  , _ 0,^,1 

idy  Engrg.  Co.,  107  Bruckner 
New  York  54,  N.  Y. 


.vew  xora  o-t,  x.  __  n„ren 
Cinch  Mfg,  Corp.,  2335  W.  Van  Buren 
SL,  Chicago,  111.  , bo,. 

Cole-Hersee  Co.,  64  Old  Colony  Are., 
ton  27,  Mass. 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


Communication  Measurements  Laboratory,  I 
120  Greenwich  St.,  New  York,  N.  Y. 
Connecticut  Telephone  & E ectrlc  Div  j 
Great  American  Industries,  Inc.,  70 
Britannia  St..  Meriden,  Conn.  I 

Tonnector  Div.,  International  Resistance 

Co.,  401  North  Broad  St.,  Phlladel-  ] 

CookPhElectricaCo.,  2700  Southport  Ave.,  ( 

Eagle^Electrlc  Mfg.  Co.,  Inc\,  23-10  Bridge  ] 
Plaza  S.,  Long  Island  City,  N.  Y. 

Eby,  Inc..  Hugh  H.,  18  W.  Chelton  Ave.,  ] 
Philadelphia  13,  Pa.  , 

Electrix  Corp.,  158  Middle  St.,  Pawtucket,  < 

Federal  Mfg.  A Engrg.,  Corp.,  199  Steuben 

St.,  Brooklyn,  N.  1 . . . ' 

Franklin  Mfg.  Corp.,  A.  W.,  17o  \ arick 
St  New"York  N Y. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 

GenerMElect'rlc  Co.,  Bridgeport,  Conn. 
General  Electronics  Mfg.  Co.,  2225  S. 

Hoover  St.,  Los  Angeles  7,  Calif. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  J 9,  Mass. 

Gits  Molding  Corp.,  4600  Huron  St.,  Chi- 
cago  111 

Heinze  Electric  Co.,  Lowell,  Mass. 

Hubbell  Inc.,  Harvey,  Bridgeport . 2 Conn. 
Insuline  Corp.  of  America,  36-02  35th  Ave., 
Long  Island  City,  N.  Y^  ... 

J.  F.  D.  Mfg.  Co.,  4111  Fort  Hamilton 
Pkway.,  Brooklyn,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Jones,  Howard  B..  2460  W.  George  St., 
Chicago  18,  111. 

Kellogg  Switchboard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 

Kulka  Electric  Mfg.  Co.,  Inc.,  30  South 
St.,  Mt.  Vernon,  N.  Y. 

Mallory  & Co.,  Inc.,  P.  R.,  3029  E.  Wash- 
ington St.,  Indianapolis  6.  Ind. 

National  Co.,  Inc.,  61  Sherman  St.,  Mal- 
den 48,  Mass. 

National  Electronic  Mfg.  Corp.,  22-79 
Steinway  Street,  Long  Island  City  6, 

N.  Y.  „ . , 

North  Electric  Mfg.  Co.,  501  S.  Market 
St,  Gallon,  Ohio  . . _ 

Norths m Warren  Corp.,  Stamford,  Conn. 
Northwest  Plastics,  Inc.,  2333  University 
Ave.,  St  Paul  4,  Minn. 

Pass  & Seymour,  Inc.,  Solvay  Station,  Sy- 
racuse, N.  Y.  . 

Philmore  Mfg.  Co.,  113  University  Place 
New  York,  N.  Y. 

Precision  Specialties,  220  No.  Western 
Ave.,  Los  Angeles,  Calif. 

Pyle-National  Co..  1334  N.  Kostner  Ave., 
Chicago  51,  111.  _ , 

Render  Company,  Ltd.,  2101  Bryant  Street 
San  Francisco,  Cal. 

Russell  & Stoll  Co.,  125  Barclay  St.,  New 
York  7,  N.  Y. 

Selector  Mfg.  Corp.,  21-10  49th  Ave.,  Long 
Island  City,  N.  Y. 

Sorenz  Mfg.  Corp.,  1901  Clybourn  Ave., 
Chicago  14,  111. 

Standard  Electric  Time  Co.,  89  Logan  St., 
Springfield,  Mass. 

Standard  Winding  Co.,  44-62  Johnes  St., 
Newburgh,  N.  Y. 

Telephonies  Corp.,  350  West  31st  St,  New 
York,  N.  Y. 

Trav-Ler  Karenola  Radio  & Television 
Corp.,  571  W.  Jackson  Blvd.,  Chicago, 
111. 

Ucinite  Co.,  459  Watertown  St.,  Newton- 
„ vllle,  Mass. 

United-Carr  Fastener  Corp.,  31  Ames  St, 
..  Cambrdge  42,  Mass. 

Utah  Radio  Products  Co.,  820  Orleans  St., 
Chicago,  111.  . . 

Whittaker  Cable  Corp.,  North  Kansas  City, 
Mo. 

Willows  Mfg.  Corp.,  341  39th  St.,  Brook- 
lyn, N.  Y. 

Wood  Electric  Co.,  Inc.,  C.  D.,  826  Broad - 
way,  New  York  3,  N.  Y. 

Wyse  Laboratories,  211  S.  Ludlow  St, 
Dayton  2,  Ohio  . , 

York  Wire  & Cable  Div.,  General  Electric 
Co.,  Bridgeport,  Conn. 


Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bastlan  Bros.  Co.,  1600  N.  Clinton  Ave., 
Rochester,  N.  Y. 

Birbach  Radio  Co.  Inc.,  145  Hudson  St, 
New  York,  N.  Y. 

Bud  Radio,  Inc.,  2118  East  55th  St,  Cleve- 
land 3,  Ohio 

Croname,  Inc.,  3701  Ravenswood  Ave., 
Chicago.  I1L  _ ..  .. 

Eclipse  Moulded  Products  Co..  5151  North 
32nd  St.,  Milwaukee  9,  Wis. 

Felsenthal  & Sons,  G.,  4122  W . Grand 
Ave.,  Chicago  51,  111.  . „ ..  v 

General  Electric  Co.,  Schenectady  a. 

Gits  Molding  Corp.,  4600  Huron  St,  Chl- 

Gramrnes  & Sons,  Inc.,  L.  F.,  389  Union 
St,  Allentown  2,  Pa. 

Insullne  Corp.  of  America,  36-02  35th  Ave., 
Long  Island  City,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Kurz-Kasch  Co.,  1415  S.  Broadway.  Da>- 

Natlonal  Co.,  61  Sherman  St.,  Malden  48, 

NewMEngland  Radiocrafters,  1156  Com- 
monwealth Ave.,  Boston  34,  Mass. 

Parisian  Novelty  Co.,  3510  S.  Western 
Ave.,  Chicago  9,  111.  „ 

Plastic  Fabricators,  Inc.,  440  Sansome  St., 
San  Francisco  11,  Calif. 

Printloid,  Inc.,  95  Mercer  St,  New  York 

_ -12,  N-  Y. . ofith 


Radio  City  Products  Co.,  127  West  26th 
St,  New  York,  N.  Y. 

United-Carr  Fastener  Corp.,  31  Ames  St., 
Cambridge  42,  Mass. 

Victory  Mfg  Co.,  1722  W.  Arcade  Place, 
Chicago  2,  111. 

Winn  Sons,  J.  H.,  Winchester,  Mass. 
Worcester  ^Moulded  Plastics  Co.,  8 Grafton 
St.,  Worcester  8,  Mass. 


Pointers _ 


DIAL  POINTERS 


■ee  also  Knobs 
also  Dials 


i»iso  Dials 

American  Brass  Co.,  Waterbury  88,  Conn. 
American  Radio  Hardware  Co.,  Inc.,  152 
MacQuesten  Pkway.  S.,  Mt.  Vernon, 
N.  Y. 


Points — — 

CONTACT  POINTS  and  ASSEMBLIES 

Am'rrArn.Tor8sf,N™-n 

Baker  A Co..  US  Aster  St..  Newark  5, 
BeadVa.n  Mfg.  Co  110  Mt.  Grove  St. 
Bleh^Tco,  6plaCU°nnum  Works,  J.,  12 

Bra.SlhnancnonKaV|:  muring  St.,  New 
CalliTe5 Tungsten  Corp.,  544  39th  St,  Union 

ClevS'aSd  VngHten,  Inc..  10200  Meech 
Ave.,  Cleveland,  Ohio  ch«»rl- 

Fansteel  Metallurgical  Corp..  M00  Sher 

GenSp fflVorSt  £ 

OeneralPTungsten  Mfg.  Co..  »02  23d  St, 
GlbaoUnnETec?rlcyc?,'s350  Frankstown  Ave., 

Grap»&Vvlf  Nel>l>0r- 

independent  Contact  Mfg.  Co.,  540  39th 
St.,  Union  City,  N.  J-  South 

Kulka  Electric  Mfg.  Co  Inc.,  30  Soutn 
St,  Mt  Vernon.  N.  Y.  J029  R WaBh. 

MeS^  «ewark. 

Nations'!  Carbon  Co  Inc.,  30  East  42nd 
Nob.fc<r;eF.YH0:k5357'wNeatY-59th  St,  Chi- 

Progressive ‘'Mfg.  Co.,  52  Norwood  St. 

Torrington,  Conn.  p 

&C5raMurfng  Co^MlO  S.  Racine 
Tubular  * fUve  t tud  Co.,  WoUaston  70, 

Tungsten  Contact  Mfg.  Co.,  North  Ber- 
WeaUnghouse  Electric  Corp..  East  Pitts- 
W118«..h:  A.,  105  Chestnut  St..  New- 
ark 5,  N.  J- 

Porcelain — — — ' 

see  Insulation— Ceramic 


Posts — 

BINDING  POSTS  and  TERMINALS 

Aircraft-Marine  Prods.  Inc.,  1523  North 
Fourth  St.  Harrisburg.  Pa. 

Aircraft  Products  Co.,  3502  E.  Pontiac  St., 
Fort  Wayne,  Ind. 

Aircraft  Radio  Corp..  Boonton  N.  J. 

Alden  Products  Co.,  117  North  Main  St., 
Brockton  64,  Mass.  _ 

American  Brass  Co.,  Waterbury  88,  Conn. 
American  Insulator  Corp.,  New  Freedom, 

American  Phenolic  Corp.,  1830  S.  54th 
Ave.,  Chicago  50,  111.  „ 

American  Radio  Hardware  Co.,  Inc.,152 
MacQuesten  Pkway,  S..  Mt.  Vernon, 

Anson'iaYClock  Co.,  Inc.,  103  Lafayette  St., 

Atlas7 Products  Corp!,  30  Rockefeller  Plasa, 
New  York  20,  N.  Y. 

Automatic  Electric  Co,  1033  W.  Van 
Buren  St,  Chicago  7,  111.  „ 

Baer  Co.,  N.  S.,  9 Montgomery  St.,  Hill- 

Barker0&  Williamson,  235  Fairfield  Ave., 

BeadU&DMfgy'cJ1;  110  Mt.  Grove  St, 

Blrnbach^Radio  Co.,  Inc.,  145  Hudson  St, 

Brach  Mf/ Corpo'L.  S„  55  Dickerson  St. 

BudNReadaok'lm!.,J2118  E.  65th  St.  Cleve- 

Burk?nElectr?chlCo.,  12th  & Cranberry  Sts., 

Burndyefcnglneerlng  Co.,  Inc... 1 07  Bruck- 
ner Blvd.,  New  York  54,  N.  Y. 

Cannon  Electric  Development  Co.,  3209 

Clncr-Mfrffl^  STvan  Buren  St, 
Cinema^nglneerlng  Co,  1508  W.  Ver- 

Com^.eActeteWoC5U^ashtenaw 

ConttaentaLDtamond'Flbre  Co.,  16  Chapel 
CookS,EleNc?rlarkCo.Dl700  Southport  Ave., 
Crea?iveapiait!cs  Corp.,  963  Kent  Ave., 
Curtls’Svltepment  & ; Mfg.  Co.,  1 N.  Craw- 
Easte0™  EAectro"orp.,'41  Chestnut  St., 

Ea^SrS/^i’ N- Elshth 

■ EbySincP«1PHaiT^aChe.ton  Ave., 


Electeonfcde  Mechanics,  Inc.,  70  Clifton 
FederaTdScraw“pr’oducts  Co..  224  W.  Hu- 

Ferrr..StEpr^UI30YRocketel.er 

Frank‘lfna’M1fg.YCorp.,  A W..  175  Varick 

General  WSJjj  *6*.  *19  Tayter 

Ave.,  Rockford,  111.  . . k "M  Y 

gSSti  « Co’,  Sgf3^etTs 
Gu,dtdVeRa^om»  161  K av,,  New 
Industrial  ‘ Screw  '&  Supply  Co.,  713  W. 
InsuhUicm  SMf gT^C^f0!  1 Newr  York  Ave.. 

36th 

SSSST Howa| IB'  2««CW.  George  St, 

Chicago  18,  lit  „ , Co  6650 

Kellogg  Switchboard  & S“PP>y  Vn 
KC  SBKClcero  Ave.,  Chicago  38  Ht 
Kings  Electronics  Co.,  372  Classon  avc 

KulkrEtecytnri;'Mfg  C0.,  Inc..  30  South 

McIT$LG?kld’ B?plafl.Mkhy^' 

M,caSInsu\aTor  Co.,  797  Broadway.  Sche- 
MIUennCMfgy Co„Njames.  150  Exchange  St. 
Minerco*"'^  5917  S.  Main  St„  Los 

Nat.AnaTco:.C6l' Sherman  St.  Malden  48, 
2660  Bel‘ 
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National  Vulcanized  Fibre  Co.,  Maryland 
Ave.,  Wilmington,  Del. 

Northern  Industrial  Chemical  Co.,  7-11 
Elkins  St.,  South  Boston  27,  Mass. 

Philmore  Mfg.  Co.,  113  University  Place, 
New  York,  N.  Y. 

Plastic  Manufacturers,  Stamford,  Conn. 

Precision  Specialties,  220  No.  Western 
Ave.,  Los  Angeles,  Calif. 

Radio  Corp.  of  America,  RCA  Victor  Div. 
Camden,  N.  J. 

Sorenz  Manufacturing  Corp.,  1901  Cly 
bourn  Ave.,  Chicago  14,  111. 

Small  Motors,  Inc.,  1322  Elston  Ave.,  Chi 
cago  22,  111. 

Standard  Electric  Time  Co.,  89  Logan  St. 
Springfield,  Mass. 

States  Co.,  19  New  Park  Ave.,  Hartford  6 
Conn. 

Taylor  Fibre  Co.,  Norristown,  Pa. 

Templetone  Radio  Mfg.  Corp.,  New  Lon 
don,  Conn. 

Thomas  & Betts  Co.,  Inc.,  36  Butler  St. 
Elizabeth  1,  N.  J. 

Thwing-Albert  Instrument  Co.,  Penn  St 
& Pulaski  Ave.,  Philadelphia  44,  Pa. 

Ucinite  Co.,  459  Watertown  St,  Newton 
vllle,  Mass. 

Unlted-Carr  Fastener  Corp.,  31  Ames  St. 
Cambridge  42,  Mass. 

Waterbury  Companes,  Inc.,  836  S.  Main 
St,  Waterbury,  Conn. 

Wood  Electric  Co.,  Inc.,  C.  D.,  826  Broad 
way,  New  York  3,  N.  Y. 


Potentiometers . 


see  Variable  Resistor* 

Pots.  Soldering. 

Acme  Electric  Heating  Co.,  1217  Wash- 
ington  St,  Boston  18,  kass 

DrakAveE!ea’?cai0irS,S-III,nC  ' 3666  Unc°‘" 

st  DeejfIRlver,r<Conn>  ’ '8<E  W E,m 
C°rD'  660  °rant 

S.lectr‘c  Coj.  Schenectady  5,  N.  Y. 
Kentworthy,  Inc.,  Charles  F.,  195  Pled- 
moot  St_,  Waterbury  28,  Conn 
M Hl  Ino - 6141  ^ 25th  St,  Cicero 

LydCUy^!h!"'  229  Co,den  St-  ,Ter8e>" 
New^n  ' junior  Corp.,  *82  Third  Ave, 
_ West  Haven,  Conn. 

Chicago0"!?  C°'  340  W Huro"  S.„ 

S‘a'RaavTnnt,,eCo‘br!?  °“"  N Ch«"nut 

StrUde!™hi?Upa  Inc"  1221  Arohs'-  Phila- 
Harold  E.,  Leverlngton  Avp 
WiWe  St,  Philadelphia  2?,  Pa.  at 
Vasco  Electrical  Mfg.  Co  avqi^ 

Blvd.  Los  Angeles,  Calif  A'Rl°n 
Vulcan  Electric  Co.,  Danvers  Maas 
Waage  Electric  Co.,  A.  H,  64’ Park  pio,.* 
New  York  7,  N Y P ace 

We9tbuSrPa.E,eCtric  CorB-'  E-  p,tts- 

WleK#|nvl,'Cp°it«  8LPa.?544  Th— 


Power  Cord- 


Power  Plants _ 


see  Generators 


Power  Supplies. 


Altec  Lansing  Corp.,  1*80  N.  Vine  St 
, Los  Angeles  28,  Calif.  ' 

American  Radio  Co.,  611  E.  Garfield  Ave., 
. _ Glendale,  Calif. 

American  Television  & Radio  Co.,  300  E 
imJ,ounh  st-  st-  Paul  L Minn. 
American  Transformer  Co.,  178  Emmet 
St..  Newark,  N.  J. 
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Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Automatic  Electric  Co.,  1033  W.  Van  Bu- 
ren  St,  Chicago  7,  111. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Benwood  Linze  Co.,  1816  Locust  St.,  St 
Louis,  Mo. 

Browning  Labs.,  Inc.,  750  Main  St.,  Win- 
chester Mass. 

Carter  Motor  Co.,  1606  Milwaukee  Ave., 
Chicago  47,  111. 

Communications  Equipment  Corp.,  134 
West  Colorado  St,  Pasadena  1,  Calif. 
Communication  Measurements  Laboratory, 
120  Greenwich  St,  New  York,  N.  Y. 
Consolidated  Engineering  Corp.,  595  E. 

Colorado  St.,  Pasadena  1,  Calif. 
Daven  Co.,  191  Central  Ave.,  Newark  4, 
N.  J. 

Eastern  Electronics  Corp.,  41  Chestnut 
St,  New  Haven,  Conn. 

Electro  Engineering  & Mfg.  Co.,  627  W. 

Alexandrine  Ave.,  Detroit  1,  Mich. 
Electro  Products  Laboratories,  649  W. 

Randolph  St.,  Chicago,  111. 

Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Calif. 
Electronic  Corp.  of  America,  45  West  18th 
St.,  New  York  11,  N.  Y. 

Electronic  Laboratories,  Inc.,  Indianap- 
olis, Ind. 

Electronic  Products  Co.,  19  North  First 
St.,  Geneva,  111. 

Electronic  Supply  Co.,  207  Main  St., 
Worcester,  Mass. 

Espey  Mfg.  Co.,  33  West  46th  St,  New 
York  19,  N.  Y. 

Fisher  Research  Laboratory,  1961  Uni- 
versity Ave.,  Palo  Alto,  Calif. 

Freed  Transformer  Co.,  72  Spring  St. 
New  York  12,  N.  Y. 

Gates  Radio  Co.,  220  Hampshire  St. 
Quincy,  111. 

General  Electric  Co.,.  Schenectady  5.  N.  Y. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Maas. 

General  Transformer  Corp.,  1250  W.  Van 
Buren  St,  Chicago  7,  111. 

Green  Electric  Co.,  Inc.,  W.,  ISO  Cedar 
St,  New  York  6,  N.  Y. 

Hamilton  Radio  Corp.,  510  Sixth  Ave., 
New  York,  N.  Y. 

Harvey  Radio  Laboratories,  Inc.,  447 
Concord  Ave.,  Cambridge,  Mass. 
Harvey-WeJIs  Electronics,  Inc.,  North  St., 
Southbridge,  Mass. 

Heath  Co.,  Benton  Harbor,  Mich. 

Herbach  & Rademan  Co.,  Mfg.  Div.,  517 
Ludlow  St.,  Philadelphia  6,  Pa. 
Hercules  Electric  & Mfg.  Co.,  Inc.,  2500 
Atlantic  Ave.,  Brooklyn  7,  N.  Y 
International  Transformer  Co.,  396  Broad- 
way,  New  York,  N.  Y. 

Jefferson,  Inc.,  Ray,  40  E.  Merrick  Rd 
Freeport,  L.  I.,  N.  Y. 

Kaar  Engineering  Co.,  619  Emerson  St, 
Palo  Alto,  Calif. 

Lear,  Inc.,  Piqua,  Ohio 
Maiion'  & Co..  P.  R„  3029  E.  -Washington 
St..  Indianapolis  6.  Ind. 

Megard  Corp.,  1601  S.  Burlington  St..  Los 
Angeles  6,  Calif. 

Mellaphone  Corp.,  Rochester  2,  N.  Y 
Mica  Products  Mfg.  Co.,  69  Wooster  St. 
New  York.  N.  Y. 

National  Co.,  61  Sherman  St,  Malden  48. 
Mass. 

Newcomb  Audio  Products  Co.,  2815  S 
Hill  St.,  Los  Angeles  18,  Calif. 

Pacific  Electronics,  Sprague  at  Jefferson 
„St.  Spokane,  Wash. 

Philharmonic  Radio  Corp.,  528  E.  72nd 
St..  New  York 

Press  Wireless.  Inc.,  1475  Broadway,  New 
York,  N.  Y. 

Radian  Corp.  , 1571  West  62nd  St, 
Cleveland.  Ohio 

Radio  Mfg.  Engineers,  Inc.,  304  First  Ave 
Peoria,  111.  ** 

Radio-Television  Institute,  Inc.,  480  Lex- 
ington Ave.,  New  York  17,  N.  Y. 
Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham. Mass. 

Rehtir8nRl0rP''  4313  LIncoln  Ave-  Chicago 
Richardson-Alien  Corp.,  15  W 20th  St 
New  York  11,  N.  Y. 

Schuttig  & Co.,  9th  & Kearney  Sts.,  N E 
Washington  17,  D.  C. 

Scientific  Radio  Products  Co.,  738  W 
q . ®rPadS'ay’  Council  Bluffs.  Iowa 
Scientific  Service  Laboratories,  2225  So 
Hoover  St,  Los  Angeles  7,  Calif. 
Simpson  Mfg.  Co.,  Inc.,  Mark,  188  W. 
Fourth  St,  New  York,  N.  Y. 


Pumps- 


"Q"  Meters _ 

see  Meter* 


Springfield  Sound  Co.,  Electronics  Div.,  ’ 
12  Cass  St,  Springfield,  Mass.  r 

Technical  Apparatus  Co.,  1171  Tremont 
St,  Boston  20,  Mass. 

Techno-Scientific  Co.,  901  Nepperhan 
Ave.,  Yonkers  3,  N.  Y. 

Thordarson  Electric  Mfg.  Div.,  Maguire 
Industries,  Inc.,  500  W.  Huron  St. 
Chicago  10,  111. 

United  Transformer  Corp.,  150  Varick  St, 
New  York  13,  N.  Y. 

Ward  Leonard  Electric  Co.,  Mount  Vernon, 

N.  Y. 

Waugh  Labs.,  Div.  of  Waugh  Equipment 
Co.,  420  Lexington  Ave.,  New  York 
17,  N.  Y. 

Webster  Chicago  Corp.,  Electronics  Div.. 
3825  Armltage  Ave.,  Chicago  47,  111. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wilcox  Electric  Co.,  1400  Chestnut  St, 
Kansas  City,  Mo. 


Powdered  Metal  Products _ 

see  Metal* 

Public  Address  Systems 

•ee  Sound 


VACUUM  PUMPS 

Alreon  Manufacturing  Corp-, 

Funston  Rds„  Kansas  City  15,  Kana 
Allis  Chalmers  Mfg.  Co..  Milwaukee  1. 

wis 

Central  Scientific  Co.,  1700  Irving  Park 
Blvd.,  Chicago  13,  111.  n. 

Distillation  Products,  Inc.,  755  Ridge  ko 
W.,  Rochester,  N.  Y. 

Eastern  Engineering  Co.,  45  Fox  bt..  Ne 
Haven,  Conn.  . . ..  v 

Eastman  Kodak  Co.,  Rochester  4,  N.  Y. 
Eclipse-Pioneer  Div.,  Bendix  Aviation 
Corp.,  Teterboro,  N.  J.  ..  QrW 

Eisler  Engrg.  Co.,  740  S.  13th  St,  Newark 

Eitel-kcCullough,  Inc.,  San  Bruno  Calif. 
General  Electric  Co..  Schenectady  5,  b.  v 
Haydu  Bros.,  Mt.  Bethel  Rd.,  Plainfield. 

International  Machine  Works,  2207  46th 
St,  North  Bergen,  N.  J. 

Kahle  fcngineering  Co.,  1307  Seventh  St. 

North  Bergen,  N.J.  ’ c, 

Kinney  Mfg.  Co.,  3529  Washington  St 
Boston,  Mass. 

Kralssl  Co.,  Inc.,  303  Williams  Ave..  Hack- 
ensack, N.  J.  , .. t 

Leiman  Bros.,  203  Christie  St,  Newark  6, 

Litton  Engineering  Labs.,  P.  O.  Box  749 

Mclntyr^ Co*.  Ts'^Iveniale  Ave.,  Newton 

Machfett8'*  Son,  E„  220  East  28rd  si- 
New  York  10,  N.  Y.  „ „ 

National  Research  Corp.,  Vacuum  Ensts 
Div.,  100  Brookline  Ave.,  Boston 


Mass.  n n oiq 

Nelson  Vacuum  Pump  Co.,  Geo. 

Fourth  St..  Berkeley  2,  Cali r. 

New  Jersey  Machine  Corp.,  16th  & willow 
Ave.,  Hoboken,  N.  J.  f ._nnd« 

Robbins  & Myers,  Inc.,  1345  Lagond 
Ave..  Springfield,  Ohio  b 

Stokes  Machine  Co.,  F.  J..  5850  Tat>o 
Rd.,  Olney  P.  O.,  Phiiadelphia^., ^ 
Sullivan  Machinery  Co„  929  Woodl 
Ave..  Michigan  City,  Ind. 

Technical  Products  Co.,  168  Madison  A 
at  Third  St.  Memphis.  Tenn. 
Universal  X-Ray  Products  In*'..1*!," 
North  Francisco  Ave..  Chicago  42w. 
Welch  Scientific  Co.,  W.  M.,  1515  sea* 
wick  St.,  Chicago  10,  111.  plllli. 

Westinghouse  Electric  Corp.,  Ea-t 

WorUiing^t’oif^ump  A Machinery  Corp 

Yeo  m^MBranVo'.,  14SS  N.  Dayton  St, 
Chicago,  111. 
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I Racks,  Relay. 


Armature  Coll  Equipment,  Inc.,  2605  Vega 

Automatic  CMect?"c  Co.,  ^033  West  Van 

1 BarkT*  Wmian^n  Up^r  Darby  Pa 
cinema  Engineering  Co.,  1508  M.  veruugu 

Co^ni»t^%^p™nt  Corp  134 

i DalStrom  Metallic  Door  Co.,  Buffalo  St., 

: Jamestown,  New  York  p . 

Falstrom  Co.,  7 Falatrora  Court,  Passaic, 

i HadleyCo.,  Robert  M..  711  East  61st  St, 

* Los  Angeles,  Calif.  . 

a Hudson  American  Corp.,  25  West  4 3rd 
f St,  New  York,  N.  Y. 

■ Karp  Metal  Products  Co.,  Inc.,  129  Thlr 
t tleth  St,  Brooklyn.  N.  Y. 

National  Co.,  Malden  48,  Mass. 

Par  Metal  Products  Corp.,  32-62  49th  bt., 
"*  Long  Island  City,  N.^  Y.  Hart- 

Plax  Corporation,  133  Walnut  St,  Hart 

Western  Electric*  Co.,  Inc.,  120  Broadway, 
New  York  5.  N.  Y. 

Radar,  Complete 
Equipment 


QNCMJDING  UJ.  AND  HADAH 
BEACONS 


Admiral  Corp.,  8800  W.  Cortland  St.  Chi- 
Alradlo,0’  Inc.,  Barry  Place,  Stamford, 

. Belmontn'Radlo  Corp.,  5821  W.  Dickens 
{ Ave.,  Chicago,  111.  . 

Bendix  Radio,  Dlv.  of  Bendix  Avlauon 
Corp.,  Baltimore,  Md. 

Crosley  Corp.,  1329  Arlington  St,  Clncln- 
nati  25,  Ohio  „ „ 

Du  Mont  Laboratories,  Inc.,  Allen  B.,  * 

Main  Ave.,  Passaic,  N.  J.  

Emerson  Radio  & Phonograph  Corp.,  ill 
Eighth  Ave.,  New  York,  N.  Y. 

Fada  Radio  & Electric  Co.,  Inc.,  80-*? 

Thomson  Ave.,  Long  Island  City,  N.  x. 
Fairchild  Camera  & Instrument  Corp.,  475 
Tenth  Ave.,  New  York  18,  N.  Y. 
Farnsworth  Television  & Radio  Corp-* 
8700  Pontiac  St.,  Fort  Wayne,  Ind. 
Federal  Telephone  and  Radio  Corp.,  591 
Broad  St,  Newark,  N.  J.  . 

Galvin  Mfg.  Corp.,  4546  Augusta  Blvd., 
Chicago  61,  111.  . 

General  Jllectric  Co.,  1 River  Road, 
Schenectady  5,  N.  Y.  . 

General  Motors  Corp.,  Detroit,  “lch. 

Gllflllan  Bros.,  Inc.,  1815  Venice  Blvd., 
Los  Angeles,  Calif. 

Halllcrafters  Co.,  2611  S.  Indiana  Ave., 
Chicago,  III.  _ 

Harvey  Radio  Labortorles,  Inc.,  447  Con- 
cord Ave.,  Cambridge,  Mass. 

Haxeltine  Electronics  Corp.,  1775  Broad- 
way, New  York,  N.  Y. 

Pacific  Electronics,  Sprague  at  Jefferson, 

„ Spokane,  Wash.  _ 

Phllco  Corp.,  Ontario  & C Sts.,  Philadel- 
phia, Pa. 

Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J.  T __ 

i Radio  Engineering  Laboratories,  Inc.,  85- 
54  86th  St,  Long  Island  City.  N.  Y. 
Radio  Mfg.  Engineers,  Inc.,  304  First 

_ Ave.,  Peoria,  111.  _ 

Radio  Receptor  do.,  251  W.  19th  St,  New 
„ York,  N.  Y.  _ 

Raytheon  Manufacturing  Co.,  190  Willow 
„ St.,  Waltham,  Mass.  _ _ . 

Sparks-Withington  Co.,  North  St,  Jack- 
„ son,  Mich.  „ 

Sperry  Gyroscope  Co.,  Manhattan  Bridge 
Plaza,  Brooklyn,  N.  Y. 

Stewart- Warner  Corp.,  1826  Dlversey 
Parkway,  Chicago,  111.  _ . 

j Stromberg-Carlson  Co.,  100  Carlson  Road, 

, _ Rochester,  N.  Y.  . 

r Submarine  Signal  Co.,  160  State,  Boston, 
Mass. 

Sylvanla  Electric  Products,  Inc.,  500  Fifth 
Ave.,  New  York,  N.  Y. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
• ttt  New  York,  N.  Y.  ^ 

, Westinghouse  Electric  Corp.,  2519  Wilkens 
'*’1  „ Ave.,  Baltimore  3,  Md. 

t Zenith  Radio  Corp.,  6001  Dickens  Ave., 
Chicago,  111. 
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Receivers.  Home — AM 

am  combinations 

Admiral  Corporation,  3800  W.  Cortland 

Alr-Ki‘ngCP^uo'u1Co.,  Inc..  1523-63rd  St, 

Ansl?y  *Radto  cirp  21-10  49th  Avenue. 

Long  Island  City,  N.  Y.  p k_ 

Automatic  Radio  Mfg.  Co.  Inc,  122  Brook 
line  Avenue,  Boston,  Mass, 

Belmont  Radio  Corporation,  59  1 West 
Dickens  Avenue,  Chicago  39,  111. 

Bendix  Radio  Corp.,  Baltimore^ , Md. 
Colonial  Radio  Corp.,  254  Ratio  Street, 

The  ^Crosley  Corporation,  Cincinnati  25, 

DelcohRadlo  Division,  General  „ Motors 
Corooration,  Kokomo,  Indiana 
DeWCa°dPR?dm  ktt.  Conk.  440  Lafayette 

DynavoxNC^oratlon,  40-05  21st  St,  Long 
Electrical  Research  & Mfg.  01 

sasjsrag 

Elecmonlo’  CoV  of  America/ 45  West  18th 

E9p 8t’ 
Farnsworth  Television  A Radio  Corp..  8100 

BWd.. 

Gar<ShiRaKdlb  Corp.,  10  Washington  St. 
Genefa^BlcbtH’c  Company.  Bridgeport 

°enSe”annn4  g&bffi 

GlimVan  Bros.  Inc.  1816  Venice  Blvd.. 

HarnmonA^dlrc?n../610  Sixth  Avenue. 
HerbaclT  A Rademan^Co..  511  Ludlow  St, 
Ho«ShanelPdl^Co^  3430  B.  Hill  St. 
Howard  "‘co^  731  Belmont  Ave., 
Chicago,  IB-  , <-.orD  1501  Beard 
InUT«nune*  Detroit .Michigan 
Keith  Radio  Products,  l«th  A K St,  b 

Kingston  Products  Corp.,  Kokomo.  Indiana 

Ma^rmvox  gSSfcg  W Bueter 

Malefic  Television  Corp..  St 

Meek” industries,  John  Liberty  at  Penn- 

sylvania,  Plymouth,  ind.  . „„ 


Medcoyl^'C^m6°wbatn4'5th  St.  New 
Mega^oVatlom 

M,d^U^^\cno^.M3»9  Broadway.  Cin- 
cinnati, Ohio  . 238  William 

Minerva  Corp.  of  America, 

St,  New  York,  N.  Y.  (-0]umhua,  In- 
Noblltt  Sparks  Industries,  Coiumous, 

Packart-Be.l  Co.  3443  ^el.hlre  Blvd.. 

Los  Angeles  6,  Csllt  Streets, 

Phllco  Corporation,  Tioga  * 

PhlladelpWa  34.  pa.  lon  jjjEast 
Philharmonic  Radio  toru  N y. 

12nd  Street,  New  York2  ^ Western 

Precision  Specialties.  210  « « 

Ave.,  Los  Angelra,  Cam.  yl  t r D|v„ 
Radio  Corp.  of  America.  RCA  view 

Camden,  N.  J.  N Martel  Ave- 

Record-O-Vox,  Inc.,  121 

nue,  Hollywood  46,  Cant  et> 

Remler  Company.  Ltd..  2101  Bryan 

Rex  Sp%nodFucat"CCoC°  1313  w/  Randolph  St. 
SentfnWdll'frp..  2020  Ridge  Avenue, 
SherSrM'corp..  2860  S.  Michigan 
Ave..  Chicago.  B>-  ...  East  ieth  St, 

Signal  Electronics.  Inc.,  114  tasr 

New  York  3,  N ^ Y.  Co  32b  N. 

SOnHoyne  Ave*nuTe?  Chicago.  III. 


Sparks  Withlngton  Company,  Jackson, 
Stewarih\Va?ner  Corporation  1836  Dlver- 
Stromberg-Carisoli  Co.“  00  Carlson  Road. 

Sym?h“i?“^ib>El«tronicCo^  292- 

98  Main  St.  Cambridge  42,  Masa 
Tech-Master  Prods.  Co.,  123  Prince  ou, 

Telicon* Corp5/  851  'Madison  Avei,  New 

Templetone^Radio  Mfg.  Corp.  Templetone 

Building,  New  ^^'jackson  Blvd., 
Trav-Ler  Karenola,  571  W.  Jackson  mva., 

United 'slates ^Television  llfg.  Corp.,  106 

2™V‘T«-  as 

& A2g8el»°38. 

Warwtck*  Mfg.  Corn.,  4640  W.  Harrison 
WatfeV8„Cn“  Mfg-  Co..  P O Box  54, 
Well^Gardnlr  & Co-.  2’01  North  Klldare’ 
wJSttecUc*.  2519  WlUten. 

Chicago,  111. 

AM  CONSOLES 

Admiral  Corporation,  3800  W.  Cortland 
Andrea'  »£o|>o  !4Ul  Streetl 

Am,^“ar§o|  y'31jl0  49th  Avenue. 
Long  Island  City,  w-  x.  Brook- 

ST'*LSOT^Won.  Genera? Nfotors° Cor- 
Dllrdttrdlo^Co^.ia440  Lafayette 

FadaTh?mso0n  \v®?C  Cong  Island  City. 

Farnsworth  T^?VgL0nFOTt  ^Vayne,°liS' 
Ga.v?I00MfPgOnTCrn>.8  ^4F6°  Augusta  Blvd.. 
GarodhffioICorp..  10  Washington  St. 
Gene®a!yEleitric  Company,  Bridgeport 

Harness- Radio  corp..  610  Sixth  Avenue. 
Herbach  AR^ema^ Co..  511  Ludlow  St. 

a5|sc:  :6" 

Lear,  Ijx  IJSSui,"  21*1  Bueter  Road. 

3^-  — - 

Meckhlnd“.ttlet  John  Liberty  at  Penn- 

Mld^efflo  pi-! Broadway,  Cin- 
clnnatl,  Ohio  . rlc.  238  WilUam 

“blri^"ri“' <:oiumbua' In- 

Pack®e.i  Co  3442  WelshU.  Blvd.. 

Phl,c^3Cornpgotat,lmCT.oga  A C Streets. 
Philadelphia  24,  Pa.  628  Bast 

Philharmonic  Radio  Corpora2  ^ 

Rad \o  Co rn  ^f^Amerlca,  RCA  Victor  Dlv.. 
Camden,  N.  J- 
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Record-0- Vox,  Inc.,  721  N.  Martel  Ave., 
Hollywood  46,  Calif. 

Regal  Electronics  Corp.,  20  West  30th  St., 
New'  York,  N.  Y. 

Remter  Company,  Ltd.,  2101  Bryant 
St.,  San  Francisco  10,  Calif. 

Searle  Aero  Industries,  Inc.,  Orange,  Calif. 
Sentinel  Radio  Corp.,  2020  Ridge  Ave., 
Evanston,  111. 

Signal  Electronics,  Inc.,  114  East  16th  St., 
New  York  3,  N.  Y. 

Sonora  Radio  & Television  Corp.,  325  N. 

Hoyne  Avenue,  Chicago,  111. 

Sparks  Withington  Compny,  Jackson, 
Michigan 

Stewart  Warner  Corporation,  1836  Diver- 
sey  Parkway,  Chicago,  111. 
Stromberg-Carlson  Co.,  100  Carlson  Road, 
Rochester,  N.  Y. 

Symphonic  Radio  & Electronic  Corp.,  292- 
98  Main  St.,  Cambridge  42,  Mass. 
Tellcon  Corp.,  851  Madison  Ave.,  New 
York,  N.  Y. 

Templetone  Radio  Mfg.  Corp.,  Templetone 
Building,  New  London,  Conn. 

United  States  Television  Mfg.  Corp.,  106 
Seventh  Avenue,  New  York,  N.  Y. 
Vlewtone  Co.,  203  East  18th  St.,  New 
York,  N.  Y. 

Vlectrlcal  Engineering  Co.,  828  North 
Highland  Avenue,  Los  Angeles  38, 
Calif. 

Warwick  Mfg.  Corp.,  4640  W.  Harrison 
St.,  Chicago,  111. 

Watterson  Radio  Mfg.  Co.,  P O Box  54, 
Dallas,  Texas 

Wells  Gardner  & Co.,  2701  North  Kildare, 
Chicago  39,  111. 

Wilcox  Gay  Corporation,  Charlotte,  Michi- 
gan 

Zenith  Radio  Corp.,  6001  Dickens  Avenue, 
Chicago,  111. 

AM  PORTABLES 

Admiral  Corporation,  3800  W.  Cortland 
St,  Chicago,  111. 

Air  King  Products  Co.,  Inc.,  1523-63rd 
St.,  Bklyn,  N.  Y. 

Andrea  Radio  Corp.,  43-20  34th  St.,  Long 
Island  City,  N.  Y. 

Ansley  Radio  Corp.,  21-10  49th  Ave.,  Long 
Island  City,  N.  Y. 

Automatic  Radio  Mfg.  Co.,  Inc.,  122 
Brookline  Ave.,  Boston,  Mass. 
Belmont  Radio  Corporation,  5921  West 
Dickens  Ave.,  Chicago  39,  111. 

Bendlx  Radio  Corp.,  Baltimore  4,  Md. 
Colonial  Radio  Corp.,  254  Rano  St,  Buf- 
falo, N.  Y. 

Crosley  Corporation,  Cincinnati,  Ohio 
Delco  Radio  Division,  General  Motors  Cor- 
poration, Kokomo,  Indiana 
DeWald  Radio  Mfg.  Corp.,  440  Lafayette 
St.,  New  York,  N.  Y 
Echophone  Radio,  Div.  of  Halllcrafters 
Co.,  2611  S.  Indiana  Ave.,  Chicago, 

Eckstein  Radio  & Television  Co.  Inc,  914 
La  Salle,  Minneapolis,  Minn. 
Electrical  Research  & Mfg.  Co.,  3001  E 
,P  co  ?,lvdv  Los  Angeles,  Calif. 
Electromatlc  Mfg  Corp.,  88  University 
Place,  New  York,  N.  Y 
Electronic  Corp.  of  America,  4 5 West  18th 
St..  New  York,  N.  Y. 

Fa<mi.Badio  & Electric  Co.  Inc.,  30-20 
Thomson  Ave.,  Long  Island  City, 

FarntB7nftrD«  Television  & Radio  Corp., 
PoiJZ0(LrFonUac  St-  Fort  Wayne,  Ind 
° 1 Chicago,  inrP"  1,545  Aususta  Blvd., 
Gar<Bkl?nd^ N.  Sr0rP"  70  Washington  St., 
Ge"  Conn FleCtrlC  Compan>''  Bridgeport, 

0ene^aL -Television  & Radio  Corp.,  2701 
North  Lehmann  Court,  Chicago  14, 

GIIfllr,a"  ABros,'  Iac"  1815  Venice  Blvd 
Los  Angeles,  Calif.  div  a., 

New  Yo?ki°N<YrP-'  51°  S'Xth  Ave- 

HOfrLosn  Angeles  ^Caftf  34 3°  * Hl"  «- 

HOWCrhtagod,I°,lCO"  1731  Bc“  Ave-j 
International  Detrola  Corp.,  1501  Beard 
, Av^..  Detroit,  Michigan 
Keith  Radio  Products,  16th  & K St 
Bedford,  Ind. 

P^tsCorp.,  Kokomo.  Indiana 
MaJesUCrJtatljo  & Television  Corp.,  St. 

Meek  Industries',  John,  Liberty  at  Penn- 
syivania,  Plymouth,  Ind. 


Medco  Mfg.  Co.,  5 West  45th  St,  New 
York,  N.  Y. 

Minerva  Corp.  of  America,  238  William 
St.,  New  York,  N.  Y. 

Noblitt  Sparks  Industries,  Columbus,  In- 
diana 

Packard-Bell  Co.,  3443  Welshire  Blvd., 
Los  Angeles  5,  Calif. 

Philco  Corporation,  Tioga  & C Sts.,  Phila- 
delphia 34,  Pa. 

Philharmonic  Radio  Corporation,  528  East 
72nd  St.,  New  York  21,  N.  Y. 

Pilot  Radio  Corp.,  37-06  36th  St,  Long 
Island  City,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Di- 
vision, Camden,  N.  J. 

Record-O-Vox,  Inc.,  721  N.  Martel  Ave., 
Hollywood  4 6,  Calif. 

Remler  Co.,  Ltd.,  2101  Bryant  St.,  San 
Francisco,  Calif. 

Rex  Products  Co.,  1313  W.  Randolph  St., 
Chicago  7,  111. 

Searle  Aero  Industries,  Inc.,  Orange,  Calif. 

Sentinel  Radio  Corp.,  2020  Ridge  Ave., 
Evanston,  111. 

Setchell  Carlson,  2233  University  Ave., 
St.  Paul,  Minn. 

Sheridan  Electro  Corp.,  2850  S.  Michigan 
Ave.,  Chicago,  111. 

Signal  Electronics,  Inc.,  114  East  16th  St, 
New  York  3.  N.  Y. 

Sonora  Radio  & Television  Corp.,  325  N. 
Hoyne  Ave.,  Chicago,  111. 

Sparks  Withington  Company,  Jackson. 
Michigan 

Stewart  Warner  Corporation,  1836  Diver- 
sey  Parkway,  Chicago,  111. 

Stromberg-Carlson  Co.,  100  Carlson  Road, 
Rochester,  N.  Y. 

Symphonic  Radio  & Electronic  Corp.,  292- 
OS  Main  St.,  Cambridge  42,  Mass. 

Tech-Master  Prods.  Co.,  123  Prince  St., 
New  York,  N.  Y. 

Tellcon  Corp.,  851  Madison  Ave.,  New 
York,  N.  Y. 

Templetone  Radio  Mfg.  Corp..  Templetone 
Building,  New  London,  Conn. 

Trav-Ler  Karenola,  571  W.  Jackson  Blvd., 
Chicago,  111. 

United  States  Television  Mfg.  Corp.,  106 
Seventh  Avenue,  New  York,  N.  Y. 

Vlewtone  Co.,  203  East  18th  St,  New 
York,  N.  Y. 

Warwick  Mfg.  Corp.,  4640  W.  Harrison 
St.,  Chicago,  Til. 

Whiting  & Davis  Company.  Inc.,  23  West 
Bacon  St.,  Plainville.  Mass. 

Wells  Gardner  & Co.,  2701  North  Kildare. 
Chicago  39.  111. 

Westinghouse  Electric  Corp.,  2519  Wilkens 
Ave.,  Baltimore  3,  Md. 

Wilcox  Oav  Corp..  Charlotte.  Michigan 

Zenith  Radio  Corp.,  6001  Dickens  Ave., 
Chicago,  111. 


AM  TABLE  MODELS 


A R F Products  Co.,  7627  Lake  St,  River 
Forest,  111. 

Admiral  Corporation,  3800  W.  Cortland 
St.,  Chicago,  111. 

Air  King  Products  Co.  Inc.,  1523-63rd  St. 
Bklyn,  N.  Y. 

Andrea  Radio  Corp.,  43-20  34th  St,  Long 
Island  City,  N.  Y. 

Ansley  Radio  Corp.,  21-10  49th  Ave.,  Long 
Island  City.  N.  Y. 

Automatic  Radio  Mfg.  Co.  Inc.,  122  Brook- 
line Ave..  Boston,  Mass. 

Belmont  Radio  Corporation,  5921  West 
Dickens  Ave..  Chicago  39,  111. 

Bendix  Radio  Corp.,  Baltimore  4,  Md. 

Colonial  Radio  Corp.,  254  Rano  St.,  Buf- 
falo, N.  Y. 

The  Crosley  Corporation,  Cincinnati  25, 
Ohio 

Crystal  Products  Co.,  1519  McGee  Trafflc- 
way.  Kansas  City,  Mo. 

Delco  Radio  Division,  General  Motors 
Corporation.  Kokomo,  Indiana 

DeWnld  Radio  Mfg.  Corn.,  440  Lafayette 
Sf..  New  York.  N.  Y. 

Echophone  Radio.  Division  of  HalHcraf- 
t»*rs  Co.,  2611  S.  Indiana  Avenue, 
Ohlcasro.  Til. 

Eckstein  Radio  & Television  Co.  Inc.,  914 
LaSalle.  Minneapolis.  Minn. 

Electrical  Research  & Mfg.  Co.,  3001  E. 
Pico  Blvd..  L4>s  Angeles.  Calif. 

Electromatlc  Mfg..  Corp.,  88  University 

Esp 


Kada  Radi°  & Elton,  0*1 
I nomson  Avenue,  i mA 
N.  Y.  ' “’ll 

Farnsworth  Television  1 1 
37(H)  Por.tiac  Si,  Fo*J 

Galvin  Mfg.  Corp.,  4545  3 
Chicago,  111. 

Garod  Radio  Cora..  ;«  wj  .. 

Brooklyn  X.  y. 

General  Electric  I'-.-.m.J 
Conn. 

General  Television  A RajJ 
North  Lehmann  Court  1 

Gilfltlan  Bros.  inc..  Mj  • 

Los  Angeles,  Calif.  1 
Hamilton  Radi  i Cora,  ilt  ■ 

New  York.  X.  Y. 

Hodman  Radio  C<  rp.,  11)1 
Los  Angeles.  Calif.  _ 
Howard  Radio  Co.,  1711  U 
Chicago,  III. 

Industrial  Tool  A Die  Wo* 
University  Avenue,  S.  BJ 
Minn. 

International  Detrola  Cora. 

Ave.,  Detroit,  Michigan 
Keith  Radio  Products.  18th 
ford,  Ind. 

Kingston  Producta  Corp.,  1 
ana 

Lear,  Inc.,  Plqua,  Ohio 
Majestic  Radio  ,v  Televh* 
Charles,  111. 

Meek  Industries,  John,  Lite* 
syivania,  Plymouth,  lid 
Medco  Mfg.  Co,  5 West* 

York,  N.  Y. 

Megard  Corporation.  1601  il 
Avenue,  Los  Angeles  6,  ■ 
Meissner  Manufacturing  KvM* 
Industries,  Inc.,  Mt.  Cara* 
Midwest  Radio  Corp.,  SOS  Ml 
clnnati,  Ohio 

Minerva  Corp.  of  America,  ■ 

SL,  New  York,  N.  V ] 
Noblitt  Sparks  Industries,  Ca 
diana 

Packard-Bell  Co.,  3448  'Vtkl 
Los  Angeles  5,  Calif. 

Philco  Corporation,  Tioga  if 
Philadelphia  34.  Pa 
Philharmonic  Radio  C r-- roti-ia 

72nd  Street,  New  MW* 
Pilot  Radio  Corp..  37-06  M -~ 

Island  City,  N.  Y.  1 

Precision  Specialties,  -10-S6  ■3G5ft 
Ave.,  Los  Angelos  Calif 
Radio  Corp.  of  America,  RCA 
vision,  Camden,  X J 
Record-O-Vox,  Inc.,  731  ».  * 
Hollywood  46,  Calif 
Regal  Electronics  Corn  M 
New  York,  N.  Y. 

Remler  Company,  Ltd,,  w 
Street,  San  Frare.s  'll 
Rex  Products  Co.,  1313  "■ 
Chicago  7,  111. 

Searle  Aero  Industries.  Inc, 
Sentinel  Radio  Corp.,  2010 
Evanston,  111.  . . 

Setchell  Carlson,  2Y-3 

SL  Paul,  Minn.  . 

Sheridan  Electro  Corp,,  B 

Ave.,  Chicago,  III- 
Signal  Electronics,  In  . HI 
New  York  3,  N.  '• 

Sonora  Radio  ft  Televtskm 
Hoyne  Avenue,  C ;cagn 
Sparks  Withington  Company. 

Stewa'rt  Earner  Corp  ration  1 
St*  sey  Parkway,  Ch Pago,  m 

Stromberg-Carlson  Co , 

Rochester,  N.  i. 
Sym^MainRS^cfmMdgr.f> 

-«r^«  , 
Telicon  Corp.,  851  » 

Trav-Ler  Karenola,  .71 

Chicago.  IlL  . , . j|fg.  ( 

United  States  TeJeyMj^  T„* 

Seventh  Avenue.  )(h  | 
Vlewtone  Co.,  203  Ea« 

York,  N.  Y.  (v, 

Sff  * 

Warwick  _Mfg  C0^'  4t,#  ** 

St..  Chicago,  UL  p ( 

Watterson  Rsnio  31  f- 

Dallas.  Texas  „ , 

Wells  Gardner  ft  Co- 
Chicago  39.  l»- 
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ELECTRONIC  and  ALLIED  PRODUCTS 


3 


Westinghouse  Electric  Con).,  2519  Wilkena 
Ave.,  Baltimore  3,  Md. 

Whiting  & Davis  Company,  Inc.,  23  West 
Bacon  Street,  Plalnville,  Mass. 

Wilcox  Gay  Corp.,  Charlotte,  Michigan 
Zenith  Radio  Corp.,  6001  Dickens  Ave., 
Chicago,  IlL 

AM  VEST  POCKETS 

Automatic  Radio  Mfg.  Co.  Inc.,  122  Brook- 
line Ave.,  Boston,  Mass. 

Bendix  Radio  Corp.,  Baltimore  4,  Md. 
Colonial  Radio  Corp.,  254  Rano  St,  Buf- 
falo, N.  Y. 

Delco  Radio  Division,  General  Motors  Cor- 
poration, Kokomo,  Indiana 
Electronic  Corp.  of  America,  45  West  18th 
St,  New  York.  N.  Y. 

Fada  Radio  & Electric  Co.,  Inc.,  30-20 
Thomson  Avenue,  Long  Island  City, 
N.  Y. 

Farnsworth  Television  & Radio  Corp., 
3700  Pontiac  St,  Fort  Wayne,  Ind. 
Gilflllan  Bros.  Inc.,  1816  Venice  Blvd., 
Los  Angeles,  Calif. 

Galvin  Mfg.  Corp.,  4545  Augusta  Blvd., 
Chicago,  111. 

International  Detrola  Corp.,  1501  Beard 
Avenue,  Detroit  Mich. 

Keith  Radio  Products,  16th  ft  K St,  Bed- 
ford, Ind. 

Meek  Industries,  John,  Liberty  at  Penn- 
sylvania,  Plymouth,  Ind. 

Noblltt  Sparks  Industries,  Columbus,  In- 
diana 

Philco  Corporation,  Tioga  ft  C Streets, 
_ Philadelphia  34,  Pa. 

Philharmonic  Radio  Corporation,  528  East 
„ 72nd  Street  New  York  21,  N.  Y. 
Sentinel  Radio  Corp.,  2020  Ridge  Avenue, 
Evanston,  111. 

8herldan  Electro  Corp.,  2850  S.  Mich  l - 
„ wn  Ave.,  Chicago,  111. 

Telicon  Corp.,  851  Madison  Ave.,  New 
York,  N.  V. 

Templetone  Radio  Mfg.  Corp.,  Temple- 
.tone  Building.  New  London,  Conn. 
Wells  Gardner  & Co.,  2701  North  Kildare, 
„ Chicago  39.  111. 

Zenith  Radio  Corp.,  6001  Dickens  Ave., 
Chicago,  ill. 

Receivers,  Home — AM-FM 

AM-FM  COMBINATIONS 

Admiral  Corporation,  3800  W.  Cortland 
„ St,  Chicago,  111. 

Air-King  Products  Co.  Inc.,  l523-6Srd  St, 
Brooklyn,  X.  Y. 

Atuley  Radio  Corp.,  21-10  4Sth  Ave., 
Long  Island  City,  X.  Y. 
del  mo  at  Radio  Corporation,  5921  West 
u Dickens  Avenue,  Chicago  39,  111. 
SS.BjJi0  Corp.,  Baltimore  4,  Md. 
colonial  Radio  Corp.,  254  Rano  Street, 
Buffalo,  N.  Y. 

The  Crosley  Corporation,  Cincinnati  26, 
_ Ohio 

oelco  Radio  Division,  General  Motors  Cor- 
I*lratlon'  Kokomo,  Indiana 
Bchophone  Radio,  Division  of  HalUcraft- 
***  Co.,  2«ii  s.  Indiana  Avenue,  Chi- 
cago.  111. 

Blectricai  Research  db  Mfg.  Co„  3001  E. 

BJ.vd  - D08  Angelea,  Calif. 
Electronic  Corp.  of  America,  45  West  18th 
Street,  New  York,  N.  i. 

33  Weat  4,th  st- 

»*da  Radio  A Electric  Co.  Inc.,  80-20 
Thomson  Ave.,  Long  Island  City, 

Farnsworth  Television  A Radio  Corp.,  8700 
PreJ  S'1??  Fort  Wayne,  Ind. 

YoST*!?  Y°ri>'’  200  *iui30n  st'  New 

0alvinM Mfg.  Corp.,  4545  Augusta  Blvd., 
Chicago,  IlL 

Brookf^,  Sr01^:  70  Wa8hln*ton  St- 
Eiectrlc,Co.,  Bridgeport,  Conn. 
u>  ™ ,BrMV  Inc-  1815  Venice  Blvd., 
Angeles,  Calif. 

Merbach  A Rademan  Co.,  617  Ludlow 
HoffmEree*T> Philadelphia  6.  Pa. 

Hoffman  Rad  o Corn.,  3430  S.  Hill  St, 
H L° j Angeles,  Calif. 

" rhl.Radl,°„ Co-  1781  Belmont  Ave., 
Chicago,  III. 

international  Detrola  Corp.,  1501  Beard 
Detroit,  Mich. 

foM  Ind>r°dUC“’  16th  & K St'  Bed" 
fj"?®1,0"  Products  Corp.,  Kokomo,  Ind. 
uar-  'ho  , Piqua,  Ohio 


Magnavox  Company,  Fort  Wayne,  Indiana. 
Majestic  Radio  ft  Television  Corp.,  St 
Charles  IlL 

Meek  Industries,  Plymouth,  Ind. 

Medco  Mfg.  Co.,  5 West  45th  St,  New 
York,  N.  Y. 

Megard  Corporation,  1601  S.  Burlington 
Avenue,  Los  Angeles  6,  Calif. 
Meissner  Manufacturing  Division,  Maguire 
Industries,  Inc.,  Mt  Carmel,  IlL 
Midwest  Radio  Corp.,  Cincinnati,  Ohio. 
Noblitt  Sparks  Industries,  Columbus,  Ind. 
Packard-Bell  Co.,  3443  Welshire  Blvd.. 

Los  Angeles  5,  Calif. 

Philco  Corporation,  Philadelphia  84,  Pa. 
Philharmonic  Radio  Corporation,  628  East 
72nd  Street,  New  York  21,  N.  Y. 

Pilot  Radio  Corp..  37-06  36th  Street,  Long 
Island  City,  N.  Y. 

Precision  Specialties,  210-28  N.  Western 
Ave.,  Los  Angeles,  Calif. 

Radio  Corp.  of  America,  RCA  Victor  Di- 
vision, Camden,  N.  J. 

Ray  Energy  and  Television  Corp.  of  Amer- 
ica, 521  6th  Avenue.  New  York.  N.  Y. 
Record-O-Vox,  Inc.,  72l  N.  Martel  Ave., 
Hollywood  46,  Calif. 

Remler  Co.  Ltd.,  2101  Bryant  St,  San 
Frariclaco,  Calif. 

Scott  Radio  Labs.  Inc.,  4541  R&venswood 
Avenue,  Chicago,  111. 

Sentinel  Radio  Corp.,  2020  Ridge  Avenue, 
Evanston,  IlL 

Sheridan  Electro  Corp.,  2850  S.  Michigan 
Ave.,  Chicago,  111. 

Signal  Electronics,  Inc.,  114  East  16th  St, 
New  York  3,  N.  Y. 

Sonora  Radio  ft  Television  Corp.,  326  N. 

Hoyne  Avenue.  Chicago,  111. 

Sparks  Withlngton  Co.,  Jackson,  Michigan 
Stewart  Warner  Corporation.  1836  Diver- 
sey  Parkway,  Chicago,  IlL 
Stromberg-Carlson  Co.,  Rochester,  N.  Y. 
Tech-Master  Prods.  Co.,  12  Prince  St., 
New  York,  N.  Y. 

Telicon  Corp.,  851  Madison  Ave.,  New 
York.  N.  Y. 

Templetone  Radio  Mfg.  Corp.,  Templetone 
Building,  New  London,  Conn. 
Viewtone  Co.,  203  East  18th  St.,  New 
York,  N.  Y. 

Vlectrlcal  Engineering  Co..  828  North 
Highland  Avenue,  Los  Angeles  38, 
Calif. 

Warwick  Mfg.  Corp.,  4640  W.  Harrison 
St.,  Chicago,  Til. 

Wells  Gardner  & Co.,  2701  North  Kildare, 
Chicago  39.  111. 

Westinghouse  Electric  Corp.,  2519  Wilkens 
Ave..  Baltimore  3,  Md. 

Wilcox  Gay  Corporation,  Charlotte,  Mich. 
Zenith  Radio  Corp..  6001  Dickens  Ave., 
Chicago,  111. 

AM-FM  CONSOLES 

Admiral  Corporation,  3800  W.  Cortland 
St,  Chicago,  111. 

Andrea  Radio  Corp.,  43-20  34th  St.,  Long 
Island  City,  N.  Y. 

Ansley  Radio  Corp.,  21-10  49th  Ave.,  Long 
Island  City,  N.  Y. 

Belmont  Radio  Corporation,  6921  West 
Dickens  Avenue,  Chicago  89,  111. 
Bendix  Radio  Corp.,  Baltimore  4,  Md. 
Colonial  Radio  Corp.,  254  Rano  St,  Buf- 
falo, N.  Y. 

Crosley  Corporation,  Cincinnati  25,  Ohio 
Delco  Radio  Division,  General  Motors  Cor- 
poration, Kokomo,  Indiana 
DeWald  Radio  Mfg.  Corp.,  440  Lafayette 
St.,  New  York,  N.  Y.  „ 

Echophnne  Radio  Division  of  Halll- 
crafters  Co.,  2611  S.  Indiana  Ave., 

Chicago,  111.  _ _ 

Electrical  Research  & Mfg.  Co.,  3001  E. 

Pico  Blvd.,  Los  Angeles,  Calif. 
Electronic  Corn,  of  America,  45  West  18th 
St.,  New  York,  N.  Y. 

Fada  Radio  & Electric  Co.  Inc.,  30-20 
Thomaa  Ave.,  Long  Island  City.  N.  Y. 
Farnsworth  Television  & Radio  Corp., 
3700  Pontiac  St..  Fort  Wayne.  Ind 
Galvin  Mfg.  Corp..  4545  Augusta  Blvd., 
Chicago,  IlL  . , 

Garod  Radio  Corp.,  70  Washington  St., 
Bklyn.  N.  Y. 

General  Electric  Co.,  Bridgeport,  Conn. 
Gilflllan  Bros.  Inc..  1815  Venice  Blvd., 
Los  Angeles,  Calif.  , 

Hamilton  Radio  Corp.,  610  Sixth  Ave., 
New  York,  N.  Y. 

Herbach  & Rademan,  517  Ludlow  St, 
Philadelphia  6.  Pa. 

Hoffman  Radio  Corp..  3430  S.  Hill  St., 
Los  Angeles.  Calif. 

Howard  Radio  Co.,  J731  Belmont  Ave., 
Chicago  HI. 


International  Detrola  Corp.,  1501  Beard 
Ave.,  Detroit,  Mich. 

Kingston  Radio  Products  Corp.,  Kokomo. 
Indiana 

Lear,  Inc.,  Piqua,  Ohio 

Magnavox  Company,  2131  Bueter  Road. 

Fort  Wayne,  Indiana 
Majestic  Radio  & Television  Corp..  St. 
Charles,  Illinois 

Meek  Industries,  John,  Liberty  at  Penn- 
sylvania, Plymouth,  Ind. 

Medco  Mfg.  Co.,  5 West  45th  St,  New 
York,  N.  Y. 

Megard  Corporation,  1601  S.  Burlington 
Ave.,  Los  Angeles  6,  Calif. 

Meissner  Manufacturing  Division,  Maguire 
Industries,  Inc.,  ML  Carmel,  111. 
Midwest  Radio  Corp.,  909  Broadway,  Cin- 
cinnati, Ohio 

Minerva  Corp.  of  America,  238  William 
St,  New  York,  N.  Y. 

Noblltt  Sparks  Industries,  Columbus,  Ind. 
Packard-Bell  Co.,  8448  Welshire  Blvd.. 

Los  Angeles  5,  Calif. 

Philco  Corporation,  Tioga  ft  C Sts.,  Phila- 
delphia 84,  Pa. 

Philharmonic  Radio  Corporation,  5S8 
East  72nd  St,  New  York  21.  N.  Y. 
Radio  Corp.  of  America,  RCA  Victor  Dlv.. 
Camden,  N.  J. 

Record-O-Vox,  Inc.,  721  N.  Martel  Ave.. 
Hollywood  46,  Calif. 

Remler  Co.  Ltd.,  2101  Bryant  St,  San 
Francisco,  Calif. 

Scott  Radio  Labs.  Inc.,  4541  Ravenawood 
Ave.,  Chicago,  IlL 

Sentinel  Radio  Corp.,  2020  Ridge  Ave. 
Evanston,  IlL 

Sheridan  Electro  Corp.,  2850  S.  Michigan 
Ave.,  Chicago,  111. 

Signal  Electronics,  Inc.,  114  East  16th 
St.,  New  York  3,  N.  Y. 

Sonora  Radio  ft  Television  Corp.,  326  N 
Hoyne  Ave.,  Chicago.  111. 

Stewart  Warner  Corporation,  1836  Diver 
sey  Parkway,  Chicago,  IlL 
Stromberg-Carlson  Co.,  100  Carlson  Road 
Rochester,  N.  Y. 

Telicon  Corp.,  851  Madison  Ave.,  New 
York,  N.  Y. 

Templetone  Radio  Mfg.  Corp.,  Templetone 
Building,  New  London,  Conn. 

United  States  Television  Mfg.  Corp.,  104 
Seventh  Avenue,  New  York,  N.  Y. 
Viewtone  Co.,  203  East  18th  St,  New 
York,  N.  Y. 

Vlectrlcal  Engineering  Co.,  828  North 
Highland  Ave.,  Los  Angeles  88.  Calif 
Wells  Gardner  ft  Co.,  2701  North  Kildare. 
Chicago  39,  IlL 

Westinghouse  Electric  Corp.,  2519  Wilken* 
Ave.,  Baltimore  3,  Md. 

Wilcox  Gay  Corporation,  Charlotte,  Michi- 
gan 

Zenith  Radio  Corp.,  6001  Dickens  Ave.. 
Chicago,  IlL 

AM-FM  PORTABLES 

Admiral  Corporation,  3800  W.  Cortland 
St,  Chicago,  IlL  . „ „ 

Echophone  Radio  Division  of  Halli- 
crafters  Co.,  2611  S.  Indiana  Ave.. 
Chicago,  111. 

Electrical  Research  ft  Mfg.  Co.,  8001  E 
Pico  Blvd.,  Los  Angeles,  Calif. 

Fada  Radio  ft  Electric  Co.  Ina,  80-20 
Thomson  Ave.,  Long  Island  City,  N.  Y. 
Hallicrafters  Co.,  2611  Indiana  Ave.. 

Hoffman  Radio  Corp.,  3430  S.  Hill  8t. 
Los  Angeles.  Calif. 

Keith  Radio  Products,  16th  ft  K Sts. 
Bedford,  Ind. 

Minerva  Corp.  of  America,  238  William 
St,  New  York,  N.  Y. 

Packard-Bell  Co.,  3443  Welshire  Blvd. 

Los  Angeles  5,  Calif. 

Philco  Corporation,  Tioga  ft  C Sts.,  Phila- 
delphia 34.  Pa. 

Philharmonic  Radio  Corporation,  528  Easi 
72nd  St,  New  York  21,  N.  Y. 

Ray  Energy  and  Television  Corp.  o 1 
America,  521  Fifth  Ave.,  New  York 
N.  Y. 

Sentinel  Radio  Corp.,  2020  Ridge  Avt. 
Evanston,  IlL 

Signal  Electronics,  Inc.,  114  East  16th  St_ 
New  York  3,  N.  Y. 

Sonora  Radio  & Television  Corp.,  326  N 
Hoyne  Ave.,  Chicago,  IlL 
Telicon  Corp.,  851  Madison  Ave.,  New 
York  \ Y. 

Vlectrlcal’  'Engineering  Co..  828  Nortt 
Highland  Ave.,  Los  Angeles  38,  Calif 
Zenith  Radio  Corp.,  6001  Dickens  Ave. 
Chicago,  111. 
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AM-FM  TABLE  MODELS 

ARP  Products  Co.,  7627  W.  Lake  St.. 
River  Forest,  I1L 

Admiral  Corporation,  3800  W.  Cortland 
St.,  Chicago,  111. 

Air-King  Products  Co.  Inc.,  1523-63rd  St., 
Bklyn,  N.  Y. 

Andrea  Radio  Corp.,  43-20  34th  St,  Long 
Island  City,  N.  Y. 

Belmont  Radio  Corporation,  6921  West 
Dickens  Avenue,  Chicago  39,  111. 
Bendix  Radio  Corp.,  Baltimore  4,  Md. 
Colonial  Radio  Corp.,  264  Rano  St,  Buf- 
falo, N.  Y. 

Crosley  Corporation,  Cincinnati  25,  Ohio 
Delco  Radio  Division,  General  Motors 
Corporation,  Kokomo,  Indiana 
DeWald  Radio  Mfg.  Corp.,  440  Lafayette 
St.,  New  York.  N.  Y. 

Echophone  Radio  Division  of  Halli- 
crafters  Co.,  2611  S.  Indiana  Ave., 
Chicago,  111. 

Electrical  Research  & Mfg.  Co.,  3001  E. 

Pico  Blvd.,  Los  Angeles,  Calif. 
Electronic  Corp.  of  America,  45  West 
18th  Street,  New  York,  N.  Y. 

Fada  Radio  & Electric  Co.  Inc.,  30-20 
Thomson  Ave.,  Long  Island  City, 

Farnsworth  Television  & Radio  Corp., 
3700  Pontiac  St.,  Fort  Wayne,  Ind. 
Galvin  Mfg.  Corp.,  4545  Augusta  Blvd., 
Chicago.  111. 

Garod  Radio  Corp.,  70  Washington  St, 
Bklyn,  N.  Y. 

General  Electric  Co.,  Bridgeport,  Conn. 
Gilflllan  Bros.  Inc.,  1815  Venice  Blvd.. 
Los  Angeles,  Calif. 

HamNerYOTk,iN  CYrP'’  610  Si*th  AVe" 
Hoffman  Radio  Corp.,  3430  S.  Hill  St 
Los  Angeles,  Calif. 

Howard  Radio  Co.,  1731  Belmont  Ave., 
Chicago,  111. 

Industrial  Tool  A Die  Works,  Inc.,  2824 
University  Ave,,  S.  E.,  Minneapolis, 

InteA^0nDaetr?rt:™nchC0rP'  1501  Beard 
Keith  Radio  Products,  16th  & K St.  Bed- 
rord,  Ind. 

^"^Indiana^*0  Products  CorP.,  Kokomo, 

Majestic  Radio  & Television  Corp.,  St 
Charles,  Illinois  ' 

Meek  Industries,  John,  Liberty  at  Penn- 
sly vanla,  Plymouth,  Ind. 

York  N Y"  6 WeSt  45th  St-  New 

^aA^.6LT^^R^^0k1ifBurl,n«on 

M,d"lnL?iadJ?hfo°rP  - 909  Broadway»  Cin- 

M'n<‘stVa  ^wYoric.  Nm  Y1^  238  WllIlam 
NObdt|tan|PttrkS  Industrles'  Columbus,  In- 

^S-I^e.a°-6,  8St  Wetoh,re  Blyd- 

T‘°*a  * C Sta.  PhUa- 

Phn  75^1J°S.tc  Sadlo..CorPora,lon.  528  East 
Plio,72»da?t"^New  York  N.  Y. 

"isK'cSrii. 3y7;06  ieth  st- 
Precision  Specialties,  210-26  N.  Western 
„ A Lo»  Angeles,  Calif.  “ 

^ CaSidTn  °N  jmer‘Ca’  RCA  Vlctor  »*»•. 

***  i?ierEl’l'anA,tSlev1t8lon  Corp.  of  Amer- 
tca.^621  Fifth  Avenue,  New  York, 

*^?ofea  STbSi  N-  Marte>  A-- 

RemprranCc?scoLtSa„f101  Bryan‘  San 
i**r!e  Ae™  Industries,  Inc.,  Orange  Calif 
SenUEnveL?«aodn!0I.f0rp-  2020  Rld«o  Avi; 

8h6rAven!?heSoCOliP  - 2860  S- 
S^New  YoX^N^YV  114  EaSt  1,tt  St* 

Sonora  Radio  & Television  Corp.,  326  N 
_ H°yne  Ave.,  Chicago,  111. 

Sparks  Withington  Co.,  Jackson,  Michigan 
Stewart  Warner  Corporation,  1836  Diver- 
sey  Parkway,  Chicago,  ill. 

Strom berg-Carlson  Co.,  100  Carlson  Rd. 

Rochester,  N.  Y.  * 

Tech-Master  Prods.  Co.,  123  Prince  St, 
New  York,  N.  Y. 

Telicon  Corp  861  Madison  Ave.,  New 
York,  N.  Y. 

Templetone  Radio  Mfg.  Corp.,  Templetons 
Building,  New  London,  Conn. 
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Trav-Ler  Karenola,  571  W.  Jackson  Blvd., 
Chicago,  111. 

Viewtone  Co.,  203  East  18th  St,  New 
York,  N.  Y. 

Vlectrical  Engineering  Co.,  828  North 
Highland  Ave.,  Los  Angeles  38,  Calif. 

Warwick  Mfg.  Corp.,  4640  W.  Harrison 
St,  Chicago,  III 

Wells  Gardner  & Co.,  2701  North  Kildare, 
Chicago  39,  111. 

Zenith  Radio  Corp.,  6001  Dickens  Ave., 
Chicago,  111. 

Receivers.  Home — FM 


FM  COMBINATIONS 

Belmont  Radio  Corporation,  5921  West 
Dickons  Ave.,  Chicago  29,  111. 

DeWald  Radio  Mfg.  Corp.,  440  Lafayette 
St,  New  York,  N.  Y. 

Fada  Radio  A Electric  Co.  Inc.,  30-20 
Thmnson  Ave.,  Long  Island  City, 

Gilflllan  Bros.  Inc.,  1816  Venice  Blvd., 
Los  Angeles,  Calif. 

Medco  Mfg.  Co.,  6 West  46th  St.,  New 
York.  N.  Y. 

Megard  Corp.,  1601  S.  Burlington  Ave., 
Los  Angeles  6,  Calif. 

Ray  Energy  and  Television  Corp.  of 
America,  621  Fifth  Ave.,  New  York, 
N.  Y. 

Telicon  Corp.,  861  Madison  Ave.,  New 
York,  N.  Y. 

FM  CONSOLES 

Belmont  Radio  Corporation,  6921  West 
tv  „,D  c.kan-\,Ave"  Chicago  39,  111. 
DeWald  Radio  Mfg.  Corp.,  440  Lafayette 
St,  New  York,  N.  Y. 

Fad»  Ri»dl0  & Electric  Co.  Inc..  80-20 
-...Thomson  Ave.,  Long  Island  City,  N.  Y. 
Gilflllan  Bros.  Inc.,  1816  Venice  Blvd., 
Los  Angeles,  Calif. 

Megard  Corporation,  1601  S.  Burlington 
Ave.,  Los  Angeles  6.  Calif. 

Telicon  Corp.,  861  Madison  Ave.,  New 
York,  N.  Y. 

FM  PORTABLES 

Fad^U.Rad,°  * Electric  Co.  Inc.,  30-20 

Av?’  L0"*  Island  City,  N.  Y. 
GIlflVa"  ABro!V  In>  l*1*  Venice  Blvd., 

w w Los  Angeles,  Calif. 

York.  N Y°”  5 We8t  45th  St*  New 
Ray4?Ter^ani,  J^levIslon  Corp.  of  Amer- 
N^Y621  Pfth  Avenue*  New  York, 

Telicon  Corp.,  851  Madison  Ave.,  New 
York,  N.  Y. 

TraV^tfr  Earenola,  571  W.  Jackson  Blvd., 
Chicago,  111. 

FM  TABLE  MODELS 

Belmont  Radio  Corporation,  6921  West 
- , Ave.,  Chicago  39,  111. 

Colonial  Radio  Corp.,  264  Rano  St,  Buf- 
ialo  7,  N.  Y. 

DaWstd  5S?°ySS ?-n°?.-  440  Lafayett* 

Fada  RBdlo  ft  Electric  Co.  Inc.,  20-20 
omson  Ave.,  Long  Island  City,  N.  Y. 
Gilflllan  Bros.  Inc.,  1315  Venice  Blvd., 
. „ L.°"  Angeles,  Calif. 

Industrial  Tool  A Die  Works,  Inc.  2824 
M?nnerS‘  y Ava>  s-  B-  Minneapolis, 

Med  Yor“fN  *y"  8 W<*‘  4801  st-  New 
Megard  Corporation  1601  S.  Burlington 
Ave.  Ixis  Angeles  6,  Callt 
Meissner  Manufacturing  Division,  Maguire 
Industries,  Inc.  Mt  Carmel,  I1L 
Ray  a"d.Tel'evision  Com  of  Amer- 

lea,  521  Fifth  Ave.,  New  York,  N.  Y 
Sonora  Radio  A Television  Com*,  226  N 
Hoyne  Ave.,  Chicago,  m. 

Str°R«h?;?eariT  100  Cartaon  »- 

T6"CYOTkCNP  Y 861  Madlaon  Av«-  New 

Tra'?l'fr 'Karenola  671  W.  Jackson  Blvd., 
Chicago,  111.  • 

FM  VEST  POCKETS 

Fadmt,?2?10  *.  Electrlc  Co.  Inc.,  80-20 
Thmnson  Avenue,  Long  Island  City, 

Ray  Energy  and  Television  Com.  of 
America,  521  Fifth  Ave.,  New  York* 

Tell<Y(>rk?NP'Y  861  Madlson  Ave-  New 


Receivers^ 


HADIO.  AIRCRAFT  j i 

Bendix  Radio  Corp.,  Baltimore  4,  Md. 
Collins  Radio  Co.,  Cedar  Rapids,  Iowa  f 
Colonial  Radio  Corp.,  254  Rano  St,  Buf. 
falo  7,  N.  Y. 

Gates  Radio  & Supply  Co.,  Quincy,  III 
General  Electric  Co.,  Bridgeport  Conn. 
Gilflllan  Bros.,  Inc.,  1816  Venice  Blvd.,  Loi 
Angeles,  Calif. 

Hallicrafters  Co.,  2611  S.  Indiana  Ava, 
Chicago  111. 

Herbach  & Rademan  Co.,  617  Ludlow  St. 

Philadelphia  6,  Pa. 

Lear,  Inc.,  Plqua,  Ohio 
Midwest  Radio  Corp.,  909  Broadway,  Cin- 
cinnati, Ohio 

Radio  Receptor  Co.,  Inc.,  251  West  19th 
St,  New  York,  N.  Y. 

Raytheon  Mfg.  Co.,  60  East  42nd  St,  New 
York  17,  N.  Y. 

Searle  Aero  Industries,  Inc.,  Orange,  Calif. 

PANORAMIC  RECEIVERS 

Hallicrafters  Co.,  2611  Indiana  Avenue, 
Chicago  16,  111  f 

Panoramic  Radio  Corporation,  242  West  , 
55th  St,  New  York  19,  N.  Y.  j 

RADIO  COMPASS  RECEIVERS 


I 


Air  Communications,  Inc.,  2233  Grand  i 
Ave.,  Kansas  City  8,  Mo. 

Aireon  Manufacturing  Corp.,  Fairfax  ft 
Funston  Rds.,  Kansas  City  15,  Kansas 
Airplane  & Marine  Instruments,  Inc., 
Clearfield,  Pa. 

Andrea  Radio  Corp.,  43-20  34th  St,  Lorn 
Island  City,  N.  Y. 

Ansley  Radio  Corp.,  21-10  49th  Ave.,  Lon# 
Island  City,  N.  Y. 

Barker  & Williamson,  235  Fairfield  Ava, 
Upper  Darby,  Pa. 

Bassett,  Inc.,  Rex,  500  S.  E.  Second  St, 
Ft.  Lauderdale,  Fla. 

Belmont  Radio  Corp.,  5921  W.  Dickens 
Ave.,  Chicago  39,  111. 

Bendix  Radio  Div.,  Bendix  Aviation  Corp., 
Baltimore  4.  Md. 

Collins  Radio  Co.,  855-35th  St  N.  B., 
Cedar  Rapids,  Iowa 
Communications  Co.,  Inc.,  300  Greco  Ava, 
Coral  Gables  34,  Fla. 

Communications  Equipment  Corp.,  134 
West  Colorado  St,  Pasadena  1,  Call*. 
Crosley  Corp.,  1329  Arlington  St,  Cin- 
cinnati  3,  Ohio 

Fairchild  Camera  A Instrument  Corp., 
475  Tenth  Ave.,  New  York  18,  N.  Y. 
Federal  Telephone  and  Radio  Corp.,  591 
Broad  St,  Newark,  N.  J. 

Finch  Telecommunications,  Inc.,  Passaic, 

N.  J. 

Fisher  Research  Laboratory,  1961  Univer- 
sity Ave.,  Palo  Alto,  CaL 
Garod  Radio  Corp.,  70  Washington  St, 
Brooklyn,  N.  Y. 

General  Communication  Co.,  530  Common- 
wealth Ave.,  Boston  15,  Masa 
General  Electric  Co.,  Schenectady  5,  N.  x. 
Giannini  & Co.,  Inc.,  G.  M.,  161  E.  Cali- 
fornia St,  Pasadena,  Calif. 

Grady  Instrument  Co.,  11  Bailey  Ave* 
Watertown  72,  Mass.  , __  . 

Gray  Radio  Co.,  730  Okeeshobee  Rd.,  West 
Palm  Beach,  Fla.  _ . 

Hallicrafters  Co.,  2611  Indiana  Ave.,  Chi- 
cago 16,  III. 

Harvey  Radio  Laboratories,  Inc.,  447  Con- 
cord Ave.,  Cambridge,  Mass. 

Harvey- Wells  Electronics,  Inc.,  North  at. 

Southbrldge,  Mass. 

Heath  Co.,  Benton  Harbor,  Mich. 

Hudson  American  Corp.,  25  W.  43rd  St, 
New  York,  N.  Y.  _ . 

Islip  Radio  Manufacturing  Corp.,  Foot  ol 
Beech  St,  Islip,  New  York  . 

Jefferson,  Inc.,  Ray,  40  E.  Merrick  Rd*, 
Freeport.  L.  I.,  N.  Y.  flK 

JefTerson -Travis  Radio  Mfg.  Corn.,  **6 
East  23rd  St,  New  York  10,  N.  Y. 
Kaar  Engineering  Co.,  619  Emerson  Bt, 
Palo  Alto,  Calif.  „ .,1 

Knickerbocker  Development  Corp., 

Little  St,  Belleville  9.  N.  J. 

Lear,  Inc..  Plqua,  Ohio  _ . 

Magna  vox  Co.,  The,  2131  Bueter  Rd.,  Fort 

McGradenMfg.  C?a,  E.  W.,  400  West 
St.,  Kansas  City,  Mo.  » 

Megard  Corp.,  1601  S.  Burlington  Bt, 
Los  Angeles  6,  Calif.  ig 

National  Co.,  61  Sherman  St,  Malden  4 , 
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Pacific  Electronics.  Sprague  at  Jefferson 
P^ra«te-2«W.B5th  St. 
Phllh^niJkR%?'Corp.v  628  E.  72nd 
prj  Walesa  °Xnc.,2  1476  Broadway,  New 
RadtoCo^’of  ' America,  RCA  Victor  Dlv., 

Radi^Laboratories,  Ina,  2701  California 
Ave.,  Seattle  6,  * A,._ 

Radio  Mfg.  Engineers,  Inc.,  304  First  Ave., 

Radio“avigatlonal  Instrument  Corn.,  500 
R Varick 

Raytheon,MfgY°Co’.,  Foundry  Ave.,  Wftl- 
Rehtmr^’Corp.,  4313  Lincoln  Ave.,  Chi- 
Sargenfco.;  e!  M.,  212  Ninth  St,  Oak- 
SononTR^toft  Television  Corp.,  325  N. 
Boreal ^va.  Statu- 

Sperry^Gyroscope  Co.,  Inc.,  Manhattan 
Bridge  Plaza,  Brooklyn  1,  N.  Y. 

Technical  Radio  Co.,  275  Ninth  St.,  San 
Francisco,  Calif.  ms 

U.  S.  Television  Manufacturing  Corp.,  106 

Un,M^tate^Rubber^Ja,°123Vfehcth  Ave., 

Western  ElS*rlc#fc£  Inc.,  120  Broadway, 

Wllcox\tectrlc ' Co.,  1400  Chestnut  St, 
Kansas  City,  Mo. 

RAILROAD  RECEIVERS 

. Alreon  Mfg.  Corp.,  Kansas  City,  Kans. 

' Bendix  Radio  Corp.,  Baltimore  4,  Md 

Farnsworth  Television  & Radio  Corp.,  3700 
Pontiac  St..  Fort  Wayne.  Ind. 

Galvin  Mfg.  Corp.,  4545  Augusta  Blvd., 
Chicago.  111. 

General  Electric  Co.,  Bridgeport,  Conn. 
HalHcrafters  Co.,  2611  S.  Indiana  Ave., 
Chicago,  111.  «,t 

Herbach  & Rademan  Co.,  517  Ludlow  St., 
Philadelphia  6,  Pa.  ^ 

Medco  Mfg.  Co..  5 West  46th  St.,  New 
York  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J.  „ , 

Raytheon  Mfg.  Co.,  60  East  42nd  St.,  New 

Westinghouse  Electric  Corp.,  2519  Wilkens 
Ave.,  Baltimore  3,  Md. 

TELEVISION  RECEIVERS 

> Andrea  Radio  Corp.,  43-20  34th  St,  Long 
Island  City,  N.  Y.  _ 

Allen  B.  DuMont  Laboratories,  Inc.,  & 
Main  Ave.,  Passaic,  N.  J. 

Echophone  Radio  Div.  of  Hallicrafters 
Co.,  2611  S.  Indiana  Ave.,  Chicago, 
111. 

General  Electric  Co.,  Bridgeport,  Conn. 
Hallicrafters  Co.,  2611  Indiana  Ave.,  Chl- 
cairn  lfi  Til 


American  Radio  Co.,  611  E.  Garfield  Ave., 
Glendale,  Calif.  _.  Q 

Aray  Mfg.  & Supply  Co.,  3107  Pine  St,  St 

Automat  Radio  Co.,  3855  N.  Hamilton 
Automatic0  ElSurio  Co.,  1033  W.  Van 
Barker"*"  wmlamson,°  235  Fairfield  Ave., 
BastrettTTnSf  Rex,  600  S.  E.  Second  St., 
Collins"  klM!-8F515a"35th  St.  N.  E„ 
ComS«oS!sMa0  Greco  Ave.,  Cora! 

Gables  34,  Fla.  . _ 104  w 

Communications  Equipment  Corp.,  134  w. 

Colorado  St,  Pasadena  1,, Callr. 

Doolittle  Radio,  Inc.,  7421  S.  Loomis  Bl%d„ 

ElectHca?gEngineerlng  Co.,  Los  Angeles, 

Electronic  Specialty  Co u,  *«•  Gle"dale 
Blvd.,  Los  Angeles.  Calif. 

Electronic  Measurements  Co.,  Red  iiana. 

Federal  "^Telephone  and  Rad  io  Corp.,  591 

FlsherrRedseSarch  Moratory, , 195 1 Unlver- 

General  Co^uni^Uonto  ^Common. 

HarvT/Me  gM'A^n  Blvd,, 

Harvey* I^dfo'l^Lhoratorles,  Inc.,  447  Con- 
H cord  Ave..  Cambridge,  Mass 
Harvey- Wells  Electronics,  Inc.,  North  St. 

HatcWF?sl!’  ““Kansas  Ave..  Topeka, 

Hoggin °0InduBtHe8^22^ir' Warwick  Ave.. 
HudsrMnc'a^c|?p.!"25  West  43rd  St. 
Isl,pNkrd,Yo°%gNCorp.,  foot  of  Beech  St. 
Islip,  N.  Y.  Merrick  Rd., 

Jeffekre"po^  uMn^  N.  Y 245 

jefferson-Travis  Radio  Ms.  C R Y. 

KaarEEng2ineer^g  Co..  6,9  Emerson  St, 

KelloTASlf  « Co..  6650 

Knickerbocker^Hevelopment^  Corp..  «« 

L,nkLiredStM/ei"I  West  17th"  St..  New 

Marillme’ladto  corp..  24  Whitehall  St. 
Milled, I°%NJames,  150  Exchange  St 

Na.l“af Co., “rsherman  St..  Malden  48. 

Mass.  , - 206  S.  W.  Wash- 

St..  Spokane,  WasK  'Broadway.  New 
Press  Wireless  Inc.. 

York,  N.  Y.  242  w 55th  St. 

presto  Recording  Corp., 

N<’W  York.  N-  Y Michigan  Ave. 

Radi"  ("raftsmen. 


K CmephSe  Litchfield 

Wal^h’ 'Engineering"  Co..  34  De  Hart  Place, 
WestE,™aElectrS"Co..  Inc..  120  Broadway. 

Wilcox WEYe°rtricN'Cn.,  1400  Chestnut  St. 
Kansas  City,  Mo. 


Record  Changers . 


are  Changers,  Record 


Record  Players. 


see  Phonographs 


Recorders. 


Phllco  Corporation,  Tioga  & C Sts.,  Phila-  n.d|oh^gineerlng  I-aboratorles.  Inc^  35^ 

Pilona^  37-06  36th  St.  Long 

3»»i  Television  Corp.,  325  N.  304  First  Ave.. 

Tell^nynCorpoer 851 * ’ Mad  i son  Ave.,  ,,, Navigational  Instrument  Corp.,  500 

Bnited'stltes  "Television  Mfg.  Corp  , 106  R&  F'fth ' ,Ag  1 ConTo ^America,  75  Varick 

V,ewSte„V„eemkoAVe2n0U3e'  East  mh"  ^ N°ew  l°Ik^r"J"  15  W.  20th  St, 

York,  N.  Y. 


RECEIVERS.  OTHER 

Abbott  Instrument,  Inc.,  8 West  18th  St., 
New  York,  N.  Y. 

Aero  Communications,  Inc.,  231  Main  St., 
Hempstead,  Long  Island,  N.  Y. 

Air  Associates,  Inc.,  5827  W.  Century 

, , Blvd.,  Los  Angeles  45,  Calif. 

Air  Communications,  Inc.,  2233  Grand 
Ave.,  Kansas  City,  Mo.  . _ _ 

Alreon  Manufacturing  Corp.,  Fairfax  & 
Funston  Rds.,  Kansas  City  15,  Kans. 

Aircraft  Radio  Corp.,  Boonton,  N.  J. 

Airplane  & Marine  Instruments,  Inc., 
Clearfield,  Pa.  ... 

American  Communications  Corp.,  306 
Broadway,  New  York,  N.  Y. 

ELECTRONICS — November  T945 


St.,  New  nP°nkcSrpY’  15  W.  20th  St., 

Richardson -A  lien  Corp.. 

Mew  York  U.  N.  Y-2  N,nth  st.,  Oak- 

corerent  Co.,  E.  ^ • • 

d'*CCof"  9th  & Kearney  Sts..  N.  E.. 

Sher^BK!S§n^  °i«t  pushing  Ave.. 

TaybsT"  New  York  fi.  N.  Y-  & Eagle 

St„  San 

TeChFran dsco,  Calif.  Park,  Mlnne- 

Telex  Products  Co.,  Telex 

apolis,  Minn.  . c Inc.,  345 

Tran^ktq,UrwenY0^BNCY: 


nee  Indicators 

frequency  recorders 

Audio  Tone  Oscillator  Co.,  237  John  St., 

Barker  ~Sia3^n?n2"35  Fairfield  Ave.. 

Conner/,  Toy:  flkhart,  Ind  N Y 

General  Electric  Co.,  Scheoectady  f.  KJ. 
Hathaway  Instrument  Co.j  1315  S. 

Leeds°&  MuT£o“'49t«’0Stenton  Ave.. 

SouhPdhA"tL\co.P2a33  Broadway.  New 

WesYnghou'seNElectrte  Corp.,  East  Pitts- 

WhitbeURehsearch.  899  Boylston  St,  Boston. 
Mass. 

noise  recorders 

Brush  Development  Co  3405  Perkins 
Ch.C^o"SoCu1nedV«e^cr°2124  S.  M.ch- 
ElectronlcASupplybCo.fO207  Maln  St..  Wor- 

Ave.,  Cambridge  39  Mass  ie 

Massa  Laboratories,  Inc.,  3868  carneg 

Mne^eebr|de^rc\°lne..  812  Broadway. 

Pres Record! bg  Corp. . 242  West  55th  St.. 
WesUnghcmse^ElectHc  Corp..  East  Pitts- 
burgh,  Pa. 

pH  RECORDERS 

see  pH  Meters 

SOUND  RECORDERS  and  CUTTING  HEADS 

Allied  Recording  Products  Co..  21-09  43rd 

A^eSt!IJ0  2‘th  Sl';L°nK 

AnnisSCoo  R V im-N.  Delaware  St., 

York. 

Audio"  D, ne  Oscillator  Co.,  237  John  St., 
Auto^e£dl3'S“3355  N.  Hamilton 
Ave.,  Chicago,  ^11-  3 Egsex 

Bell  Sound  sYsJem8Xvsirx 
BelmAokt’R||o3>%i;  6921  W.  Dickens 
BoetschC''B?others  ' 221  E.  144th  St.,  New 
York  51.  N.  x.  3405  Perkins 

?0h'?N.  Penn  St. 
York,  Fa*  civstems  Co.,  2124  S. 

DlctaP^onearCer^*'^®*C^^**d^on  Ave"’ 
Duotonrco0  ^99"  Broadway.  New  York. 

109  N' 
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Engineering  Laboratories,  Inc.,  602  East 
Fourth  St,  Tulsa  3,  Okla.  V 

Bspey  Mfg.  Co.,  Inc.,  33  West  46th  St, 
New  York  19,  N.  Y. 

Fairchild  Camera  & Instrument  Corp., 
476  Tenth  Ave.,  New  York,  N.  Y. 
Federal  Instrument  Co.,  3981-47th  Ave., 
Long  Island  City  4,  N.  Y. 

Federal  Recorder  Co.,  Elkhart,  Ind. 

Galvin  Mfg.  Corp.,  4546  W.  Augusta  Blvd., 
Chicago  51,  111. 

Garod  Radio  Corp..  70  Washington  St, 
Brooklyn,  N.  Y. 

Gates  Radio  Co.,  220  Hampshire  St, 
Quincy,  111. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 
General  Industries  Co.,  Taylor  & Olive 
Sts.,  Elyria,  Ohio 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nebr. 

Gray  Mfg.  Co.,  16-30  Arbor  St,  Hartford, 
Conn. 

Hart  & Co.,  Inc.,  Frederick,  Recordgraph 
Div.,  360  Madison  Ave.,  New  York  17, 
N. 

Howard  Radio  Co.,  1735  Belmont  Ave., 
Chicago  13,  111. 

Jefferson-Travis  Radio  Mfg.  Corp.,  245 
East  23rd  St.,  New  York  10,  N.  Y. 
Lear.  Inc.,  Piqua,  Ohio 
Lewyt  Corp.,  60  Broadway,  Bklyn,  N.  Y. 
Megard  Corp.,  1601  S.  Burlington  St.,  Los 
Angeles  6,  Calif. 

Meissner  Mfg.  Div.  Maguire  Industries, 
Inc.,  Mt  Carmel,  111. 

Memovgx  Incorporated,  9242  Beverly 
Blvd.,  Beverly  Hills,  Calif. 

Miles  Reproducer  Co.,  Inc.,  812  Broadway, 
New  York,  N.  Y. 

Mirror  Record  Corn.,  58  West  25th  St, 
New  York,  N.  Y. 

Montgomery  Bros.,  61  Fremont  St,  San 
Francisoo  5,  Calif. 

Music  Master  Mfg.  Co.,  542  S.  Dearborn 
St,  Chicago  5,  111. 

Pacific  Sound  Equipment  Co.,  1534 
Cahuenga  Blvd.,  Hollywood,  Calif. 
Presto  Recording  Corp.,  242  W.  55th  St., 
New  York,  N.  Y. 

Proctor  Co.,  Inc.,  B.  A.,  2 W.  45th  St, 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J.  ^ 

Radlotechnlc  Laboratory,  1328  Sherman 
Ave.,  Evanston,  111. 

Radiotone  Div.,  Robinson  Houchin  Opti- 
cal Co.,  Columbus,  Ohio 
Record-O-Vox.  Inc.,  721  N.  Martel  Ave., 
Hollywood  46,  Calif. 

RGhtr?ni?l°rP''  4313  Lincoln  Ave.,  Chicago 

Rek‘YoScUt13C°N  Y3  Lafayette  St*  New 
Rieber,  Ina.’Franki  11916  W.  Pico  Blvd 
Los  Angeles  34,  Calif. 

Robinson  Recording  Laboratories,  36  S. 

_ „NI^h  st-.  Philadelphia,  Pa. 

Scully  Machine  Co.,  62  Walter  St.,  Bridge- 
port, Conn. 

Swcfgo?*/  P"  1510  R Dayt0n  St" 

Shure  Brothers,'  226  W.  Huron  St.,  Chi- 
cttgo,  111. 

Simpson  Mfg.  Co.,  Inc.,  Mark,  188  West 
nrwi *J?.urth  St,  New  York,  N.  Y. 

803  SfPP’y  Co.,  419  West  42nd 

St,  New  York  18,  N.  Y. 

Sonora  Radio  & Television  Corp.,  325  N 
- 5°^"®  Ave-  Chicago  12.  111. 

^ YorkT^  Y00'’  233  Broadwa>-  New 
^"Hfve'^lI^C^n'n82  Audubon  St"  New 

6 §kt\n^ 

Ta&Rn<EDCWcCSo?0ii,4447  W-  IrV,nS 

Universal  Microphone  Co.,  424  Warren 
Lane,  Inglewood.  Calif. 

Webeter  Electric  Co..  1900  Clark  St, 
Racine,  Wise. 

Abater  Chicago  Corp.,  Electronics  Div 
t-  ,3825  Armitage  Ave.,  Chicago  47,  111.’ 
Western  Sound  & Electric  Laboratories, 
Wise  ^ ^au*  ^ve-'  Milwaukee, 
Wilcox  Gay  Corp.,  Charlotte,  Mich. 

STEEL  TAPE  AND  WIRE  RECORDERS 

Ansley  Radio  Corp.,  21-10  49th  Ave.,  Long 
Island  City,  N.  Y. 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St.  Chicago,  I1L 


Brush  Development  Co.,  3406  Perkins  Ave., 
Cleveland  14,  Ohio 

California  Telephone  & Electric  Co.,  6076 
W.  Pico  Blvd.,  Los  Angeles,  Calif. 

Colonial  Radio  Corp.,  254  Rano  St,  Buf- 
falo, N.  Y. 

Conn.  Ltd.,  C.  G.,  Elkhart,  Ind. 

Echophone  Radio,  Div.  of  Halllcrafters 
Co.,  2611  S.  Indiana  Ave.,  Chicago 
16,  111. 

Farnsworth  Television  & Radio  Corp.,  3700 
Pontiac  St,  Ft  Wayne,  Ind. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

Halllcrafters  Co.,  2611  Indiana  Ave.,  Chi- 
cago 16,  111. 

Hoffman  Radio  Corp..  3430  S.  Hill  St, 
Los  Angeles,  Calif. 

International  Detrola  Corp.,  Beard  at 
Chatfield,  Detroit,  Mich. 

Lear,  Inc.,  Piqua,  Ohio 

Lewyt  Corp.,  60  Broadway,  Brooklyn  11, 
N.  Y. 

Magnograph  Corp.,  6800  W.  Third  St, 
Los  Angeles,  Calif. 

Magnavox  Co.,  2131  Bueter  Rd.,  Ft 
Wayne,  Ind. 

Mechanitron  Corp.,  711  Boylston  St,  Bos- 
ton 16,  Mass. 

Meek  Industries,  John,  Liberty’  at  Penn- 
sylvania, Plymouth,  Ind. 

Meissner  Mrg.  Div.,  Maguire  Industries. 
Inc.,  Mt  Carmel,  111. 

Packard-Bell  Co.,  3443  Welshire  Blvd., 
Los  Angeles  5,  Calif. 

Precision  Specialties,  210-26  North  West- 
ern Ave.,  Los  Angeles,  Calif. 

Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J. 

Radlotechnlc  Laboratory,  1328  Sherman 
Ave.,  Evanston,  111. 

Raytheon  Mfg.  Co.,  Newton,  Mass. 

Scott  Radio  Laboratories,  Inc.,  E.  H., 
4450  N.  Ravenswood  Ave.,  Chicago  40, 
111. 

Seeburg  Corp.,  J.  P.,  1600  N.  Dayton  Ave., 
Chicago  22,  111. 

Signal  Electronics,  Inc.,  114  East  16th 
St.,  New  York  3,  N.  Y. 

Sonora  Radio  & Television  Corp.,  325  N. 
Hoyne  Ave.,  Chicago  12.  111. 

Sparks  Withington  Co.,  Jackson,  Mich. 

Rtrombere-Carlson  Co..  Rochester,  N.  Y. 

Utah  Radio  Products  Corp.,  820  Orleans 
St..  Chicago,  Til. 

Vlectrical  Engineering  Co.,  828  N.  High- 
land Ave.,  Los  Angeles  38.  Calif. 

Western  Electric  Co.,  195  Broadway’,  New 
York.  N.  Y. 

WiRecorder  Corp..  Detroit,  Mich. 

Wire  Recorder  Development  Corp.  (Ar- 
mour Research  Foundation),  8 S. 
Michigan  Ave.,  Chicago  3,  III. 

TIME  AND  MOTION  RECORDERS 

Gorrell  & Gorrell,  40  Littlefield  Road, 
Newton  Center.  Mass. 

Marato  Instrument  Co.,  1637A  Beacon  St, 
Waban,  Mass. 

Recording  Blanks 

see  Discs 

Records 


WOR  Feature  Records,  1440  Broadway, 

New  York,  N.  Y. 

World  Broadcasting  System,  711  Fifth 
Ave.,  New  York  22,  N.  Y. 

Rectifiers ; 


PHONOGRAPH  RECORDS 

Audio  Tone  Oscillator  Co.,  237  John  St, 
Bridgeport  3,  Conn. 

Carillltone  Corp.,  30  N.  Penn  St.,  York, 
Pa. 

Chicago  Sound  Systems  Co.,  2124  S.  Mich- 
igan  Ave.,  Chicago,  111. 

Columbia  Recording  Corp.,  1473  Bamum 
Ave.,  Bridgeport,  Conn. 

Decca  Records.  Inc.,  50  Wrest  57th  St. 
New  York  19,  N.  Y. 

Majestic  Records.  Inc.,  St  Charles,  111. 

Poinsetta,  Inc.,  95  Cedar  Ave.,  Pitman, 
N . J . 

Radio  Corp.  of  America,  RCA  Victor  Div 
Camden,  N.  J. 

Rlgg*  & Jeffreys,  Inc.,  73  Winthrop  St, 
Newark  4,  N.  J. 

Robinson  Recording  Laboratories,  35  S. 
Ninth  St.,  Philadelphia,  Pa. 

S°naNewRVT2  frfe  West  42nd 

Sonora  Radio  & Television  Corp..  325  N 

Q.  Hoyne  Ave.,  Chicago  12,  111 

Stark  Sound  Engrg.  Corp.,  P.  O.  493. 

_ „ Fort  Wayne  1,  Ind. 

TaUcing  Devices  Co  4447  W.  Irving  Park 
Kd.,  Chicago,  111. 


see  also  Tubes 

DRY  DISC  RECTIFIERS 

American  Battery  Co.,  17  S.  Jefferson  St, 
Chicago,  111. 

American  Television  & Radio  Co.,  300  E. 

Fourth  St,  St  Paul  1,  Minn. 
American  Transformer  Co.,  178  Emmet 
St,  Newark,  N.  J. 

Ben  wood  Linze  Co.,  1815  Locust  SL,  St 
Louis  3,  Mo. 

Bradley  Labs.,  Inc.,  82  Meadow  St,  New 
Haven  10,  Conn. 

Conant  Electrical  Labs,  6500  0 Street 
Lincoln,  Nebr. 

DeJur-Amsco  Corp.,  Northern  Blvd.  at 
45th  St,  Long  Island  City  1.  N.  Y. 
Electrical  Facilities,  Inc.,  4224  Holden 
St,  Oakland  8,  Calif. 

Electricoil  Transformer  Co.,  421  Canal 
St,  New.  York  13.  N.  Y. 

Electro  Engineering  & Mfg.  Co.,  627  W. 

Alexandrine  Ave.,  Detroit  1,  Mich. 
Electro  Products  Laboratories,  549  TV.  ; 

Randolph  St,  Chicago,  111.  » 

Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Calif.  > 

Fansteel  Metallurgical  Corp.,  2200  Sheri- 
dan Rd.,  North  Chicago,  111. 

Federal  Telephone  and  Radio  Corp.,  591 
Broad  St,  Newark,  N.  J. 

General  Electric  Co.,  Bridgeport,  Conn. 
Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Nebr. 

Green  Electric  Co.,  Inc.,  W.,  130  Cedar 
St.,  New  York  6,  N.  Y. 

Mallory  & Co.,  Inc.,  P.  R,  3029  E.  Wash- 
ington St,  Indianapolis  6,  Ind. 
MeColpin-Christie  Corp.,  Ltd.,  4922  S. 

Figueroa  St,  Los  Angeles  37,  Calif. 
Mclnerney  Plastics  Co.,  655  Godfrey  Ave. 

S.  W..  Grand  Rapids,  Mich. 

Radio  Receptor  Co.,  Inc.,  251  West  llth 
St.,  New  York,  N.  Y. 

Schauer  Machine  Co.,  2060  Reading  Rd, 
Cincinnati  2,  Ohio  , 

Selenium  Corp.  of  America,  1719  W.  Pico 
Blvd.,  Los  Angeles  15,  Calif. 

Union  Switch  & Signal  Co.,  SwIssvale.  Pt. 
Westlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa.  „ ... 

Weston  Electrical  Instrument  Cor U, 

Freylinghuysen  Ave.,  Newark  5,  N.  J. 
York  Wire  & Cable  Div.,  General  Electric 
Co..  Bridgeport  Conn. 

TUBE  RECTIFIERS 

Allis  Chalmers  Mfgr.  Co..  Milwaukee  1. 

Wise.  _ 

American  Battery’  Co.,  17  S.  Jefferson  St., 
Chicago,  III. 

American  Transformer  Co.,  178  Emmei 
St,  Newark,  N.  J.  _ Tr  „ 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St,  Chicago  7,  111.  . a 

Baldor  Electric  Co.,  4363  Duncan  Aw, 
St  Louis,  Mo.  ..  _ 

Bunnell  & Co.,  J.  H.,  215  Fulton  St,  New 
York,  N.  Y.  . „ 

Communications  Co.,  Inc.,  300  Greco  Ave., 
Coral  Gables  34,  Fla.  . 

Continental  Electric  Co.,  903  Merchandise 
Mart,  Chicago  54,  111.  1If 

Eitel-McCullough,  Inc.,  San  Bruno,  CaUt 
Electric  Heat  Control  Co.,  9123  Inman 
Ave.,  Cleveland  5,  Ohio  . 

Electricoil  Transformer  Co.,  421  tanai 
St.,  New  York  13,  N.  Y.  w 

Electro  Products  Laboratories,  549 
Randolph  St,  Chicago,  IlL 
Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Cant 
Electronic  Products  Co.,  Ill  E.  Third  »t, 
Mt  Vernon,  N.  Y.  x. 

Electrons,  Inc.,  127  Sussex  Ave.,  Newark, 

Eureka  X-Ray  Tube  Corp.,  3260  N.  KU- 
patrick  Ave.,  Chicago,  IlL 
Federal  Telephone  and  Radio  Corp.,  » 
Broad  St.,  Newark,  N.  J. 

France  Mfg.  Co.,  10326  Berea  Rd.,  Cleve- 
land, Ohio  „ _ 

General  Electric  Co.,  Bridgeport  Conit 
General  Electronics,  Inc.,  101  Hazel 

Paterson,  N.  J.  

Green  Electric  Co.,  Inc.,  W.,  130  Cedar  U 
New  York  6,  N.  Y. 
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j ELECTRONIC  and  ALLIED  PRODUCTS- 


Hrtron  Radio  ft  Electronics  Corp..  78 

\t*£S8SsZ  BWd- 

Redwood  City,  Calif.  4922  8 

I u^!&ne?oarlst  ujTWtai’  M.  Cgf 

| MasterWectrlc  do.,  128  Davie  Ave..  Day- 

i MellB^h’one^Corp.,  »>ohMter  2, 

National  Union  Radio  Corp.,  15  Wasning 

! Plerto^nT^'Co-.JBenton  Har- 

! Radii? Com^of  America,  RCA  Victor  Dlv., 

i Ray,»fgN  C0.,  Foundry  Ave..  Wal- 

I SelenluT  CoX  of  America ,1800  Went 

S0S«asu^««15^U  42nd 

SpeniUI?r  Norwood'  siktFon,  Cincinnati 

Sylvania°Electrlc  Products,  Inc.,  500  Fifth 

• Ta.vio;eTu^In2rk238l'2  WaYbansla  Ave., 

TraiSnfuer  Equipment  Mfg.  Co.,  Inc.,  345 
Hudson  St.,  New  York  14,  N.  J. 

Universal  X-Ray  Producta  lnc  lSOO 
North  Francisco  Ave.,  Chicago  *«. 

Weltronlc  Co..  3080  E.  Outer  Drive,  De- 

\Vestirngholuse1ElMtrlc  Corp-  East  Pltts- 

Worner^kectronlc  Devices,  609  West 
Lake  St.,  Chicago  6,  111.  _wtr,.. 

York  Wire  & Cable  Dlv.,  General  Electric 
Co.,  Bridgeport,  Conn. 


Regulators. 


see  also  Transformer* 
also  Tubes 

VOLTAGE  REGULATORS 
and  STABILIZERS 


Acme  Electric  & Mfg.  Co-  31  Water  St., 

AlUsCCTalmerY'  Mfg.  Co.,  Milwaukee  1. 

American  Transformer  Co-  118  Emmet 
St.,  Newark,  N.  J.  __  _ -„._v 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Avia  Products  Co.,  7266  Beverly  Blvd., 

Los  Angeles  36,  Cal.  (Bases) 

Barker  & Williamson,  235  Fairtteld  Ave., 
Upper  Darby.  Pa. 

Bogue  Electric  Co.,  Paterson,  N.J.  . 

Burlington  Instrument  Corp.,  214  Nortn 
4th  St.,  Burlington,  Iowa.  qt 

Clarostat  Mfg.  Co.,  Inc.,  130  Clinton  St., 
Brooklyn  1,  N.  Y.  „ 

Commercial  Research  Labs.  Inc.,  20  isart- 
lett  Ave.,  Detroit  3,  Mich. 

Control  Corp.,  600  Stinson  Blvd.,  Min 
neapolis,  Minn.  _ 

Eclipse-Pioneer  Div.,  Bendix  Aviation 
Corp.,  Teterboro,  New  Jersey 
Electric  Auto-Lite  Co..  Toledo,  Ohio 
Electric  Sorting  Machine  Co.,  410  Dennis 
Road,  S.W.,  Grand  Rapids,  Mich. 
Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Callr.  t 

Electronic  Engineering  Co.,  3223  West 
Armitage  Ave.,  Chicago,  111.  t 

Electronic  Measurements  Co.,  Red  Bana, 
N.  J. 

Electronic  Products  Co.,  19  North  First 
St,  Geneva,  111.  ,, 

Ferranti  Electric,  30  Rockefeller  Plaza, 
New  York  20,  N.  Y.  v 

General  Electric  Co.,  Schenectady  5.  N.J. 
General  Electronics,  Inc.,  101  Hazel  bt, 

. Paterson,  N.  J.  D 

Halldorson  Company,  The,  4500  Ravens- 
, wood  Ave.,  Chicago  28,  111. 

Hytron  Radio  & Electronics  Corp.,  7o 
Lafayette  St,  Salem,  Mass. 
International  Transformer  Co.,  396  Broaa- 
way.  New  York,  N.  Y. 

Knickerbocker  Development  Corp.,  no 
r Little  St,  Belleville  9.  N.  J. 
Leece-Neville  Co.,  5363  Hamilton  Ave. 

N.E.,  Cleveland  14,  Ohio 
Leland  Electric  Co.,  1501  Webster  St, 
„ Dayton,  Ohio  _ __  . . _ 

National  Union  Radio  Corp.,  15  Washing- 
ton St,  Newark  2,  N.  J. 


PhU&Tgu  * 

Radio  Corp.  of  America,  RCAvictor  Dlv- 
Radlo5”dcinm»i,  3758  Belmont  Ave- 
RayS^M1?*.11  CO-  Foundry  Ave- 
Rloh^d^mAUen^Corp^  15  W.  20th  St, 
8olaNET«Sc  Ca  2525  Clyboum  Ave- 
8orenahenTco  .'  375  Fairfield  Ave-  Stam- 
S08f0Cmeman|upplyCo  449  We.t  42nd 

Stockwell  rane former  Corp-  569  a Main 
Sund?En£g°Co0.  4767  Ravenswood  Aw., 
Super  lor  ^Electric  Co-  83  Laurel  St. 
Sylv^f0lEpe°c?H=wP^ucta  Inc  500 

Technical  APPaf  "a  ^ i*l  Tremont 

Techno-s  'lcntlc  Co  901  Nepperhan  Ave., 

Transmitter3  Eqiriptnent  Mfg.  Co.  Inc-  345 
Hudson  St.,  New  Jork.N^  YMagulre 

^ndSStrtee  Inc?.  500*' W.  Huron  St.. 
UnlS'SKcoy,  150  Varlck  St., 
Ward1  Leonard  Electric  Co..  31  South  St., 

_ Mount  Vernon,  N.  Wallgh  Equipment 

WaUCo.  420  i:exington  Ave.,  New  York  17, 

Webster^  Chicago  Con.  JT' 

3825  Armitage  Ave- Chicago  pltta_ 

Westlnghouse  Electric  Corp-  aa 
WlrtbCoB-'522ai  Greene  St,  Philadelphia, 
YorkWlre  & cable  Dlv.,  General  Electric 
Co..  Bridgeport,  Walton  St., 

Zenith  Electric  Co., 

Chicago,  111- 


Eclipse-Pioneer  Dlv.,  Bendix  Aviation 
Gene^-bM^'ioi  Allen  Ava, 

8t’ 

SSSSS,  U. 

I^ach'^^Co.1^^  Avalon  Blvd-  Do. 

^ec®lV#Shl'3  HamlKOn  AVe- 

Cleveland  14,  Onio  2758 

Monitor  Controller  Co.,  51  8.  Gay 
Baltimore  2,  Md. 

Price  Brothers  Co.,  Frederick,  Ma. 

PhilCdaySga  St^Phffiefphia  Pa. 

R.  B.  M.  Mfg.  Co-  Dlv.  of  Essex  wire 

SlBn£°r&ABKTft;Mf.  Co-  164  W. 

Squart^D  CO.,N6060  RWa/st,'  Detroit  11, 

Struthers'-Dunn,  Inc.,  1321  Arch  St,  Phila- 

Tork  C&k  Co.Pl  Grove  St,  Mt  Vernon. 

Ward  Leonard  Electric  Co-  31  South  St, 

WesKmuBe'EStric  Corp-  East  Pltta- 

WestboU„relle^rlcal  Instrument  Corp.  6 H 

Zen.fh-S^orfe  WWaWalton  St, 
Chicago,  HI- 


Relays. 


Browning  Labe-  me-  mu  — 

CookhEllcrtr”  Cm.  2700  Southport  Ave., 
Federal  instrument  Co-  3^17-47*  Ave.. 

LonSa,1SlS??  Co' tySchenectartv  5.  N.  Y. 
General  Electric  Cm,  pat  Corp.,  116 

K"1S|te:B^vi,.e9NDLrbornSt., 
Lumen lte  Electric  Co-  4U 

MegS’CcS?p.;"e»IufS.  Burlington  St,  Los 

PrlcABKrothera  Cm  Fred^k,  V^r  DlT„ 

Radio  Corp.  of  America,  nv 

Camden,  N.  L 5 West  20th  St, 

Richardson- Allen  torp.. 

New  York  n3'75>> Jirfleld  Ave.,  Stam- 
Sorenson  & Co., 
ford,  Conn. 

HEAVY  duty  belays 

Adams  ft  Westlake  Co-  Michigan  St- 
Elkhart,  Ind.  Relay  Co..  1260  W. 

^ne?"^<3lijElectrlcC..,103 

Arrow-Hart  & H ^ xjnrtford  6,  Conn. 

rsr*u*v  ssrt~ 

ohl°,  „,,tr  Co  1033  West  Van 
Automatic  f'^Mcag  7^0  state  st- 

AUt0Mankam,eMlnn^  t llth  St- 

Automatic  switch  Co-  41  n. 
Coo^ETecmfc  Co.N-2700  Southport  Ave., 
C°  Chicago.  111.  15  N.  !2th  Street, 

CUt'eMimaaukeer’l,  Wise. 


mercury  relays 

Adams  ft  Westlake,  Michigan  St,  Elkhart, 
American  Instrument  Co - 8030  Georgia 
Autocall'  armr^c’ke^Ave-  Shelby, 
Automatic  Electric  Co  1033  W.  Van 

ClarePhilaCo!PCla'rPai7IS  Sunnys.de  Ave., 

Dura?ooTTnc8!'wlO  N.  Main  St,  Elkhart 
Ind.  

hive....- 

H-B  Electric  Co.,  6109  -v.  un 
HartdelSfga  Co-  HO  Bartholomew  Ave., 
M^d^N^Belmont  Ave-  Chi- 
cago 41,  111-  - *■’  *- 


CAPACITY  OPERATED  RELAYS 

AraVStMlxiul9  3 Mo  Inc-  422  Gener^' Electric  Co^SchOTectad^  S.^^Y. 

AU,hEa^'^?^t^N^7orMkJ2.  N.  Y.  [n_  Guardian.^ctrlc^Mfg.^Co , _ 

Browning  Labs.,  me., 


me*  ”,  . _ 

PhllShla  g Yhennometer^  Co- ^6th 
Precision  Thernmmeter  & 1^1^001^0- 
Sper?l°'lnA.  Norwood  Station,  Cincinnati, 

-ssssiw 

delphla  7,  Pa. 

PHOTOELECTRIC  RELAYS 

AaV^eM>i^^ty^LosbA^e|e^^alU^  Ave- 
CSSSek-^0  Georgia 
AudriinSe'1VOscmatorgCo.,  237  John  St, 

Bridgeport  3,  Conn  xnc.,  422 

Auth  E'ef,r‘Sast.SPNew  York  22,  N.  Y. 

East  53rd  St.  Ne  1033  w.  Van 

Automatic  Electric  nl 

Buren  SU  Chicago  .Sunnyslde  Ave- 
Clare  & Co.,  L..  f"-’  * 

Chicago  30,  in-  w Chelton  Ave., 

Eby'pIhnifa’delphlao13fcPm  | i573  R Foreat 

Electron!^  Jo  „!<*•  g Edlnburgh 

First  St. 

Geneva,  111. 
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Federal  Instrument  Co.,  3917-47th  Ave., 
Lon^  Island  City,  N.  Y. 

Fisher-Plerce  Co.,  80  Ceylon  St.,  Boston, 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

Goodall  Electric  Mfg.  Co.,  820  N.  Spruce 
St,  Ogallala,  Neb. 

Hatton  Co.,  Arthur  T.,  410  Asylum  St, 
Hartford,  Conn. 

Leach  Relay  Co.,  6915  Avalon  Blvd.,  Los 
Angeles,  Cal 

Lumenlte  Electric  Co.,  407  S.  Dearborn 
St.,  Chicago,  111. 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Miles  Reproducer  Co.,  Inc.,  812  Broadway, 
New  York,  N.  Y. 

Parker  Engineering  Pdts.  Co.,  16  W.  22nd 
St,  New  York  10,  N.  Y. 

Photoswitch,  Inc.,  77  Broadway,  Cam- 
bridge 42,  Mass. 

Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J. 

Rehtron  Corp.,  4313  Lincoln  Ave.,  Chicago 
18,  111. 

Springfield  Sound  Co.,  Electronics  Dlv., 
12  Cass  St,  Springfield,  Mass. 

Standard  Electrical  Products  Co.,  400  Lin- 
den Ave.,  Dayton  3,  Ohio. 

Technical  Products  Co.,  158  Madison  Ave., 
at  Third  St,  Memphis,  Tenn. 

United  Cinephone  Corp.,  65  New  Litchfield 
St.,  Torrlngton,  Conn. 

Ward  Leonard  Electric  Co.,  31  South  St., 
Mt  Vernon,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh. Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Frellnghuysen  Ave.,  Newark  5,  N.  J. 

White  Research,  899  Boylston  St,  Boston, 
Mass. 

Worner  Electronic  Devices,  609  West  Lake 
St,  Chicago  6,  111. 

PHOTOTUBE  RELAY8 

Advance  Electric  and  Relay  Co.,  1260  W. 
Second  St.,  Los  Angeles,  Calif. 

Aerolux  Light  Corp.,  653  11th  Ave.,  New 


iurs  19,  is.  I. 

Allied  Control  Co.,  Inc.,  2 East  End 
Avenue,  New  York  21,  N.  Y. 

Audio  Tone  Oscillator  Co.,  237  John  St, 
Bridgeport  3,  Conn. 

Auth  Electrical  Specialty  Co.,  Inc.,  422  E. 

53rd  St,  New  York  22.  N.  Y. 
Automatic  Electric  Co.,  1033  West  Van 
_ Buren  St..  Chicago  7,  111. 

Brown  Instrument  Co.,  4428  Wayne  Ave., 
Philadelphia  44,  Pa. 

Electronic  Control  Corp.,  1573  E.  Forest 
St,  Detroit,  Mich. 

Electronic  Products  Co.,  19  N.  First  St, 
Geneva,  111. 

Federal  Instrument  Co.,  3917-47th  Ave., 
Ix>ng  Island  City.  N.  Y. 

Flsher-Pierce  Co.,  80  Ceylon  St..  Boston, 
Mass. 

General  Electric  Co.,  Schenectadv  5,  N.  Y 
Hatton  Co.,  Arthur  T.,  410  Asylum  St.. 
Hartford,  Conn. 

Leach  Relay  Co.,  5915  Avalon  Blvd.,  Los 
Angeles,  Cal. 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Miles  Reproducer  Co.,  Inc.,  812  Broadway, 
New  York,  N.  Y. 

Parker  Engineering  Pdts.  Co.,  16  W.  22nd 
St.,  New  York  10,  N.  Y. 

Photoswitch,  !nc..  77  Broadway,  Cam- 
bridge  42,  Mass. 

Potter  & Brumfield  Mfg.  Co.,  Inc..  617-621 
n^ftG  bsoP.St-  Princeton,  Indiana 
Radio  Corp.  of  America,  RCA  Victor  Div., 
tamden,  N.  J. 

United  Cinephone  Corp..  65  New  Litchfield 
St.,  Torrlngton,  Conn. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp,  614 
_r.  . Prcl inghuysen  Ave.,  Newark  5,  N.  J. 
White  Research,  899  Boylston  St.,  Boston 
Mass. 

■Worner  Electronic  Devices.  609  West  Lake 
St,  Chicago  6,  111. 

POLARIZED  RELAYS 

Allied  Control  Co.,  Inc.,  2 East  End  Ave. 

New  York  21,  N.  Y. 

Auth  Electrcal  Specialty  Co.,  Inc.,  422 
East  63  St.,  New  York  22,  N.  Y. 
Autocall  Co.,  1142  Tucker  Ave.,  Shelby, 
Ohio 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St,  Chicago  7,  111. 


Barber-Colman  Co.,  Rockford,  UL 
Bunnell  & Co.,  J.  H.,  215  Fulton  St,  New 
York,  N.  Y. 

Eastern  Air  Devices,  Inc.,  585  Dean  St, 
Brooklyn  17,  N.  Y. 

General  Electric  Co..  Schenectady  6,  N.  Y. 
Kellogg  Switchboard  & Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 
Leece-Neville  Co.,  5363  Hamilton  Ave., 
Cleveland  14,  Ohio 

Precision  Thermometer  & Instrument  Co., 
1434  Brandywine  St,  Philadelphia  30, 
Pa. 

Price  Brothers  Co.,  Frederick,  Md. 

Signal  Engrg.  & Mfg.  Co.,  154  W.  14th  St, 
New  York.  N.  Y. 

Struthers-Dunn,  Inc.,  1321  Arch  St.,  Phila- 
delphia 7,  Pa. 

Union  Switch  & Signal  Co.,  Swlssvale,  Pa. 
Ward  Leonard  Electric  Co.,  31  South  St, 
Mt  Vernon,  N.  Y. 

Westinghouse  Electrc  Corp.,  East  Pitts- 
burgh, Pa. 

SENSITIVE  CONTROL  RELAYS 

Advance  Electric  and  Relay  Co.,  1260  W. 

Second  St,  Los  Angeles,  Cal. 
Allen-llradley  Co.,  136  W.  Greenfield  Ave., 
Milwaukee  2,  Wise. 

Allied  Control  Co.,  Inc.,  2 East  End  Ave., 
New  York  21,  N.  Y. 

American  Instrument  Co.,  Silver  Springs, 
Md. 

Aray  Mfg.  & Supply  Co.,  3107  Pine  St, 
St.  Louis  3,  Mo. 

Arrow-Hart  & Hageman  Elec.  Co.,  Hart- 
ford, Conn. 

Auth  Electrical  Specialty  Co.,  Inc.,  422  E. 

53rd  St.,  New  York  22,  N.  Y. 

Autocall  Co.,  1142  Tucker  Ave.,  Shelby, 
Ohio 

Automatic  Electric  Co.,  1038  W.  Van 
Buren  St,  Chicago  7,  111. 

Automatic  Electric  Mfg.  Cd.,  101  State  St, 
Mankato,  Minn. 

Automatic  Temperature  Co.,  34  E.  Logan 
St,  Philadelphia  44.  Pti. 

Bank's  Mfg.  Co.,  1105  W.  Lawrence  Ave., 
Chicago  40,  111. 

Barber-Colman  Co.,  Rockford,  III. 
Birtcher  Corp.,  5087  Huntington  Drive, 
Los  Angeles  32,  Cal. 

Bunnell  & Co.,  J.  H.,  215  Fulton  St, 
New  York,  N.  Y. 

Burlington  Instrument  Corp.,  214  North 
4th  St.  Burlington,  Iowa 
C ar£.$  ^°"  & 4719  Sunnyside  Ave., 

Chicago  30.  111. 

Connecticut  Telephone  & Electric  Dlv.  of 
Great  American  Industries,  Inc.,  70 
Brlttania  St.  Meriden,  Conn. 

Control  Coro  600  Stinson  Blvd.,  Minne- 
apolis, Minn. 

Cook  Electric  Co.,  2700  Southport  Ave., 
Chicago,  III.  ’ 

Cutler-Hemmer,  tec  S16  N.  12th  Street, 
Milwaukee  1,  Wise. 

5?X!.s  * P°”  1"c-  Rean  w„  Kentland.  Ind. 
Dayton  Acme  Co.,  930  York  St.,  Cncinnatl, 

Ohio 

D1Stwa.,1Rocrhe^ertSNInY'  766  R'd8e  Rd- 

Ea8,Bro o£LD:7‘T  y"C"  586  Dean 

Eclipse-Pioneer  Dlv.,  Bondlx  Aviation 
Corp.,  Teterboro,  N.  J 
Electric  Auto-Ute  Co.,  Toledo  J,  Ohio 
Electrical  Products  Supply  Co.,  1140  Ven- 

.. ,lce  Blvd.,  Los  Angeles  15,  Calif. 

Engineering  Laboratories,  Inc.,  602  East 
Fourth  St,  Tulsa  3,  Okla. 

Fede^jr^7c^°s  T7-i7th  Are 
MA^.b"chKS'l,fnC'  8313  N-  Kn°* 
0enG?inditr‘,trc°ii1fCO-  801  A,le" 

Generai  Electric  Co.,  Schenectady  6,  N Y 
; iJdnkTon^%r'.CC,‘h,fcKa^07  'A00  Wash: 
N°rth  21«  «" 

Er  HaMrt?ordC°i;  Con°n  Bartho">™w  Ave., 
ayd-?Hc.MC0nnnaCtUrlnK  °°”  Inc-  Fm-eat- 

HoUsr6Baobs°,ton®ii?:aiIs»lslon’ 400  stuart 

i"KSs!andioseIl82'  Cai  1088  E'  W1,,lam 
Kellosc  Switchboard  St  Supply  Co  cctc 
S.  Cicero  Ave.,  Chicago  in’  6650 
Knickerbocker  Development  Corp.,  UJ 
Little  St.,  Belleville  9,  N J 

TsISnf  CittyC]C°N.3|-‘.18  37th  St-  W 


Leach  Relay  Company,  5915  Avalon  Blvd 
Los  Angeies,  Calif. 

Lewis  Electronics,  Inc.,  Los  Gatos,  Calif. 
Lewis  Engineering  Co.,  62  Rubber  Avt, 
Naugatuck,  Conn. 

Lumenlte  Electric  Co.,  407  S.  Dearborn 


St,  Chicago,  III 

Magnetic  Devices,  Inc.,  Frederick,  Md. 
Maico  Co..  Inc.,  25  North  3rd  SL,  Min- 
neapolis, Minn. 

Mossman,  Inc.,  Donald  P.,  612  N.  MIchl-  . ■ 
gan  Ave.,  Chicago  31,  IH 
Naxon  Utilities  Corp.,  2101-11  W.  Walnnt 
St,  Chicago  12,  111. 

North  Electric  Mfg.  Co.,  501  S.  Market  \ 
St.,  Gallon,  Ohio 

Oak  Mfg.  Co.,  1260  Clyboum  Ave.,  Chi- 
cago 10,  111. 

Parker  Engrg.  "Products  Co.,  16  West  22nd 
St,  New  York  10,  N.  Y. 

Photoswitch,  Inc.,  77  Broadway,  Cam- 
bridge 42,  Mass. 

Potter  A Brumfield  Mfg.  Co.,  Inc.,  617 
N.  Gibson  St.,  Princeton,  Ind. 
Precision  Thermometer  & Instrument  Ca, 
1434  Brandywine  St,  Philadelphia!*, 
Pa. 

Price  Brothers  Co.,  Frederick,  Md. 

R.B.M.  Mfg.  Co.,  Div.  of  Essex  Wire 
Corp.,  Logansport,  Ind. 

Radionlc  Controls,  Inc.,  3758  Belmont  Ave., 
Chicago  18,  111. 

Remler  Co.  Ltd.,  2101  Bryant  St,  San  - 
Francisco  10,  Calif. 

Sigma  Instruments,  Inc.,  70  Ceylon  St, 
Boston  21,  Mass.  I 

Signal  Engrg.  & Mfg.  Co.,  154  W.  14th 
SL,  New  York,  N.  Y. 

Smith  Mfg.  Co.,  Inc.,  Nathan  R,  105 
Pasadena  Ave.,  South  Pasadena,  CaL 
Sorensen  & Co.,  375  Fairfield  Ave.,  Stam- 
ford, Conn. 

Square  D Co.,  6060  Rivard  St,  Detroit  11. 
Mich. 

Standard  Electrical  Products  Co.,  400 
Linden  Ave.,  Dayton  3,  Ohio 
Struthers-Dunn,  Inc.,  1321  Arch  St, 
Philadelphia  7,  Pa. 

Technical  Products  Co.,  158  Madison  Ave., 
at  Third  St,  Memphis,  Tenn. 
Thordarson  Electric  Mfg.  Div.,  Maguire 
Industries,  Inc.,  500  W.  Huron  St, 
Chicago  10,  111.  „ . . . .. 

United  Cinephone  Coro.,  65  New  Litchfield 
St,  Torrlngton,  Conn. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

Wallace  & Tieman  Products,  Inc.,  Belle- 
ville, N.  J.  „ A 

Ward  Leonard  Electric  Co.,  31  South 
St.,  Mt  Vernon,  N.  Y. 

Warrick,  Chas.  F..  16251  Hamilton  Ave., 
Detroit  3,  Mich.  ^ t 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa.  ^ ... 

Weston  Electrical  Instrument  Corp., , on 
Frellnghuysen  Ave.,  Newark  5,  J- 

STEPPING  RELAYS 

Allied  Control  Co.,  Inc.,  2 East  End  Ave.. 

New  York  21,  N.  Y.  ... 

Autocall  Co.,  1142  Tucker  Ave.,  Shelby, 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St,  Chicago  7,  111. 

Clare  & Co.,  C.  P.,  4719  Sunnyside  Ave., 
Chicago  30,  111.  , _ f 

Connecticut  Telephone  A Electric  Dlv.  or 
Great  American  Industries,  70  Bru- 
tania  St,  Meriden,  Conn. 

Cook  Electric  Co.,  2700  Southport  Ave.. 
Chicago,  111. 

Eagle  Signal  Corp.,  202-20th  SL,  Moline, 

Guardian  Electric  Mfg.  Co.,  1400  Washing- 
ton Blvd.,  Chicago  7,  III.  Uliin. 
Maico  Co.,  Inc.,  25  North  3rd  St.,  Minne- 
apolis, Minn.  , . c. 

North  Electric  Mfg.  Co.,  601  S.  Market  St, 
Gallon,  Ohio  . 

Oak  Mfg.  Co.,  1260  Clyboum  Ave.,  Ctu 
cago  10,  III. 

Price  Brothers  Co.,  Frederick,  Md.  . 
Richardson-Alien  Corp..  15  West  Ziui 
St,  New  York  11,  N.  Y.  h 

Signal  Engrg.  & Mfg.  Co.,  154  West  14 tn 
St,  New  York,  N.  Y.  « 

Struthers-Dunn,  Inc.,  1321  Arch  » ■ 
Philadelphia  7,  Pa.  „ , . PjL 

Union  Switch  A Signal  Co..  Swiss  vale.  {J- 
Wyse  Laboratories,  211  S.  Ludlow  & • 
Dayton  2,  Ohio 

TELEPHONE  RELAYS 

Advance  Electric  and  Relay  Co.,  Wj* 
West  Second  St,  Los  Angeles,  Cam- 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


Allied  Control  Co.,  Inc.,  2 East  End  Ave., 
New  York  10,  N.  Y. 

Auth  Electrical  Specialty  Co.,  Inc.,  422 
East  53rd  St.,  New  York  22,  N.  Y. 
Autocall  Co.,  1142  Tucker  Ave.,  Shelby, 
Ohio 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St,  Chicago  7,  I1L 
Clare  k Co.,  C.  P.,  4719  Sunnyslde  Ave., 
Chicago  30,  UL 

Control  Corp.,  600  Stinson  Blvd.,  Min- 
neapolis, Minn. 

Cook  Electric  Co.,  2700  Southport  Ave., 
Chicago,  III 

Federal  Telephone  k Radio  Corp.,  691 
Broad  St,  Newark,  N.  J. 

G-M  Laboratories,  Inc.,  4313  N.  Knox 
Ave.,  Chicago,.  111. 

Guardian  Electric  Mfg.  Co.,  1400  Wash- 
ington Blvd.,  Chicago  7.  111. 

Kellogg  Switchboard  & Supply  Co.,  6660 
S.  Cicero  Ave.,  Chicago  38,  111. 

Kurman  Electric  Co.,  36-18  37th  St, 
, Long  Island  City  1,  N.  Y. 

Lake  Mfg.  Co.,  2323  Chestnut  St,  Oak- 
land 7,  Calif. 

\ Leach  Relay  Co.,  6916  Avalon  Blvd.,  Los 
j Angeles,  Calif. 

• Leich  Electric  Co.,  666  W.  Washington 
Blvd.,  Chicago  6,  111. 

Magnetic  Devices  Inc.,  Frederick,  Md. 
Maico  Co.  Inc.,  26  North  3rd  St.,  Min- 
neapolis. Minn. 

Miles  Reproducer  Co.  Inc.,  812  Broadway, 
New  York,  N.  Y. 

North  Electric  Mfg.  Co.,  601  S.  Market 
St,  Gallon,  Ohio 

Parker  Engineering  Products  Co.,  16  West 
22nd  St.,  New  York  10,  N.  Y. 

Potter  k Brumfield  Mfg.  Co.,  Inc.,  617  N. 

Gibson  St,  Princeton,  Ind. 

Price  Brothers  Co.,  Frederick,  Md. 

R.B.M.  Mfg.  Co.,  Dlv.  of  Essex  Wire  Corp., 


R.d,™a.,nd- 


jls,  Inc.,  3758  Belmont  Ave., 

„ Chicago  18,  111. 

Richardson-Alien  Corp.,  15  West  20th 
St,  New  York  11,  N.  Y. 

Signal  Engrg.  A Mfg.  Co.,  154  West  14th 
St,  New  York,  N.  Y. 

Standard  Electrical  Products  Co.,  400 
Linden  Ave.,  Dayton  3,  Ohio 
Strnttera-Dunn,  Inc.,  1321  Arch  St, 
_ Philadelphia  7,  Pa. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 

Western  Electro-Mechanical  Co.,  Inc.,  300 
Broadway,  Oakland,  Calif. 

TIME  DELAY  BELAYS 

Adams  & Westlake  Co.,  Michigan  St., 
...  Elkhart,  Ind. 

Advance  Electric  and  Relay  Co.,  12«0  W. 

Second  St.  Los  Angeles,  Calif. 
AUen-Bradley  Co.,  136  W.  Greenfield  Ave., 
Milwaukee  2,  Wise. 

Allied  Control  Co.,  Inc.,  2 East  End  Ave., 
New  York  21,  N.  Y. 

American  Gas  Accumulator  Co.,  1029 
Newark  Ave.,  Elisabeth,  N.  J. 

Amp.  rite  Co.,  561  Broadway,  New  York, 
N.  Y. 

Auth  Electrical  Specialty  Co.,  Inc.,  422 
East  63rd  St.,  New  York  22,  N.  if. 
“hjcall  Co.,  1141  Tucker  Ave.,  Shelby, 
Ohio 

Automatic  Electric  Co.,  1033  W.  Van 
Buren  St,  Chicago  7,  I1L 
Automatic  Temperature  Control  Co.,  34 
r.,,®-  Logan  St,  Philadelphia  44,  Pa. 

Be’ ™ * Betts  Corp.,  551  West  52nd  St, 
New  York,  N.  Y. 

Burlington  Instrument  Corp.,  214  North 
ni.  . St,  Burlington,  Iowa 
L'are  * Co.,  C.  P„  4719  Sunnyslde  Ave., 
Chicago  30,  111. 

Clark  Controller  Co.,  1146  E.  162nd  St, 
r C'eveland,  Ohio 

'•ooitElectric  Co.,  2700  Southport  Ave., 
Chicago,  ill. 

rtfemcr  0°  , R.  w.,  Centerbrook,  Conn, 
turtle  Development  & Mfg.  Co.,  1 N. 
OnnP^ord  Ave.,  Chicago  24,  111. 
'-wUer-Hammer,  Inc.,  316  North  12th  St., 
Milwaukee  1,  Wise. 

Acme  Co.,  930  York  St.,  Cincinnati, 
Ohio 

|jf'e  Signal  Corp.,  Moline,  111. 

“u*8??*  lac.,  Thomas  A.,  Instrument  Dlv., 
Lakeside  Ave.,  West  Orange,  N.  J. 
Electrical  Products  Supply  Co.,  1140  Ven- 
El  'ee  Blvd.,  los  Angeles  15,  Calif. 
Electronic  Products  Co.,  19  North  First 
o^.  Sti  Geneva,  III 

mi1  Control  Co.,  1200  Soldiers  Field 
Kd.,  Boston  34,  Mass. 


General  Electric  Co.,  Schenectady  5,  N.  Y. 
Gibbs  & Co.,  Thomas  B.,  Div.  of  George 
W.  Borg  Corp.,  814  Michigan  St., 
Delavan  Wise. 

Glenn  Roberts  Co.,  3100  East  Tenth  St., 
Oakland  1,  Calif. 

Guardian  Electric  Mfg.  Co.,  1400  Wash- 
ington Blvd.,  Chicago  7,  I1L 
H-B  Electric  Co..  6109  North  21st  St. 
Philadelphia  38,  Pa. 

Haydon  Manufacturing  Co.,  Inc.,  Forest- 
ville,  Conn. 

Holtzer-Cabot  Signal  Division,  400  Stuart 
St,  Boston  17,  Mass. 

Industrial  Timer  Corp.,  117  Edison  PL, 
Newark  6,  New  Jersey 
Kurman  Electric  Co.,  36-18  37th  St,  Long 
Island  City  1,  N.  Y. 

Leach  Relay  Co.,  6915  Avalon  Blvd.,  Los 

AthtaIps  Pollf 

Luers,  5.  Ml\ton,  12  Pine  St,  Mt.  Clemens, 
Mich. 

Lumenite  Electric  Co.,  407  S.  Dearborn 
St,  Chicago,  111. 

Magnetic  Devices,  Inc.,  Frederick,  Md. 
Magnetic  Gauge  Co.,  60  E.  Bartges  St, 
Akron,  Ohio 

Megard  Corp..  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Monitor  Controller  Co.,  51  S.  Gay  St, 
Baltimore  2,  Md. 

New  Haven  Clock  Co.,  New  Haven  4, 
Conn. 

North  Electric  Mfg.  Co.,  501  S.  Market 
St,  Gallon,  Ohio 

Paragon  Electric  Co.,  37  W.  Van  Buren 
St,  Chicago  6,  111. 

Partlow  Corp.,  2 Campion  Rd.,  New  Hart- 
ford, N.  Y. 

Philharmonic  Radio  Corp.,  528  . 72nd  St, 
New  York  21,  N.  Y. 

Photoswitch,  Inc.,  77  Broadway,  Cam- 
bridge 42,  Mass. 

Photovolt  Corp.,  95  Madison  Ave.,  New 
York  16,  N.  Y. 

Precision  Thermometer  & Instrument  Co., 
1434  Brandywine  St,  Philadelphia  30, 
Pa. 

Price  Brothers  Co.,  Frederick,  Md. 

R.  B.  M.  Mfg.  Co.,  Dlv.,  of  Essex  Wire 
Corp.,  Logansport,  Ind. 

Rehtron  Corp.,  4313  Lincoln  Ave.,  Chicago 
18,  I1L 

Reliance  Automatic  Lighting  Co.,  1920 
Mead  St,  Racine,  Wise. 

Reynolds  Electric  Co.,  2650  W.  Congress 
St.,  Chicago  12,  111. 

Rhodes,  Inc.,  M.  H.,  30  Bartholomew  Ave., 
Hartford.  Conn. 

Richardson-Alien  Corp.,  15  W.  20th  St., 
New  York  11,  N.  Y. 

Sigma  Instruments,  Inc.,  70  Ceylon  St, 
Boston  21,  Mass. 

Signal  Engrg.  k Mfg.  Co.,  154  W.  14th 
St,  New  York,  N.  Y. 

Sorenson  & Co.,  375  Fairfield  Ave.,  Stam- 
ford, Conn.  _ _ 

Spencer  Thermostat  Co.,  34  Forest  St., 
Attleboro,  Mass. 

Springfield  Sound  Co.,  Electronics  Divi- 
sion, 12  Cass  St,  Springfield,  Mass. 
Square  D Co.,  6060  Rivard  St,  Detroit  11, 

Standard  Electrical  Products  Co.,  400  Lin- 
den Ave.,  Dayton  3,  Ohio 
Struthers-Dunn,  Inc.,  1321  Arch  St,  Phi- 
ladelphia 7,  Pa. 

Ulanet  Co.,  George,  88  E.  Kinney  St, 
Newark  6,  N.  J.  „ , , _ 

Union  Switch  A Signal  Co.,  Swlsavale,  Pa. 
United  Cinephone  Corp.,  65  New  Litch- 
field, Torrington,  Conn. 

VIctoreen  Instrument  Co.,  5806  Hough 
Ave.,  Cleveland  3,  Ohio 
Ward  Leonard  Electric  Co.,  31  South  St, 
Mount  Vernon,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa.  _ ... 

Weston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  o N.  J. 
White-Rodgers  Electric  Co.,  1209  Cass 
Ave.,  St.  Louis,  Mo.  _ w _ , 
Worner  Electronic  Devices,  609  West  Lake 

Zen i th  ’ Electric0  Co. ,**  1 5 2 W.  Walton  St, 
Chicago,  111. 

VACUUM  CONTACT  RELAYS 

Automatic  Electric  Co.,  1033  W.  Van  Bu- 
ren St,  Chicago  7,  111. 

Bendix  Aviation  Corp.,  Pacific  Dlv.,  11600 
Sherman  Way,  North  Hollywood, 
Calif. 

Edison,  Inc.,  Thomas  A.,  Instrument  Div , 
51  Lakeside  Ave.,  W.  Orange,  N.  J. 
Ettel-McCullough,  Inc.,  San  Bruno,  Calif. 


General  Electric  Co..  Schenectady  5,  N.  Y. 

H-B  Electric  Co.,  6109  N.  21st  St,  Phila- 
delphia 38,  Pa. 

Industrial  & Commercial  Electronics,  Bel- 
mont, Calif. 

Monitor  Controller  Co.,  61  S.  Gay  St,  Bal- 
timore 2,  Md. 

Price  Brothers  Co.,  Frederick,  Md. 

R.B.M.  Mfg.  Co.  Div.  of  Essex  Wire  Corp., 
Logansport,  Ind. 

Richardson-Alien  Corp^.  15  West  20th  St, 
New  York  11,  N.  Y. 

Signal  Engineering  k Mfg.  Co.,  164  Wert 
14  St.,  New  York,  N.  Y. 

Sperti,  Inc.,  Norwood  Station,  Cincinnati 
12,  Ohio 

Struthers-Dunn,  Inc.,  1321  Arch  St,  Phila- 
delphia 7,  Pa. 

VIctoreen  Instrument  Co.,  6806  Hough 
Ave.,  Cleveland  3,  Ohio 


Repairs.  Tube 

■ee  Tube  Repairs 

Resistors 


FIXED  BESISTORS 

Acme  Electric  Heating  Co.,  1217  Washing- 
ton St,  Boston.  Mass. 

Aerovox  Corp.,  740  Belleville  Ave.,  New 
Bedford,  Mass. 

Allen-Bradley  Co.,  136  W.  Greenfield 
Ave.,  Milwaukee  2,  Wise. 

Atlas  Resistor  Co.,  423  Broome  St.,  New 
York,  N.  Y. 

Carborundum  Co.,  Globar  Div.,  Niagara 
Falls,  N.  Y. 

Cinema  Engineering  Co.,  1508  W.  Ver- 
dugo  Ave.,  Burbank,  Calif. 

Clarostat  Mfg.  Co.,  Inc.,  130  Clinton  St, 
Brooklyn  1,  N.  Y. 

Continental  Carbon  Inc.,  13900  Lorain 
Ave.,  Cleveland,  Ohio 

Cutler-Hammer,  Inc.,  316  North  12th 
Street,  Milwaukee  1,  Wise. 

Eastern  Electronics  Corp.,  41  Chestnut  St., 
New  Haven,  Conn. 

Eastern  Specialty  Co.,  3617-19  N.  Eighth 
St,  Philadelphia  40,  Pa. 

Electric  Service  Manufacturing  Co.,  17th 
k Cambria  Sts.,  Philadelphia  32,  Pa, 

Erie  Resistor  Corp.,  644  W.  12  St,  Erie, 
Pa. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  89,  Mass. 

Globar  Div.,  Carborundum  Co.,  Buffalo 
Ave.,  Niagara  Falls,  N.  Y. 

Instrument  Resistors  Co.,  Little  Falls, 
N.  J. 

International  Resistance  Co.,  401  N.  Broad 
St,  Philadelphia  8,  Pa.  w 

Madison  Electrical  Products  Corp.,  Madi- 

Mallory’ &NCo.,’  Inc.,  P.  R.  3029  E.  Wash- 
ington St.,  Indianapolis,  Ind. 

Monitor  Controller  Co.,  51  S.  Gay  St, 
Baltimore  2,  Md. 

Muter  Co.,  1255  S.  Michigan  Ave.,  Chcago, 

National  Union  Radio  Corp.,  15  Washing- 
ton St,  Newark  2,  N.  J. 

Ohio  Carbon  Co.,  12508  Berea  Rd.,  Clere- 
Jand  Ohio 

Ohmite  Manufacturing  Co.,  4835  W. 
Flournoy  St,  Chicago,  111. 

Phil  more  Mfg.  Co.,  113  University  Place, 
New  York,  N.  Y. 

Precision  Machine  Works  Inc.,  14  South 
Ninth  St.,  Minneapolis,  Minn. 

Precision  Resistor  Co.,  334  Badger  Ave., 
Newark  8,  N.  J. 

Rex  Rheostat  Co.,  3 Foxhurst  Rd.,  Bald- 
win N.  Y. 

Schaefer  Bros.  Co.,  1059  W.  11th  St., 
Chicago,  111.  , , 

Shallcross  Mfg.  Co.,  10  Jackson  Ave., 
Colllngsdale,  Pa. 

Speer  Resistor  Corp..  St  Marys,  Pa. 

Sprague  Electric  Co..  North  Adams,  Mass. 

Stackpole  Carbon  Co.,  Tannery  St,  St 

States  aco.!' 19  aNew  Park  Ave.,  Hartford  6, 

TrefsMfg.  Co.,  28-11  Main  St.,  Flushing, 
N T 

Tuttle'  A Co.,  H.  W„  261  W.  Maumee  St, 

UtahARadlo  Products  Co.,  820  Orleane  St. 
Chicago,  U L 

VIctoreen  Instrument  Co.,  6806  Hough 
Ave.,  Cleveland  3,  Ohio 


fUCTRONICS-Noremier  IMS 
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Digitized  by  LnOOQle 


1945-1946  Nil  i 


Ward  Leonard  Electric  Co.,  31  South  St, 
Mt  Vernon.  N.  Y. 

White  Dental  Manufacturing  Co.,  S.  S. 
(Industrial  Dlv.)  10  EL  40th  St,  New 
York,  N.  Y. 

Wirt  Co.,  6221  Greene  St,  Philadelphia, 
Pa. 

Wright  Machine  ft  Tool  Corp.,  7 West  30th 
St,  New  York  1,  N.  Y. 

VARIABLE  RESISTORS 
POTENTIOMETERS  and  RHEOSTATS 

A.  B.  C.  Products,  Inc.,  11952  Montana 
Ave.,  W.  Los  Angeles,  Calif. 

Acme  Electric  Heating  Co.,  1217  Wash- 
ington St,  Boston,  Mass. 

Aerovox  Corp.,  740  Belleville  Ave.,  New 
Bedford,  Mass. 

Allen-Bradley  Co.,  136  W.  Greenfield  Ave., 
Milwaukee  2,  Wls. 

Atlas  Resistor  Co.,  423  Broome  St,  New 
York,  N.  Y. 

Bailey  Meter  Co.,  1050  Ivanhoe  Rd.,  Cleve- 
land 10,  O. 

Biddle  Co.,  James  G.,  1213  Arch  St,  Phi- 
ladelphia, Pa. 

Bristol  Co.,  Waterbury  91,  Conn. 

Brown  Instrument  Co.,  4428  Wayne  Ave., 
Philadelphia  4 4,  Pa. 

Cambridge  Instrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  N.  Y. 
Centralab  Dlv.  of  Globe  Union,  Inc.,  900 
. Keefe  Ave.,  Milwaukee  1,  Wise. 
Central  Scientific  Co.,  1700  Irving  Park 
Blvd.,  Chicago  13,  UL 
Chicago  Apparatus  Co.,  1735  N.  Ashland 
Ave.,  Chicago,  111. 

Chicago  Telephone  Supply  Co.,  1142  W 
Beardsley  Ave.,  Elkhart.  Ind. 

Cinema  Engineering  Co..  1508  W.  Verdugo 
Ave.,  Burbank,  Calif. 

Clarostat  Mfg.  Co.,  Inc.,  130  Clinton  St, 
Brooklyn,  N.  Y. 

Columbia  Electric  Mfg.  Co.,  4519  Hamil- 
_ .Jon^ve-;  N-  E-  Cleveland  14,  Ohio 
Curtis  Development  & Mfg.  Co..  1 N 
_ .Crawford  Ave.,  Chicago  24,  111. 
Cutler-Hammer,  Inc.,  315  North  12th  St, 
Milwaukee  1,  Wise. 

Daven  Co.,  191  Central  Ave.,  Newark  4, 
N.  J. 

DeJur-Amsco  Corp.,  Northern  Blvd.  at 
45th  St.,  Long  Island  City  1,  N.  Y. 
Eagle  Electric  Mfg.  Co.  Inc..  23-10  Bridge 
Plaza  S.,  Long  Island  City,  N.  Y. 
Eastern  Specialty  Co  3619  N.  Eighth 
St.,  Philadelphia  40,  Pa. 

Electronic  Products  Co.,  19  N.  First  St, 
Geneva.  111.  ' 

Fairchild  Camera  & Instrument  Corp.,  475 
Tenth  Ave.,  New  York  18.  N.  Y. 
General^Electrlc  Co.,  Schenectady  5,  New 

General  Radio  Co.,  275  Massachusetts 
A'6;*  Cambridge  39,  Mass. 

Gianninl  & Co.,  Inc..  G.  M.,  161  E.  Cali- 
Pihh?? la  St  Pasadena,  Calif. 

G bbw*  S° •*  Thomas  B.,  Dlv.  of  George 
814  M1“  st- 
Gilbert  Clock  Co.,  Wm.  L„  WlnstwJ,  Conn 
64%  w- Johna°" 

New«rkHNdj'  In°"  40  Hernwn  St. 
^e!*^asadena.'  CallV  St"  South 

HeWpl!oP^tkoarcaC1?f  395  PaKe  M1"  Rd" 

;nteraa,«  %.■ 401  n-  Broad 

Lectrohm,  Inc.,  5125  W.  25th  SL,  Cicero 
I"'e',Phi1adc^C‘D,?0  pL970  Stenton  Ava~ 

62  Rubb-  Ave.. 
Madison^  Electrical  Prods.  Corp.,  Madison, 

Mallory  & Co..  Inc.,  P.  R_.  3029  E Wash. 

Ington  SL,  Indianapolis  6,  Ind. 
Morganite  Brush  Co.,  33-02  48th  Ave 
Long  Island  City,  N.  Y.  AVe" 

Mossman,  Inc,,  Donald  P.,  612  X Mlchi- 
gan  Ave.,  Chicago  11,  I1L 
National  Electric  Controller  Co.,  6307  Ra- 
venswood  Ave.,  Chicago,  HI. 

Ohio  Carbon  Co.,  12508  Berea  Rd  Cleve- 
land, Ohio 

Ohmite  Manufacturing  Co.,  4835  W Flour- 
noy St..  Chicago  44,  III 
Presto  Electric  Co.,  4511  New  York  Ave 
Union  City.  N.  J. 

Rex  Rheostat  Co.,  S Foxhurst  Rd.,  Bald- 
win, N.  Y. 


Richardson-Alien  CorjL,  16  West  20th  St, 
New  York  11,  N.  Y. 

Rowe  Radio  Research  Laboratory  Co., 
2422  N.  Pulaski  Rd.,  Chicago  39,  UL 
Rubicon  Co.,  8751  Ridge  Ave.,  Philadel- 
phia, Pa. 

Schaefer  Bros.  Co.,  1069  W.  11th  St,  Chi- 
cago, 111. 

Shallcross  Mfg.  Co.,  10  Jackson  Ave., 
Collingdale,  Pa. 

Small  Motors,  Inc.,  1322  Elston  Ave..  Chi- 
cago 22,  111. 

Speer  Carbon  Co.,  St  Marys,  Pa. 

Stackpole  Carbon  Co.,  St  Marys,  Pa. 
Stlcht  Co.,  Inc.,  Herman  H.,  27  Park 
Place,  New  York  7,  N.  Y. 

Tech  Laboratories,  7 Lincoln  St,  Jersey 
City,  N.  J. 

Thwing-Albert  Instrument  Co.,  Penn  St, 
& Pulaski  Ave.,  Philadelphia  44,  Pa. 
Trefz^Mfg.  Co.,  38-11  Main  St.,  Flushing, 

Utah  Radio  Products  Co.,  820  Orleans 
St,  Chicago,  111. 

Ward  Leonard  Electric  Co.,  31  South  St.. 

Mount  Vernon,  N.  Y. 

Welch  Scientific  Co.,  W.  M.,  1515  Sedgwick 
St.,  Chicago  10,  Til. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wirt  Co.,  5221  Greene  St,  Philadelphia, 
Pa. 

Wright  Machine  & Tool  Corp.,  7 West 
30th  St.,  New  York.  N.  Y. 

WIRE  WOUND  RESISTORS 

Aerovox  Corp.,  740  Belleville  Ave.,  New 
Bedford,  Mass. 

Associated  Research,  Inc.,  231  S.  Green 
St.,  Chicago,  111. 

Atlas  Resistor  Co.,  423  Broome  St.,  New 
York,  N.  Y. 

Automatic  Electric  Co.,  1033  W.  Van  Bu- 
ren  St.,  Chicago  7,  111. 

Bimbaeh  Radio  Co.  Inc.,  145  Hudson  St, 
New  York,  N.  Y. 

Centralab  Dlv.  of  Globe  Union.  Inc.,  900 
E.  Keefe  Ave.,  Mihvaukee  1,  Wis. 
Cinema  Engineering  Co.,  1508  W.  Verdugo 
Ave.,  Burbank,  Calif. 

Clarostat  Mfg.  Co.,  130  Clinton  St.,  Brook- 
lyn. N.  Y. 

Continental  Carbon,  Inc.,  13900  Lorain 
Ave.,  Cleveland,  Ohio 
Cutler-Hammer,  Inc.,  315  North  12th  St, 
Milwaukee  1.  Wise. 

DaV<N  J°”  191  Ccntral  Ave.,  Newark  4, 

DeJur-Amsco  Corp.,  Northern  Blvd.  at 
45th  St..  Long  Island  City  1.  N.  Y. 
Eagle  Electric  Mfg.  Co.,  Inc..  23-10  Bridge 
Plaaa  S.,  Long  Island  Citv,  N.  Y. 
Eastern  Electronics  Corp.,  41  Chestnut 
St.,  New  Haven,  Conn. 

Eastern  Specialty  Co.,  3617-19  N.  Eighth 
St.,  Philadelphia  40.  Pa. 

E C°Y^k  * NrSYC°‘’  112  W'  18th  St’  New 
Electrical  Reactance  Corp.,  Franklinville, 

Emerson  Radio  ft  Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y. 
Federal  Instrument  Co.,  3931  47th  Ave 
Long  Island  City  4,  N.  Y. 

General  Electric  Co.,  Schenectady  5.  N Y 
General  Electronics  Mfg.  Co..  2225  Sol’ 
Hoover  St.,  Los  Angeles  7,  Calif. 
General  Radio  Co.,  275  Massachusetts 
39-  Mass. 

Gibbs  & Co.,  Thomas  FI.,  Dlv.,  of  George 

"elaSw^-  8U  Mlch,san  St" 

Gilbert  Clock  Co.,  Wm.  I.„  Wlnsted,  Conn 
S«rd^iCi,°r??,rRJt,on',Cape  Girardeau,  Mo. 
Newark  n j'  "C"  40  Hermon  St- 

HeWpa!;PltardcSlf  396  PaKB  M‘"  R°ad' 

InStrDiu';e"tFal'is'SNrSJ.C0.,  25  Amlty  St- 
International  Resistance  Co.,  401  N.  Broad 
t ,ut-\  Ph^adelphia  8,  Pa. 

LeCt5o°hIVl'  Inc-  51. 25  W.  26th  St,  Cicero. 

^edLVd°eiSP4j;0pl970  Ste"‘""  Ave" 

Mad?Snl  ^lejtrical  Products  Corp.,  Madi- 

Ma’ apSs.  M&n25  North  3rd  s‘" 

Mallory  ft  Co.,  Inc..  P.  R.,  3029  E.  Wash- 
ington  St..  Indianapolis  6,  Ind 

a c0he8ferC,NCH  Inetrument  Co.,  Man- 

iPCaBr0«k[yndtC5rrYU,n  P,ushln“  Ave" 


Monitor  Controller  Co.,  61  S.  Gay  SL,  Bal- 
timore 2,  Md. 

Muter  Co.,  1255  S.  Michigan  Ave.,  Chi- 
cago,  III 

National  Electric  Controller  Co.,  5307  Ra» 
venswood  Ave.,  Chicago,  111. 

National  Union  Radio  Corp.,  15  Washing- 
ton St,  Newark  2,  N.  J. 

Nilsson  Electrical  Laboratory,  Inc-103 


land,  Ohio 

Ohmite  Mfg.  Co.,  4835  W.  Flournoy  St, 
Chicago  44,  IlL 

Philmore  Mfg.  Co.,  113  University  PL,  New 
York,  N.  Y. 

Precision  Machine  Works.  Inc.,  14  South 
Ninth  St,  Minneapolis,  Minn. 

Precision  Resistor  Co.,  334  Badger  Ave- 
Newark  8,  N.  J. 

Presto  Electric  Co.,  4511  New  York  Ave^ 
Union  City,  N.  J. 

Relmers  Electric  Appliance  Co.,  Inc.,  596- 
66th  St.,  West  New  York.  N.  J. 

Rex  Rheostat  Co.,  3 Foxhurst  Rd.,  Bald- 
win, N.  Y. 

Richardson-Alien  Corp.,  15  W.  20th  SL, 
New  York  11,  N.  Y. 

Rubicon  Co.,  3751  Ridge  Ave.,  Philadel- 
phia, Pa. 

Schaefer  Bros.  Co.,  1059  W.  11th  SL, 
Chicago,  111.  _ 

Scientific  Radio  Products  Co..  738  W. 
Broadway,  Council  Bluffs,  Iowa 

Shallcross  Mfg.  Co.,  10  Jackson  Ave., 
Collingdale,  Pa. 

Sprague  Electric  Co..  North  Adams,  Mass. 

Technical  Apparatus  Co.,  1171  Tremont 
SL,  Boston  20,  Mass. 

Techno-Scientific  Co.,  901  Nepperhan  Ave., 
Yonkers  3,  N.  Y. 

Trefz  Mfg.  Co.,  38-11  Main  St.,  Flushing, 
N.  Y-  „ 

Triplett  Electrical  Instrument  Co..  286 
Harmon  Rd.,  Bluffton,  Ohio 

Utah  Radio  Products  Co.,  820  Orleans 
St.,  Chicago,  111.  _ . _4 

Ward  Leonard  Electric  Co.,  31  South  SL, 
Mount  Vernon,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh Pa. 

Wirt  Co., ’6221  Greehe  St,  Philadelphia, 

pa. 

Wright  Machine  * Tool  Corp.,  1 West  39th 
St,  New  York,  N.  Y. 


Rheostats. 


see  Variable  Resistors 


Rings.  Oil  Sealing 

Auburn  Mfg.  Co.,  110  Stack  St.,  Middle- 
town,  Conn.  . 

Graphite  Metallizing  Corp..  1055  Nepper- 
han Ave.,  Yonkers  3,  N.  Y 

Sealol  Corp.,  45  Willard  SL,  Providence, 
R.  I. 

Rings.  Retaining — 

Waldes  Kohinoor,  Inc.,  Long  Island  City 
1.  N.  Ye 

Rivets 

American  Brass  Co.,  Waterbury  88,  Conn. 

Atlas  Tack  Corp.,  Pleasant  SL,  Fairnaven, 
Mass.  ... 

Blake  & Johnson  Co.,  1495  Thomaaton 
Ave.,  Waterville.  Conn. 

Central  Screw  Co.,  3511  Shields  Ave.,  tn 

Chase  Kras’s  & Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91.  Conn. 

Cherry  Rivet  Co..  231  Winston  St.,  boe 
Angeles  13,  Calif.  _ n,.n  -aj 

Chicago  Rivet  & Machine  Co.,  9600  ■ 

Jackson  Blvd.,  (Bellwood)  Chicago. 

Clark  Bros.  Bolt  Co.,  Mllldale,  Conn. 

Clendenin  Bros.,  108  South  St,  Baltimore, 

CobbM&  Drew,  Klngaton  St,  Plymouth, 
Mass.  tiii. 

Federal  Screw  Products  Co.,  224  w. 

ron  St.,  Chicago  10,  I1L  rW- 

Harper  Co.,  H.  M.,  2630  Fletcher  SL,  cm 
CagO  18,  111.  _ _ , a Ota 

Hassall  Inc.,  John,  Clay  & Oakland  Sts, 
Brooklyn,  N.  Y. 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


7U  W' 

West  85th  St., 

ManSMt^r’s  Belt  Hook  Co.,  1821  W. 

sJSSSSt^b^  Products.  270  W. 
Hubbard  St,  Chicago,  111. 

“'''^‘^sirf'wv?,6.  E”yr““oh.o 
Co.,  2440  E.  75th 

NewSBngtand  ^rew  Cog  Keene.  ^.  H. 

Plume  & Atwood  Mfg.  Co.,  470  Liana  ou, 
pJKK  52  Norwood  St. 
ReedT’Ke  mX  Co..  Duncan  Ave„ 
UrSr.a“^B^N»«Co.. 
ScovM^'K^I^rVateThury 
StlmlVonCo",'  Inc..  Edwin  B„  74  Franklin 

TubiUar  Rh™&ystud  Co.,  Wollaston  70, 
Mass. 

Rubber  Insulating 
Compounds 

•ee  Waxes 

Saws  Crystal . 

■ee  Crystal  Finishing  Equipment 

Scales — — 

i DIM.  SCALES 

I 

■ee  also  Dials 
also  Escutcheons 


American  Insulator  Corp.,  New  Freedom, 

Pa. 

Ansonia  Clock  Co.,  Inc..  103  Lafayette  St., 
New  York  13,  N.  Y.  _ . 

Aray  Mfg.  & Supply  Co.,  3107  Pine  St.,  St 
Louis  3,  Mo.  . 

Austin  Co.,  O.,  42  Greene  St,  New  York, 

N.  Y. 

B.  & c.  Insulation  Products,  Inc.,  261 
Fifth  Ave..  New  York  16.  N.  Y. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bast! an  Bros.  Co.,  1600  N.  Clinton  Ave., 
Rochester,  N.  Y. 

Bud  Radio,  Inc.,  2118  E.  55th  St.,  Cleve- 
land 3,  Ohio 

Cardv-Lundmark  Co.,  1801  AY.  Byron  St., 

_ Chicago  13.  111. 

Chatillon  & Sons,  John,  85-93  Cliff  St., 
New  York,  N.  Y. 

Croname,  Inc.,  3701  Havenswood  Ave., 
Chicago.  111.  _ 

Etched  Products  Corp.,  3901  Queens  Blvd.., 
Long  Island  City.  N.  Y. 

Emeloid  Co.,  Tnc.,  291  Laurel  Ave.,  Ar- 
llngton.  N.  J.  _ 

Felsenthal  & Sons.  G.,  4122  W.  Grand 
Ave.,  Chicago  51,  111. 

Finch  Telecommunications,  Inc.,  Passaic, 
N.  J. 

Gemloid  Corp.,  79-10  Albion  Ave.,  Elm- 
hurst.  N.  Y.  _ 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Electronics  Mfg.  Co.,  2225  So. 
Hoover  St,  Los  Angeles  7,  Calif. 

Grammes  A Sons.,  Inc.,  L.  F.,  389  Union 

__  St..  Allentown  2,  Pa. 

Hopp  Press.  Tnc.,  460  West  34th  St.  New 

_ York.  N.  Y. 

Insuline  Corp.  of  America,  36-02  35th  Ave., 
Long  Island  City.  N.  Y. 

Johnson  Co.,  E.  F..  Waseca,  Minn. 

New  England  Etching  & Plating  Co.,  25 
Spring  St.,  Holyoke.  Mass. 

New  England  Radlocrafters,  1156  Com- 
monwealth  Ave..  Boston  34,  Mass. 

Parisian  Novelty  Co.,  3510  S.  Western 
Ave.,  Chicago  9.  111. 

Plastic  Fabricators  Co..  440  Sansome  St, 
San  Francisco  1 1 . Calif. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20.  N.  Y. 

Screws __ 

recessed  head  screws 

Allen  Mfg.  Co.,  Hartford,  Conn. 


American  Screw  Co.,  Providence,  H.  I. 
Atlantic  Screw  Works,  Hartford,  Conn. 
Rrintni  Go  . Waterbury  91,  Conn. 

Central  Screw  Co.,  3611  Shields  Ave.,  Chi- 

Chandter  Products  Co.,  1476  Chardon  Rd., 
Cleveland,  Ohio  . 

Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St.,  Waterbury  91,  Conn.  _ . 

Continental  Screw  Co.,  New  Bedford, 

corkscrew  Corp..  High,  Myrtle  A Grove 

Federal’  Sc^Tw  Products  Co.,  224  W. 

Gene?airScrfw  & Mfg®°Co  / 1228  W.  Mon- 

Harper  Co!!  Hh*Sf  2620  Fietcher  SL,  Chl- 

Hartford  Machine  Screw  Co.,  Hartford, 

Industrial  Screw & Supply  Co.,  713  W. 

Inteimatfonai'  Screw* Co., ’ 9444  Boselawn 

Lamson  A^esslon s Co.,  1971  W.  85th  St„ 
Cleveland,  Ohio  w 

Manufacturers  Screw  Products,  270  w. 

Hubbard  St,  Chicago,  111.  d 

Milford  Rivet  & Machine  Co.,  Milford, 

Nationain'Screw  A Mfg.  Co.,  2440  E.  75th 

Par^lK^fo^’SV;  2001OVarick  St,  New 

Pawmcket1  Screw  Co.,  Pawtucket,  It  I. 
Pheoll  Manufacturing  Co.,  5700  Roosevelt 

Reading  .^Co^Norristown,  Pa. 

Reed  & Prince  Mfg.  Co.,  Duncan  Ave.. 

Worcester,  Mass  r 

RufscU.  Burdsall  & Yard  Bolt  & Nut  Co., 
Midland  Ave..  Port  Chester,  N.  Y. 
^oovill  Mfg  Co.,  Waterbury  91,  Conn. 
i“ak,  proof.  Inc'.. ,,2501  N.  Keeler  Ave., 

Southington  Hdwe  Mfg.  Co.,  Southington, 

'st.  iS'Screw  A Bolt  Co  6900  N.  Broad - 

SternnT'B^it^r^  W.'  Jackson  Blvd., 

, Ignited" 'Icrg(w  ApBolt  Coffi,  2513  W.  Cul- 

Whltney°nScrew  Co.,  Nashua,  N.  H. 
Wolverine  Bolt  Co.,  Detroit,  Mich. 


SPECIAL  SCREWS 

Ericsson  Screw  ' Machine  Pr»^ts  Co  , 
Inc.,  23  Lafayette  St,  Brooklyn  x. 

New  England  Screw  Co.,  Keene,  N.  H. 
Progressive  Mfg.  Co.,  Torrington,  Conn. 
ISSuhS.  Co..  99’ Mill  St,  Waterbury 

Waltham  Screw  Co.,  77  Rumford  Ave., 

Whim  DenW  Mfg.8' Co.,  S.  S.  Industrial 
Div  io  East  lOth  St.,  New  York,  N.  Y. 


Seals.  Hermetic. 


SET  and  CAP  SCREWS 

Allen  Mfg.  Co.,  Hartford,  Conn. 

Chart,on 

Rd..  Cleveland,  Ohio  Orand 

Chase  Brass  A Copper  Co..  Inc.,  236  Grand 
St.,  Waterbury  91.  Conn.  _ . 

Continental  Screw  Co.,  New  Bedford, 

Federal  Screw  Products  Co.  224  w. 

ron  St.,  Chicago  1 , Taylor  Ave., 
General  Cement  Mfg.  Co.,  919  layior  a 

HarpRe°rCm.rH.  M..  2620  Fletcher  St,  Chl- 
Hartford  Machine  Screw  Co.,  Hartford, 
Industrial  Screw  A Supply  Co.,  713  W. 
X.m^eAS|essW.6l9n  W.  85th  St., 

Manufacturers  ^ct^w  Products,  370  W. 

Parker!  Ka^nCorp^  ^Varick  St,  New 

PheoTl°Manufacturing  Co.,  5700  Roosevelt 
ReedRdA  K«°MfVc».,  Duncan  Ave., 
Repu^?.rs«eere.M5o9rp..  Republic  Bldg., 
RusseB^Burdsall  2^,.  Nut  Co., 

Schori'co."  wthe;  U.  MO^SanU  Monica 

ScovSV?l'fgB  cr,'J99HMU.  «!  Waterbury, 
Shake1proo?nnine.  2501  N.  Keeler  Ave., 
St  a;as°cr3ew  A>lt  Co.,  6900  Bway, 
Standard^Pressed  *eel  Co.,  Jenkintown. 

sterling  Bolt  Co.,  209  W.  Jackson  Blvd., 
Chicago,  111. 


Aerolux  Light  Corp.  653  Eleventh  Ave., 
Cincinnati^Electric  Products  Co.,  cHtJ‘age 

C‘  at  Hannaford  Cincinnati  12,  Ohto 

Dongan  Electric  Mfg.  Co.,  2987  Franklin 
St.,  Detroit,  Mich. 

Electrical  Industries,  Inc.,  42  Summer 
Ave.,  Newark  4,  N.  J.  rutin n 

Electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J.  qtate 

Federal  Electric  Co..  Inc.,  8700  S.  State 

St.,  Chicago  19,  IU.  ^nokofeller 

Ferr^a,ENeCwiYorIkn26,  N. 

General  Ceramics  A Steatite  Corp.,  Keas 

H-B*1  Electric'  Co.,  6109  North  21st  St., 
Hermas1iadecoh,laRWerslde  Drive,  Elkhart, 
Kopp^Glas^ Inc.,  1 East  42nd  Street,  New 
Marlon^ElVc’trical  'instrument  Co.,  Man- 
Mycal’ex'c'oi?.'  of  America.  60  Clifton 
Pacinc^ci'aj^’products  Co.,  306  West  Ave- 

Rad,r^qu^=VAl^3,  3!neCa,Boonton, 

Spertt  Inc.,  Norwood  Station,  Cincinnati 

Universal h^X -Ray  P™^ut'SiCago 'll!  HI 
North  Francisco  Ave..  Chicago  »(,  »• 
Westlnghouse  Electric  Corp..  East  Pitts 
burgh,  Pa. 

Selsyns • 

Diehl  Mfg.  Co.,  Finderne  Plant,  Somer- 
ElectrlceEngineering  A Mfg.  Co.,  Los  An- 
Elecfrfce3InCdlcaftor  Co.,  21  Parker  Ave.. 

EleotriamsproSa?t°ynCo.,  211  South  Street, 

llectromatic^ypewriters^Inc^^Rochester, 

Wesringhouse  ^Electric  East  Pitta- 

burgh,  Pa. 

Servos.  Solenoid  & Plunger 

.mas.,.  Television  A Radio  Co,,  300  RS. 
ArayFMfgh  AsSppf/ Co!,'  no? ' Fine  St, 
ElectSrUVU^n8fo°rmer  Co.,  421  Canal 

Eastern  Air  Devices, ^nc.,  585  Dean  St, 
Brooklyn  17,  in.  i.  . 2500 

HerA«Lri!eAw^  Brooklyn  7,'  N.  Y. 

62  st' 

burgh.  Pa. 


Shafts _ 


flexible  shafts 


Breese  Corp.,  41  S.  Sixth  St,  Newark, 
N.  J. 
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Cronamc,  Inc.,  3701  Ravenswood  Ave., 
Chicago,  111. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave 
Rockford,  111. 

Haskins  Co.,  R.  G 615  S.  California  Ave., 
Chicago  12,  111. 

ftivlncible  Tool^Co.,  611  Empire,  Pitta- 

f y.UYFL  Ham,It°" 

I^ar  Incorporated,  Plqua,  Ohio 

st,&ch&g^ain  **'  29  E-  Madu,on 

Mar“an^“(5i;^  C°  ' 1371  H‘rd  Ave" 

Pratt  & Whitney  Dlv.  Nlles-Bement-Pond 
Co.,  West  Hartford  1,  Conn. 

Stewart  Mfg.  Corn.,  F.  W„  4311  Ravens- 

AXe"  c"lcaF°  13.  Ill- 

S to“fN  CY  " 445  ®tate  St"  BInkham- 

Walker-Turner  Co.  Inc.,  1463  Berckman 

m St.,  Plainfield,  N.  J.  C man 

Whlte  Dental  Mfg.  Co.,  s.  S.  Industrial 
Dlv.,  10  E.  40th  St.,  New  York,  N.  Y. 


Shields . 


tube  shields 

Pa.d!um  Steel  Corp"  Bracken- 
Alumhium  Goods  Mfg.  Co.,  Manitowoc, 

American  Brass  Co.,  Waterbury  88  Cons 
American  Radio  Hardware  Co.,  Inc.  152 
MacQuesten  Pkway,  S„  Mlvei-non. 

BUdKl03;  'own2118  EaSt  55,h  Cleve- 
Erle,<'an  Co.,  816  W.  Erie  St.,  Chicago, 

''aKeV,Cr/Yff’  175  Varick 
B“okllyntTPYKa’  InC'  314  Dea"  St" 
GUScagodl"f  COrP-  4600  Huron  SL.  Chi- 
aUthsT.ancS.cSo,Fif,Wln  16  S-  Throop 

Hcgelcr  Zinc  Co.  Danvi]ief  m 

/paSwa^BrSk,4!^.  Ham"‘°" 
Natld2al48 «1“h®a™nnSL,  Mai- 
PkU  Philadelphia8'  Pa8‘h  * Co«'a"<  Sts., 

f0enuf,°n1?eHo?kr?6ardN32Y6  Flfth  Av8‘ 

”Nnaita"  Brid- 

Union  Aircraft  R^octa  Corp.,  380  Second 


Shunts. 


ammeter  shunts 

Aaa0sLat^hBagoea7rChH,InC-;  231  & Grce" 

cast  B8V8r,y  B1'd  • 
3 QhioV-  W”  3001  Salem  Ave-  Dayton 
Burlington  Instrument  Corp.,  214  North 

KlertrU-  Stf’  ®u£,Hngton,  Iowa 

Electric  Heat  Control  Co.,  9123  Inman 
FstpHW  ACleVe,ay!?d  6-  Ohio 

E8,elX-nAanpgo'i?sC?ndInt'  R °‘  B« 

&9V7th  A™-- 

General  Electric  Co.,  Schenectadv  m v 
General  Electronic^'  Mfg.  Co  . 2225  si 
Hoover  St.,  Los  Angeles  7 CsHr 
Hickok  Electrical  Instrument  Co.,  1*6514 
Dupont  Ave.,  Cleveland,  Ohio 

InStrLT.temFalfsSlSJ?rSj  C°"  25  Aml*  S‘- 
intermttlonal^esls^noe  Co.  401  N.  Broad 

Knickerbocker  Development  Corp.,  lie 
Little  St.,  Belleville  9,  N.  J 
l-eed’  * Northrop  Co.,  4970  Stenton  Ave., 
Philadelphia,  Pa. 

Marion  Electrical  Instrument  Co.,  Man- 
chester, X.  H. 

Me,rrs,  Inc.,  915  Rlverla  Drive,  Indian- 
a polls  5,  Ind. 

Norton  Electrical  Instrument  Co.,  79  Hll- 
Hard  St.,  Manchester,  Conn. 

Precision  Resistor  Co.,  334  Badger  Ave 
Newark  8,  N.  J. 

IMS 


Rawson  Electrical  Instrument  Co.,  Inc., 

„ 110  Potter  St,  Cambridge  42,  Mass. 

Roller-Smith,  Bethlehem,  Pa. 

Scientific  Service  Laboratories,  2225  So. 
Hoover  St,  Los  Angeles  7,  Calif. 

Simpson  Electric  Co.,  6218  W.  Klnzle  St. 
Chicago  44,  111. 

Sun  Mfg.  Co.,  6623  Avondale  Ave.,  Chi- 
cago, 111. 

Triplett  Electrical  Instrument  Co.,  286 

Harmon  Rd.,  Bluftton,  Ohio 

Welch  Scientific  Co.,  W.  M.,  1616  Sedg- 
wick  St,  Chicago  10,  111.  * 

Westinghouse  Electrical  Corp.,  East  Pitts* 
burgh.  Pa 

Weston  Electrical  Instrument  Corp.,  614 
Freyllnghuysen  Ave.,  Newark  5,  N.  J. 

Sleeves  and  Tubes,  Cathode 

General  Plate  Dlv.,  Metals  A Controls 
Corp.,  34  Forest  St,  Attleboro,  Mass, 
(seamless  tubing) 

Lenoxlte  Dlv.,  Lenox  Inc.,  66  Prince  St., 
Trenton  5,  N.  J. 

Precision  Laboratories,  Inc.,  Irvington, 
N.  J.  (lockaeam  type) 

Precision  Tube  Co.,  3828  Terrace  St.,  Phi- 
ladelphia  28,  Pa. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J.  (lockaeam  type) 

Superior  Tube  Co.,  Norristown,  Pa.  (lap- 


, "r  ‘wiiiotuwii,  z -a, 

seam,  lockaeam,  seamless  type) 
Swedish  Iron  A Steel  Coin.,  if  Battery 
Place,  New  York,  N.  Y. 
Westinghouse  Electrical  Corp.,  East  Pitts- 
burgh, Pa. 


Sockets. 


DIAL  LIGHT  SOCKETS 

Alden  Products  Co.,  117  North  Main  St, 
.Brockton  64,  Mass. 

American  Radio  Hardware  Co.,  Inc.,  152 
MacQuesten  Pkway  S.,  ML  Vernon, 

Cole^Hersee  Co.,  54  Old  Colony  Ave.,  Bos- 
ton  27,  Mass. 

^ a JH^ht  Co.  of  America,  900  Broadway, 
New  York  3,  N.  Y 

Drake  Mfg  Co..  1713  Hubbard  St.,  Chi- 
cago, 111. 

Emerson  Radio  & Phonograph  Corp., -Ill 
Eighth  Ave.,  New  York,  N.  Y 
federal  Screw  Products  Co.,  224  W Hu- 
«>n  St..  Chicago  10,  111. 

New  Yo?k,CN:  Y W"  175  VaHck  St~ 
General  Electric  Co.,  Bridgeport.  Conn 
Insuline  Corp.  of  America,  36-02  35th 
Ave.,  Long  Island  City,  N.  Y 
Keilogg  Switchboard  & Supply  Co..  6650 
Ay®  . Chicago  38,  111. 
lrkHsntowCn°  'NH  Jk'  8-10  K‘nK  St"  Mor- 
KU'ks\  EMttrVerm/nB'  N °Y  InC’  30  Sou,h 
Ph"Nerwe  YMorgk.  SV*3  Un,TCrsl* 
SC°'cJ>n“fB'  C°"  99  Mln  St,  Waterbury, 

Tln8?agoGH?''  1461  W'  °rand  Ave-  Chl- 
UC‘"vllleC<Mals9  Wttter,own  St,  Newton- 

^'caSrTdg^T8*;^  ' 31  Am”  St' 
WeSpu!shb°uU?ghEl?aC,rlC  * MfB  C°-  East 
W°twfyCS  3C°N'.  1"°'  826  ^roadway, 
York  Wire  & Cable  Div.,  General  Electric 
Co..  Bridgeport,  Conn.  metric 

tube  sockets 

Alden  Products  Co.,  117  North  Main 

Brockton  64,  Mass.  " 

American  Brass  Co..  Waterbnrv  rs  nnn„ 

AmeAvan  CPMc^C50COlff"  lsi®  4 64<li 
meMacQuesten  Pkwayfs.^Mt  'vernlm 

AU%t^ro^kliay,nPrN°dSYC°rP'  316 

B1™New  York"  £°-Tlnc"  145  Hud8°”  St- 

BudiSfddil:  oiiin 2118  E- 55th «-  ci8«- 
ClnCCh“?goCI°ii  2336  W'  Van  Buren  St" 


Cole-Hersee  Co.,  54  Old  Colony  Ave  Bee 
ton  27,  Mass. 

Eby,  Inc  H H 18  W.  Chelton  Ave, 
Philadelphia  13,  Penn. 

EleCB?vdC,  ChfTon^J.  InC'  70  Cll,,“ 

Electronic  Products  Co.,  North  First  St 
Geneva,  111. 

Emerson  Radio  & Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York;  N.  Y. 

Federa.1  Manufacturing  & Engrg.  Corp., 
199  Steuben  St.,  Brooklyn,  N.  Y. 

Franklin  Mfg.  Corp..  W.,  175  Varick  8t 
New  York,  N.  Y. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave. 
Rockford,  111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

Hammarlund  Mfg.  Co.,  Inc.,  460  Weft 
34th  St.,  New  York  1,  N.  Y. 

Hubbell,  Inc.,  Harvey,  Bridgeport  2,  Conn. 

Insuline  Corp.  of  America,  38-02  35th 

„ Ave.,  Long  Island  City,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Millen  Mfg.  Co.,  James,  150  Exchange 
St.,  Malden,  Mass. 

Mykroy,  Inc.,  1917  N.  Springlield  Ave.. 
Chicago  47,  111. 

National  Co.,  Inc.,  61  Sherman  SL,  Mal- 
den 48,  Mass. 

National  Fabricated  Products,  2650  Bel- 
den  Ave.,  Chicago  47,  111. 

National  Tile  Co.,  1200  East  26th  St, 
Anderson,  Ind. 

Philmore  Mfg.  Co.,  113  University  Place, 
New  York,  N.  Y. 

Precision  Specialties,  220  No.  Western 
Ave.,  Los  Angeles,  Calif. 

Radio  Corp.  of  America,  Tube  Div.,  RCA 
Harrison,  N.  J. 

Remler  Co.,  Ltd.,  2101  Bryant  St,  San 
Francisco  10,  Cal. 

Standard  Winding  Corp.,  44-62  Johnea  St, 
Newburgh,  N.  Y. 

Ucinite  Co.,  459  Watertown  St,  Newton- 
ville,  Mass. 

United-Carr  Fastener  Corp.,  31  Ames  8t, 
Cambridge  42,  Mass. 

Westinghouse  Electric  Corp.,  East  Pitta- 
burgh,  Pa. 


Solder. 


Solder  Flux. 


see  Flax,  Solder 


Soldering  Irons. 

see  Irons,  Solder 


1% 


Allen  Co.,  Inc.,  L.  B.,  6730  Bryn  Mawr 
Ave.,  Chicago  31,  111. 

Alpha  Metals,  Inc.,  363  Hudson  Ave., 
Brooklyn  1,  N.  Y. 

American  Brass  Co.,  Waterbury  88.  Conn. 

Belmont  Smelting  & Refining  Works,  Inc., 
330  Belmont  Ave,,  Brooklyn  7.  N.  Y. 

Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91,  Conn. 

Division  Lead  Co.,  836  W.  Kinxie  St. 
Chicago  22,  111. 

Dunton  Co.,  M.  W.f  670  Eddy  St,  Provi- 
dence 3,  R.  I.  ^ 

Eutetic  Welding  Alloys  Co.,  40  Worth  St, 
New  York,  N.  Y.  t „ 

Gardiner  Metal  Co.,  4820  S.  Campbell 
Ave.,  Chicago  32,  111. 

General  Electric  Co.,  Bridgeport,  Conn. 

General  Plate  Div.,  Metals  & Control 
Corp.,  34  Forest  St.,  Attleboro.  Mara. 

Glaser  Lead  Co.,  Inc.,  31  Wycoff  Ave., 
Brooklyn,  N.  Y. 

Goldsmith  Bros.  Smelting  & Refining  Co., 
58  East  Washington  St,  Chicago,  «*• 

Handy  & Harman,  82  Fulton  St,  Ne* 
York  7,  N.  Y.  ,r  ^ 

Industrial  Screw  & Supply  Co.,  745  w. 
Lake  St,  Chicago  6,  111. 

Kester  Solder  Co.,  4212  Wrightwood  Ave., 
Chicago  39,  111.  _ .. 

Lenk  Mfg.  Co.,  Newton  Lower  Falla. 
Mass. 

Makepeace  Co.,  D.  E.,  Attleboro,  Mass. 

National  Lead  Co.,  Ill  Broadway,  New 
York  6,  N.  Y.  „ XT  „ 

New  York  Solder  Co.,  15  Crosby  St,  New 
York,  N.  Y.  „ 

Ruby  Chemical  Co.,  68  McDowell  St, 
Columbus  1,  Ohio 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 
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Sound. 


COMPLETE  SOUND  SYSTEMS 

Altec  Lansing  Corp.,  1680  N.  Vine  St, 
Los  Angeles  28,  Cal.  , _ , 

American  Radio  Co.,  611  E.  Garfield  Ave., 
Glendale,  Calif.  ^ _ 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y.  ^ _ , 

Atlas  Sound  Corp.,  1443  39th  St,  Brook- 
lyn. N.  Y. 

Banks  Mfg.  Co.,  1105  W.  Lawrence  Ave., 
Chicago  40,  111. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upper  Darby,  Pa. 

Bell  Sound  Systems,  Inc.,  1183  Essex  Ave., 

Columbus,  Ohio  __  , 

Belmont  Radio  Corp.,  5921  W.  Dickens 
Ave.,  Chicago,  111. 

Bogen  Co.,  David,  663  Broadway,  New 
York  12,  N.  Y. 

Bond  Products  Co.,  13139  Hamilton  Ave., 
Detroit,  Mich.  „„„  _ 

Boom  Electric  Amplifier  Corp.,  1227  W. 

Washington  Blvd.,  Chicago,  1U. 
Carlllitone  Mfg.  Corp.,  30  N.  Penn  St., 
York,  Pa.  . 

Chicago  Sound  Systems  Co.,  2124  S.  Mich- 
igan Ave.,  Chicago,  III 
Dllks,  Inc.,  Norwalk,  Conn. 

Eastern  Amplifier  Con?.,  794  East  140th 
St,  Bronx  54,  N.  Y. 

Eastern  Electronics  Corp.,  41  Chestnut  St, 
New  Haven,  Conn. 

Eckstein  Radio  A Television  Co.,  914  La- 
Salle Ave.,  Minneapolis  2,  Minn. 
Electronic  Sound  Engineering  Co.,  109  N. 

Dearborn  St,  Chicago  2,  111. 

Electronic  Transformer  Co.,  207  West 
25th  St.,  New  York,  N.  Y. 

Erwood  Co.,  223  W .Erie  St.,  Chicago,  111. 
Executone,  Inc.,  415  Lexington  Ave.,  New 
York  17,  N.  Y. 

Federal  Instrument  Co.,  3931  47th  Ave., 
Long  Island  City  4,  N.  Y. 

Gates  Radio  Co.,  220  Hampshire  St, 
Quincy,  111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Gibson,  Inc.,  225  Parsons  St,  Kalamazoo, 
Mich. 

Globe  Phone  Mfg.  Corp.,  2 Linden  St, 
Reading,  Mass. 

Godfrey  Mfg.  Co.,  171  S.  2nd  St,  Mil- 
waukee 4 \V  isc. 

Good  all  Electric  Mfg.  Co.,  320  N.  Spruce 
St,  Ogallala,  Neb. 

Guided  Radio  Corp.,  161  Sixth  Ave.,  New 
York  13,  N.  Y. 

Halstead  Traffic  Communications  Corp., 
155  East  44th  St.,  New  York,  N.  Y. 
Harris  Mfg.  Co.,  2422  W.  Seventh  St, 

Los  Angeles  5,  Calif.  

Herbach  A Rademan  Co.,  Mfg.  Div.,  517 
Ludlow  St,  Philadelphia  £ Pa. 

Higgins  Industries,  Inc.,  2221  Warwick 
„ Ave.,  Santa  Monica,  Calif. 

Hofmann  Corp.,  C.  L.,  436  Boulevard  of 
„ the  Allies,  Pittsburgh,  Pa. 

Holtzer-Cabot  Signal  Dlv.,  400  Stuart  St, 
Boston  17,  Mass. 

Hudson  American  Corp.,  25  W.  43rd  St, 

. New  York,  N.  Y. 

Industrial  Sound  Products  Co.,  8517  Mis- 
slon  St,  San  Francisco,  Calif. 
Knickerbocker  Development  Corp.,  11# 

_ Little  St,  Belleville  9.  N.  J. 

Langevin  Co.,  Inc.,  37  W.  66th  St,  New 
. York,  N.  Y. 

Laurehk  Radio  Mfg.  Co.,  8981  Monroe 
Ave.,  Wayne,  Mich. 

Lifetime  Sound  Equipment  Co.,  1101 
T . Adams  8t.,  Toledo,  Ohio 
Llncrophone  Co.,  1661  Howard  Ave.,  Utica, 
N.  Y. 

Malco  Co.,  Inc.,  26  North  3rd  St,  Mlnne- 
apolis,  Minn. 

Meek  Industries,  John,  Liberty  St,  Ply- 
w mouth,  Ind. 

Megard  Corp.,  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Meissner  Mfg.  Co.,  Dlv.  Maguire  Indus- 
m_,.  tries,  Mt  Carmel,  I1L 
Miles  Reproducer  Co.,  Inc.,  812  Broadway, 
New  York,  N.  ?. 

Minerva  Corp.  of  America,  238  William 
i XT  a St,  New  York  7,  N.  Y. 

I National  Inter-Communicating  Systems, 
2434  Montrose  Ave.,  Chicago  18,  111. 
National  Union  Radio  Corp.,  16  Wash- 
ington St,  Newark  2,  N.  J. 
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Newcomb  Audio  Products  Co.,  2815  S. 

Hill  St.,  Los  Angeles  18,  Calif. 
Northern  Communications  Mfg.  Co.,  210 
East  40th  SL,  New  York,  N.  Y. 
Operadlo  Mfg.  Co.,  SL  Charles,  111 
Pacific  Electronics,  Sprague  at  Jefferson 
SL,  Spokane,  wash.  „„  _ . 

Pacific  Sound  Equipment  Co.,  1534  Canu- 
enga  Blvd,,  Hollywood,  Calif. 

Philco  Corp.,  Tioga  & "C  Sts.,  Phlladel- 

Powers8, Electronic  & Communication  Co., 
Inc.,  Glen  Cove,  N.  Y. 

Racon  Electric  Co.,  Inc.,  52  E.  19th  St, 

RadioeCoip?  of  America,  RCA  Victor  Div., 

Radio  Laboratories,  Inc.,  2701  California 
Ave  Seattle  6,  Wash. 

Radio  Receptor  Co.,  251  West  19th  St, 
New  York  11,  N.  Y. 

Radolek  Co.,  601  W.  Randolph  St.,  Chi- 
cago 6,  111.  . . 

Rauland  Corp.,  4245  N.  Knox  Ave.,  Chl- 
000*0  41  111. 

Record-O-Po’x,  Inc.,  721  N.  Martel  Ave., 
Hollywood  46,  Calif. 

Regal  Electronics  Corp.,  20  West  20  SL. 
New  York,  N.  Y. 

Rehtron  Corp.,  4313  Llnooln  Ave.,  Chl- 

Remlert0Co.*' 2101  Bryant  SL,  San  Fran- 

Rlchardson-Allen  Corp.,  15  West  20th  SL, 

Riggs*6*  Jeffreys,'  Inc.,  73  Wlnthrop  SL, 

Roblna^Houchln  Optical  Co.,  Radiotone 

Rosen**  Co’U^U/mond,°32nd  & Walnut 

RubyS<l'fecPt?fe1P«9  ‘seventh  Ave.,  New 

S oTs^CInema  Supply  Corp.,  449  West 

Schulmerfch  • EllctronT^'  Co.,  Sellersvllle. 

Scientific  Radio  Products  Co.,  738  W. 

Broadway,  Council  Bluffs,  ^wa 
Setchell  Carlson,  Inc , 2233  University 

SherWan'ElecSonics’Corp.,  2850  S.  Michi- 

Simp^on  "Mfg.  ^ 188  W* 

Fourth  St,  New  York,  N.  YAaUfnrnlAm 
Sound  Equipment  Corp.  of  California, 
3903  San  Fernando  Road,  Gienaaie 

Springfield  Sound  Co.,  Electronics  Dlv.,  1* 
Cass  SL,  Springfield,  Mass. 

Stark  Sound  Engrg.  Corp.,  Box  498.  Fort 

Strombe: X-Carleon  Co.,  100  Carlson  Rd.. 
Tayb^f  Equfement-  Co.  120  Greenwich 
Tech-M'aXe?  Pr^ucte^o.,'  US  Prince  SL. 
WatersWCOTUey  Co.,  501  First  SL,  N.  W.. 
Webftef  E“ctHcnC0..  1900  Clark  SL, 
Western*  Electric1' Co.,  Inc.,  120  Broadway. 
New  York  5,  N.  Y.  laboratories, 

TsL  PtKe.,  Milwaukee, 

Wise. 


Barnes  Co.,  Wallace,  Div.  of  Associated 
Spring  Corp.,  Bristol,  Conn. 

Barnes-Gibson-Raymond  Div.  of  Asso- 
ciated Spring  Corp.,  6400  Miller  Ave., 
Detroit  11,  Mich. 

Chatillon  & Sons,  John,  8o-93  Cliff  St, 
New  York  7,  N.  Y. 

Cleveland  Wire  Spring  Co.,  1281  East 
38th  Street,  Cleveland,  Ohio 

Cuyahoga  Spring  Co.,  10272  Berea  Rd., 
Cleveland,  Ohio  , . . 

Dunbar  Bros.  Co.,  Div.  of  Associated 
Spring  Corp.,  76  South  St.,  Bristol, 

GarrettTco.,  Inc.,  George  K.,  1421  Chest- 
nut St,  Philadelphia  2,  Pa. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 

GIbson°CCo°r<W’m!'  D„  Dlv.  of  Associated 
Spring  Corp.,  1800  Clybourn  Ave., 

Hubbar^ifpring  Co.,  M.  D.,  Central  Ave., 
Pontiac,  Mich.  . . 

Hunter  Pressed  Steel  Co.,  Lansdale,  Pa. 

Industrial  Screw  & Supply  Co.,  713  W. 

Instrumenf^^ciaftles  bo.,  246  Bergen 

Jone?,^.nVtS.F«  lJ24  E.  Seventh 
St,  Cincinnati.  Ohio 

Lee  Spring  Co.,  30  Main  St,  Brooklyn, 

Lizen'Mfg.  Co.,  6832  S.  Chicago  Ave., 

Manro8sCa!°Son:  F*V  Dlv.  of  Associated 

MldSXrSS'“»  S.  west, 
em  Ave.,  Chicago  9.  111. 

Muelhausen  Spring  Corp  , 255  Michigan 
Ave.,  Logansport,  Ind. 

Newcomb  Spring  Corp.,  238  40th  SL, 
Brooklyn  32,  N.  Y. 

Peck  Spring  Co.,  Plain ville.  Conn 

Precision  Products  Co.,  26  Bedford  SL, 
Waltham,  Mass.  _ 

Raymond  Mfg.  Co.,  Dlv.  of  Associated 
3 Spring  Corp.,  226  S.  Center  SL, 

RellaW^Spring  A Wire  Fmrns  Co.,  3167 
Fulton  Rd.,  Cleveland  9.  Ohio 

Schott  Co.,  Walter  ^ 9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 

Tuck  Mfg.  Co.,  74  Ames,  Brockton  46, 

Union  Spring  & Mfg.  Co.,  New  Kensington, 

Wickwlre  Spencer  Steel  Co.,  500  Fifth 
Ave.,  New  York,  N.  Y. 


Sound  Recorders _ 

see  Recorder*,  Sound 


Speakers. 


Loudspeakers 


Springs. 


Stabilizers. 


VOLTAGE  STABILIZERS 

•ee  Regulator. 


Stampings. 


Accurate  Spring  Mfg.  Co.,  2811  W.  lake 

AU-WeaSer°1spr'lnga,  140  Cedar  St,  New 

American  6<ion'  Spring  Co.,  2034  Keating 
Ave.,  Muskegon,  Mien.  kkoh 

American  Spiral  Spring  & Mfg.  Co.,  6528 

American^Sprmg  & Wire  Ots., 

ArtWfrKe'*C,l"ng13Cc?.h2027  High  St. 

Newark  2,  N.  J. 


METAL  STAMPINGS.  Small 

Aoe  Manufacturing  Corpn  1«5  East  Erie 
Ave  Philadelphia,  Pa. 

Allegheny  Ludlum  Steel  Corp.,  Bracken- 

Amerlcan  Br^ss  Co.  Watwbury  88,  Conn. 

iSSSS  N?tblrB^t''F«?eaAer'Co..  3045 
DoS?r  St.,  Pittsburgh,  Pa 

-«u^n°  ¥SSS%&  MlV“ 

^#rN^dfngTecM>t' 

Aray  Mfg-'  <*..  3107  Plne  St" 

St  Louis  3,  Mo.  997  ctifH  St 

Art  Wire  A Stamping  Co.,  227  High  St, 

...  NnvSTl5A!'Destgn  Co.,  Castor  & Ken- 
AtIaSj^ln\veS  Philadelphia  24,  Pa. 
BankL  ft??.  Co.,  Il05  W.  Lawrence  Ave.. 

Barte?,CAgWltn'am»on,  235  Fairfield  Ave.. 

Up^r  Darby^ra.  o(  AMOcl. 

““"SE?1 ‘SSinfISrp,  6400  Miller  Ave., 

Chas^Br^rCopper’co^^nc.,  236  Grand 
ColefteeTlqu’ip'Sent,  349  Broadway.  New 
Corry-Jarnestown  Manufacturing  Corp.. 
Corry.  Pa 
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Westinghouse  Elec.  Corn, 
Bloomfield.  N.  J. 
Westinghouse  Electric  Cent 
burgh,  Pa. 

Wlllor  Mfg,  Co..  791  East  LI 
York  54,  N.  Y. 
Zierlck  Mfg.  Corp.,  385  Gera 
York,  N.  Y. 


Sylvania  Electric  Products,  Inc.,  500  Fifth 
Av?  New  York  18,  N.  Y. 

Thermador  Electric  Mfg.  Co.,  5119  S.  Riv- 
erside Dr.,  Los  Angeles,  Calif. 

Thomas  & Skinner  Steel  Prod  Co.,  1120 
E.  23rd  St.,  Indianapolis.  Ind. 

Tricon  Manufacturing  Co.,  8318  S.  Racine 
Ave..  Chicago,  111. 

Ucinite  Co.,  459  Watertown  St,  Newton- 
vllle.  Mass.  _ „„„  _ 

Union  Aircraft  Products  Corp.,  380  Second 
Ave.,  New  York,  N.  Y. 

United-Carr  Fastener  Corp.,  31  Ames  St, 
Cambridge  42,  Mass. 

Waters  Conley  Co..  501  First  St.,  N.W., 
Rochester,  Minn. 

Webster-Chicago  Corp.,  Manufacturing 
DIv.,  5622  Bloommgdale  Ave.,  Chi- 
cago 39.  111. 

Western  Brass  Mills,  Div.  of  Olln  Indus- 
tries, East  Alton.  111. 

Whitehead  Stamping  Co..  1691  W.  Lafay- 
ette Blvd..  Detroit  16,  Mich. 

Wlllor  Mfg.  Co.,  794  East  140th  St.,  New 
York  53,  N.  Y. 

Worcester  Pressed  Steel  Co.,  100  Barber 
Ave.,  Worcester,  Mass. 

Wrought  'Washer  Mfg.  Co.,  2100  S.  Bay 
St.,  Milwaukee  7,  Wise. 

Wyse  Laboratories,  211  S.  Ludlow  St., 
Dayton  2,  Ohio 

Zell  Co..  538  Broadway,  New  York  12, 
N.  Y. 

Zierlck  Mfg.  Corp.,  385  Gerard  Ave.,  New 
York,  N.  Y. 

NON-METALLIC  STAMPINGS,  Small 

Aircraft  Products  Co.,  3502  E.  Pontiac  St, 
Fort  Wayne  1,  Ind. 

Aray  Mfg.  & Supply  Co.,  3107  Pine  St„ 
St.  Louis  3,  Mo. 

Auburn  Mfg.  Co.,  110  Stack  St,  Middle- 
town,  Conn. 

Baer  Co.,  N.  S.,  9 Montgomery  St,  Hill- 
side, N.  ,T. 

Barker  & Williamson,  235  Fairfield  Ave., 
Upner  Darby,  Pa. 

Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91.  Conn. 

Continental-Diamond  Fibre  Co.,  16  Chapel 
St..  Newark.  Del, 

Diamond  Tool  Replacements  Div.,  Oscap 
Mfg.  Co..  207  W.  Saratoga  St,  Balti- 
more 1,  Md. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 

Eleetronic  Supply  Co.,  207  Main  St, 
Worcester.  Mass. 

Franklin  Fibre-Lamitex  Corp.,  Wilming- 
ton, Del. 

Franklin  Mfg.,  A,  W.,  175  Varick  St, 
New  York,  N.  Y. 

Hopp  Press,  Inc.,  460  West  34th  St,  New 
York.  N.  Y. 

Industrial  Screw  & Supply  Co.,  713  W. 
Lake  St.,  Chicago  6.  Hi. 

Insulating  Fabricators.  Inc.,  12  East  12th 
St.,  New  York  3,  N.  Y. 

Insulation  Manufacturers  Corp.,  565  W. 
Washington  Blvd.,  Chicago  6,  111. 

Irvington  Varnish  & Insulator  Co.,  10  Ar- 
gyle  Terrace.  Trvington  11,  N.  J 

Kulka  Electric  Mfg.  Co.,  Inc.,  30  South 
St.,  Mt.  Vernon,  N.  Y. 

Mica  Insulator  Co.,  200  Varick  St,  New 
York  14,  N.  Y. 

Mica  Products  Mfg.  Co.,  69  Wooster  St., 
New  York,  N.  Y. 

Munsell  & Co.,  Eugene,  200  Varick  St, 
New  York,  N.  Y. 

National  Vulcanized  Fibre  Co.,  Maryland 
Ave.,  Wilmington,  Del. 

Paneivte  Div.,  St.  Regis  Paper  Co.,  230 
Park  Ave..  New  York,  N.  Y. 

Penn  Fibre  & Specialty  Co.,  2030  E.  West- 
moreland St..  Philadelphia  34.  Pa, 

Plastic  Fabricators  Co.,  440  Sansome  St. 

San  Francisco  11,  Calif. 

Premax  Products  Div..  Chisholm-Ryder 


Croname,  Inc.,  3701  Ravenswood  Ave., 
Chicago,  111-  _ _ ~ c, 

Dahlstrom  Metallic  Door  Co.,  Buffalo  St., 
Jamestown,  N.  Y. 

Dayton  Rogers  Mfg.  Co.,  283o  12th  Ave., 
South,  Minneapolis  7,  Minn. 

Diamond  Tool  Replacements  Div.,  Oscap 
Mfg.  Co.,  Baltimore  1,  Md. 

Diebel  Die  & Mfg.  Co.,  3654  N.  Lincoln 
Ave.,  Chicago,  111.  __  ... 

Eastern  Specialty  Co.,  3617-19  N,  Eighth 
St,  Philadelphia  40,  Pa. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 

Electronic  Supply  Co.,  207  Main  St, 
Worcester,  Mass. 

Engineering  Co.,  27  Wright  St„  Newark, 
N.  J. 

Erie  Art  Metal  Co.,  1602  East  18th  St, 
H^rie 

Erie  Can  Co.,’  816  W.  Erie  St.,  Chicago  22, 

Franklin  Mfg.  Corp.,  A.  W„  175  Varick 
St,  New  York,  N.  Y. 

Garrett  Co.,  Inc.,  George  K.,  1421  Chest- 
nut St.,  Philadelphia  2,  Pa. 

Goat  Metal  Stampings,  Inc.,  314  Dean  St, 
Brooklyn,  N.  Y. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nebr. 

Grammes  & Sons,  L.  F.,  389  Union  St, 
Allentown  2,  Pa. 

Heyman  Mfg.  Co.,  Kenilworth,  N.  J. 

Hubbard  Spring  Co.,  M.  D„  573  Central 
Ave.,  Pontiac,  Mich. 

Hunter  Pressed  Steel  Co.,  Lansdale,  Pa. 

Industrial  Screw  & Supply  Co.,  713  W. 
Lake  St,  Chicago  6,  111. 

Insuline  Corp.  of  America,  36-02  35th  Ave., 
Long  Island  City,  N,  Y. 

King  Laboratories,  Inc.,  205  Oneida  St, 
Syracuse  4,  N.  Y. 

Kulka  Electric  Mfg.  Co.,  Inc.,  30  South 
St,  Mt.  Vernon,  N.  Y. 

Lewyt  Corp.,  60  Broadway,  Brooklyn,  N.  Y. 

Lizen  Mfg.  Co..  6832  S.  Chicago  Ave.,  Chi- 
cago 37,  111. 

Manufacturers  Screw  Products  Co.,  270 
W.  Hubbard  St.,  Chicago,  111. 

Master  Industries,  Inc.,  2415  Prairie  Ave., 
Chicago  16,  111. 

Metallic  Arts  Co.,  243  Broadway,  Cam- 
bridge, Mass. 

Mica  Products  Mfg.  Co.,  69  Wooster  St., 
New  York,  N.  Y. 

National  Co.,  Inc.,  61  Sherman  St.,  Mal- 
den 48,  Mass, 

National  Mineral  Co.,  2628  N.  Pulaski  Rd.. 
Chicago  39,  111. 

New  England  Etching  & Plating  Co  , 25 
Spring  St,  Holyoke,  Mass. 

Oiljack  Mfg.  Co.,  Inc.,  Montclair,  N.  J. 

Olympic  Tool  & Mfg.  Co.,  37  Chambers  St.. 
New  York  7,  N.  Y. 

O’Nell-Irwln  Mfg.  Co.,  316  Eighth  Ave.  S.. 
Minneapolis  15.  Minn. 

Patton-MacGuyer  Co.,  17  Virginia  Ave., 
Providence  5,  R.  I. 

Penn  Fibre  & Specialty  Co.,  2030  E.  West- 
moreland St,  Philadelphia  34,  Pa. 

Porter  Metal  Products,  121  Ingraham  St., 
Bklyn  6,  N.  Y, 

Precision  Fabricators,  Inc.,  120  N.  Fltz- 
hugh  St,  Rochester,  N,  Y. 

Premax  Products  Div.,  Chisholm-Rvder 
Co.,  Niagara  Falls  2,  N.  Y. 

Quadriga  Mfg.  Co.,  213  W.  Grand  Ave., 
Chicago  11,  111. 

Radiad  Service,  720  West  Schubert  Ave., 
Chicago  14,  III. 

Radio  Corp.  of  America,  Tube  Div.  RCA. 
Harrison,  N.  J. 

Raymond  Mfg.  Co..  Div.  of  Associated 
Spring  Corp.,  226  S.  Center  Street, 
Corry,  Pa. 

Revere  Copper  & Brass  Inc.,  230  Park 
Ave.,  New  York  17,  N.  Y. 

Richardson-Alien  Corp..  15  West  20th  St. 
New  York  11,  N.  Y. 

Schott  Co.,  Walter  L.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 

ScoviU  Mfg.  Co.,  99  Mill  St,  Waterbury 
91,  Conn. 

Small  Motors.  Inc.,  1322  Elston  Ave.. 
Chicago  22,  III. 

Smith  Mfg.  Co.,  Nathan  R„  105  Pasadena 
Ave.,  South,  Pasadena,  Calif. 

Stamford  Metal  Specialty  Co.,  428  Broad- 
way. New  York  13,  N.  Y. 

Standard  Pressed  Steel  Co.,  Jenkintown, 
Pa. 

Stanley  Works,  New  Britain,  Conn. 

Stewart  Stamping  Corp.,  630  Central  Park 
Ave.,  Yonkers  4,  N.  Y. 

Stimpson  Co.,  Inc.,  Edwin  B.,  74  Franklin 
Ave.,  Brooklyn  5,  N.  Y. 

Swedish  Iron  & Steel  Corp.,  17  Battery 
Place,  New  York,  N.  Y. 


Standards. 


CAPACITANCE  STAHDJ 

Comell-Dubiller  Electric  Com, 
ilton  Blvd.,  South  Plaioi 
Eastern  Electronics  Corp.,  41  ( 
New  Haven,  Conn. 
General  Radio  Co.,  275  H 
Ave.,  Cambridge  59.  Mm 
Goodall  Electric  Mfg.  Co.,  119 
St,  Ogallala,  Nebr, 
Hewlett-Packard  Co.,  995  ft| 
Palo  Alto,  Calif. 
Industrial  Instruments,  Inc, 
Ave..  Jersey  City  5,  N,  J. 
Leeds  & Northrup  Co.,  4979  3 
Philadelphia  44,  Pa. 
RIchardson-Allen  Corp.,  15  W 
New  York  11,  N.  Y. 
Standard  Instruments  Corp,  i 
Ave.,  New  York  55,  N.  Y 
White  Research,  899  Boylstoa 

Winslow  Co.,  9 Liberty  St 
N.  J. 

Winters  & Crampton  Corp, 
Ave.,  Grandville,  Michigan 

FREQUENCY  STANMI 

Aero  Communications,  Inc,. 

St.,  Hempstead,  Long  Islni 
Aireon  Manufacturing  Corp., 
Funston  Rds.,  Kansas  City 
American  Time  Products.  Inc, 
Ave.,  New  York  19,  X.  Y 
Barker  & Williamson,  255  Fail 
Upper  Darby,  Pa 
Browning  Labs.,  Inc.,  750  Mai» 
Chester,  Mass. 

Burnett  Radio  Lab.,  Wm.  ff, 
Idaho  St,  San  Diego,  Call 
Conn,  Ltd.,  C.  G.,  Elkhart,  Ir.l 
Crystal  Research  Labs,  Inc,  W 
Hartford,  Cohn. 

Eastern  Electronics  Corp.,  11 
St,  New  Haven,  Conn. 
Eidson’s,  1309  N.  Second  St, 
Texas  _ , 

Electro  Products  Laba,  549  W.  I 
St,  Chicago,  I1L 
Erco  Radio  Laba,  Inc,  Fenia* 
Hempstead,  N.  Y. 

Espey  Mfg.  Co.,  Inc.,  33  West  I 
New  York  19,  N.  Y. 
Ferris  Instrument  Co.,  110-111 1 
St.,  Boonton,  N.  J. 
Gaertner  Scientific  Corp.,  INI 
wood  Ave.,  Chicago,  III 
General  Communication  Co.,  53}  C 
wealth  Ave.,  Boston  15,  Mas 
General  Crystal  Corp.,  1775  Fust 
Schenectady,  N.  Y. 

General  Electric  Co„  Schenectady 
General  Radio  Co.,  275  Mia* 
Are.,  Cambridge  39,  Mass 
Gibbs  & Co.,  Thomas  B..  Din 
George  W,  Borg  Corp.,  914  * 
St.,  Delavan,  Wise  J 
Goodall  Electric  Mfg.  Co.,  329  .V 
St,  Ogallala,  Nebr.  J 
Hallicrafters  Co.,  2611  Indiana 
cago  16,  HL  ...  _ „ 
Hearing  Aid  Laba,  1404  H*™ 
Michigan  City,  Ind.  _ 
Herbach  & Rademan  Co.,  Mff ■ « 
Ludlow  St,  Philadelphia  5,  Pi 
Hewlett-Packard  Co.,  395  Page  ■ 
Palo  Alto,  Calif.  - 

Higgins  Industries,  Inc,  3231  "I 
Ave.,  Santa  Monica,  Calit 
Jefferson,  Inc.,  Ray,  40  E.  Mims 
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Radio  Corp.  of  America,  RCA  Victor  Dtv„ 
Rieber^nc”'  Frank,  11916  W,  Pico  Blvd., 

Scientific  Apted?o  ^redacts  Co..  738  W. 

Broadly,  Council  Bluffs,  Iowa 
Standard  Instruments  Corp.,  568  Prospect 
Ave.,  New  York  55,  N.  Y. 

White  Research,  899  Boylston  St.,  Boston, 


INDUCTANCE  STANDARDS 

Eastern  Electronics  Corp.,  41  Chestnut 
St,  New  Haven,  Conn. 

Electronic  Transformer  Co.,  207  West 
25th  St,  New  York,  N.  Y. 

General  Radio  Co.,  275  Massachusestts 

He^eI,%aCcaua^ldC^,33995^|e  MU.  Kd„ 

Leeds8*0 N^rthrup^Co.,  4970  Stenton  Ave., 

NewPTork  transformer"  Co.,  26  Waverly 

Richardson ^A He n^  Corp.’,  ?5  West  20th  St., 

S-W^ndfuctoi^Co1,'  1066  N.  Wood  SL,  Chi- 
cago,  111. 

Standard’  Instruments  Corp.,  568  Prospect 
Ave.,  New  York  55,  N.  Y.  _ 

United  Transformer  Corp.,  150  VarlcK  at., 

WhiteeResearch,  899  Boylston  St,  Boston, 
Mass. 

RESISTANCE  STANDARDS 

Eastern  Electronics  Corp.,  41  Chestnut 
St,  New  Haven,  Conn. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Radio  Co.,  276  Massachusetts 
Ave.,  Cambridge  39,  Mass  . 

Hickok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 
Industrial  Instruments,  Inc.,  156  Culver 
Ave.,  Jersey  City  6,  N.  J. 

Instrument  Resistors  Co.,  25  Amity  at, 

Little  Falls,  N.  J.  _ . 

International  Resistance  Co.,  401  N.  Broad 
St.  Philadelphia  8,  Pa. 

Leeds  & Northrup  Co.,  4970  Stenton  Ave., 
Philadelphia  44,  Pa.  w A .... 

Richardson- Allen  Corp.,  15  West  20  th 
St,  New  York  11,  N.  Y. 

Rubicon  Co.,  3751  Ridge  Ave.,  Philadel- 
phia, Pa.  „ 

Scientific  Radio  Products  Co.,  738  W. 

Broadwav,  Council  Bluffs,  Iowa 
Shallcross  Mfg.  Co.,  10  Jackson  Ave., 

Collingdale,  Pa  . 

White  Research,  899  Boylston  St,  Boston, 
Mass. 


Rauland  Corp.,  4246  N.  Knox  Ave.,  Chi- 

Shurtf^rothers,’  225  W.  Huron  St.,  Chi- 
cago 111. 

Simpson  Mfg.  Co.,  Mark,  188  W.  Fourth 
St,  New  York,  N.  Y. 

Turner  Co.,  Cedar  Rapids,  Iowa 

Universal  Microphone  Co.,  424  Warren 
Lane,  Inglewood,  Cal.  

Western  Electric  Co.,  InCj,  120  Broad- 
way, New  York  5,  N.  Y. 

SPEAKER  STANDS 

Aray  Mfg.  & Supply  Co.,  3107  Pine  St, 
St  Louis  3,  Mo. 

Art  Specialty  Co.,  3245  Lake  St,  Chi- 
cago 1 11. 

AtlasSound  Corp.,  1443  39th  St,  Brook- 
lyn N.  Y. 

Electronic  Sound  Engineering  Co.,  109  N. 
Dearborn  St.,  Chicago  2,  111. 

Erwood  Co.,  223  W.  Erie  St,  Chicago,  111. 

Lifetime  Sound  Equipment  Co.,  1101  Ad- 

Raco^r^lectrlc0Co.?’lnc.,  52  E.  19th  St, 

Radi?eCorp01of  America,  RCA  Victor  Div., 

Simeon  mPk.  Cosine.,  188  W.  Fourth  St, 

Vac-O-Orlp°Oo'.,I2026'  Detroit  Ave.,  Toledo 

6,  Ohio 


Stands. 


Steel. 


MICROPHONE  STANDS 

American  Microphone  Co..  1916  S.  Western 
Ave.,  Los  Angeles,  Cal.  _ _ , 

Amperite  Co.,  561  Broadway,  New  York, 
N.  Y. 

Art  Specialty  Co.,  8245  Lake  St,  Chicago, 

111. 

Astatic  Corp.,  Conneaut,  Ohio  _ 

Atlas  Sound  Corp.,  1443  39th  St.,  Brook- 
lyn, N.  Y. 

Bell  Sound  Systems,  Inc.,  1183  Essex  Ave., 
_ Columbus,  Ohio  _ 

Bud  Radio,  Inc.,  2118  E.  55th  St,  Cleve- 
„ land  3,  Ohio  „ W1  . 

Chicago  Sound  Systems  Co.,  2124  S.  Mich- 
_ isan  Ave.,  Chicago,  I1L 
Eastern  Mike-Stand  Co.,  56  Christopher 
Ave.,  Brooklyn  12,  N.  Y. 

Electro  voice  Corp.,  South  Bend  24,  Ind. 
Electronic  Sound  Engineering  Co.,  109  N. 
„ Dearborn  St.,  Chicago  2,  111. 

Erwood  Co.,  223  W.  Erie  St,  Chicago,  111. 
Gates  Radio  Co.,  220  Hampshire  St, 
Quincy,  111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Lifetime  Sound  Equipment  Co.,  1101 
Adams  St,  Toledo,  Ohio 
Miles  Reproducer  Co.,  Inc.,  812  Broad- 
way,  New  York,  N.  Y.  „ 

Newcomb  Audio  Products  Co.,  2815  a Hill 
St.,  Los  Angeles  18,  Cal. 

Oleson  Illuminating  Co.,  Ltd.,  Otto,  1560 
Vine  St,  Hollywood  28,  Calif. 

Racon  Electric  Co.,  Inc.,  52  East  19th 
_ St,  New  York  3,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radolek  Co.,  601  W.  Randolph  SL,  Chi- 
cago 6,  111. 

ELECTRONICS  — November  194S 


ELECTRICAL  STEEL 

see  Metals 


Strain  Gauges _ 


see  Gauges,  Strain 


Strips _ 


TERMINAL  STREPS 

see  Posts 


Stroboscopes. 


Aerolux  Bight  Corp.,  658  11th  Ave.,  New 

American  Time  ' ProductB,  Inc.,  680  Fifth 
Ave.,  New  York  19,  N.  Y. 

Communication  Measurements  Ij.b.,  180 
Greenwich  SL,  New  York,  N.  Y. 

Conn,  Ltd.,  C.  G.,  Elkhart,  Inf  K „ v 
General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Radio  Co.,  275  Massachusetts 

KnlckeL toc^e^^Devtlopment^Corp.,  116 

X fLT  & Bce?rl’i?l9^kJ"Ham.non 

Parkway,  Brooklyn,  N.  Y. 
Richardson -Allen  Corp.,  15  West  20th  SL, 
New  York  11,  N.  Y.  , 

Saxl  Instrument  Co.,  88-40  James  SL, 
East  Providence  14,  R-  L _ - 

Welch  Scientific  Co.,  W.  M„  1515  Sedg- 
wick SL,  Chicago  10,  11L 


Switches _ 


LOOT  SWITCHES 

Aero  Electric  Co..  1806  Superior  Ave., 
Allen^-Bradley’co?!  136  W.  Greenfield  Ave.. 
Allle^Control6 Co.,  Inc.,  2 East  End  Ave., 
ArayNeMVTArkSupP^  Co.,  3107  Pine  SL, 
Atlas L Products  Corp  30  Rockefeller 
Burimrins^mJntrkCo°:  253  "Springfield 
ClarA'&"'Co.?Warp.,N4719  Sunnyslde  Ave., 
Cutler- Hammer’  Inc,  315  North  12th  SL, 

Elec?roi?iaUControl  Co^.,  1673  E.  Forest 
St..  Detroit,  Mich  „ 

General  Electric  Co.,  f^enectadJ ' <m 

Hetherington  & Son,  Inc.,  RoberL  ianaroi 

Master  Electric  Co.,  126  Davla  Ave.,  Day- 
ton,  Ohio 


Mercold  Corp.,  4201  Belmont  Ave.,  Chicago 

Micro1’  Switch  Div.  of  First  Industrial 
Corp.,  7 Spring  SL,  Freeport,  111. 
Minneapolis-Honeywell  Regulator  Co., 
2763  Fourth  Ave.  S.,  Minneapolis, 

Mon Controller  Co.,  51  S.  Gay  SL, 
Baltimore  2,  Md. 

Mu-Switcli  Corp.,  Canton  31,  Maes. 
Photoswitch,  lnc  77  Broadway,  Cam- 

Richardson-Allerf  Corp.,  15  West  20th  St., 

Tita^CValver&  ^fg?  Co.,  9913  Elk  Ave., 
Cleveland,  Ohio  _ , . 

United  CInephone  Corp.,  65  New  Litchfield 
St.,  Torrlngton,  Conn. 

Ward  Leonard  Electric  Co.,  31  South  St., 
Mt  Vernon,  N.  Y.  . 

Westinghouse  Electric  Corp.,  East  Pltts- 

Worner^lectronic  Devices,  609  West  Lake 
St,  Chicago  6,  111. 

mercury  switches 

Adams  & Westlake  Co.,  Michigan  St, 

Aerohix^Ll^tit^Corp.,  653-llth  Ave.,  New 

Arrow-Hart  ’ft  Heg'eman  Electrlc  Co.,  108 
Hawthorne  St.,  Hartford,  Conn^ 

Bacon  Electric  Timer  Corp;,  4513  Brook- 
lyn Ave.,  Cleveland  9,  Ohio 
Brown  Instrument  Co.,  4428  Wayne  Ave., 
Philadelphia  44,  Pa*  , . 

Cole-Hersee  Co.,  64  Old  Colony  Ave.,  Boe- 

Durakoof/inaf^OlO  N.  Main  St.,  Elkhart 

Electric  Switch  Corp.,  14th  at  Union  St, 
Columbus,  Ind.  _ 

General  Electric  Co.,  Bridgeport,  Conn 
H-B  Electric  Co.,  6109  North  21st  St, 
Philadelphia  38,  Pa. 

Llttelfuse,  Inc..  4755  Ravenswood  Ave., 
MercSld^orp1.1  4201  Belmont  Ave.,  Chl- 

MinnSpolis-Honeywell 

2753  Fourth  Ave.,  S:,  Minneapolis, 

PassM&n  Seymour,  Inc.,  Solvay  Station, 

Spertt  Tne^Norwood  Station,  Cincinnati 

Westinghouse  Electric  Corp.,  East  Plttfl- 

York^Vlre  Arable  Div.,  General  Electric 
Co.,  Bridgeport,  Conn. 

PRECISION  SNAP  ACTION  SPRING 

Aero  Electric  Co.,  1305  Superior  Avenue, 

Col6-<HeerMenc’o.?54>  Old  Colony  Ave.,  Bos- 

Connecticut  Tefephone  & Electric  Div.  of 
Great  American  Industries,  Inc.,  70 
Brlttanla  St,  Meriden  Conn 
Cutler-Hammer,  Inc.,  315  North  12th  St, 
Milwaukee  1,  Wise. 

Electrical  Products  Supply  Co.,1140  Ven- 
ice  Blvd.,  Los  Angeles  16,  Calif. 
General  Control  Co.,  1200  Soldiers  Field 
Rd.,  Boston  34,  Mass.  XT  _ 

General  Electric  Co.,  Schenectady  5.  N.-  Y. 
Gray  Mil  CorpI,  1 N.  Pulaski  Rd.,  Chicago. 

Micro1' Switch  Div.  of  First  Indugtrlal 
Corp..  7 Spring  SL,  Freeport,  IlL 
Mu-Swltoh  Corp.,  38  Penult  SL,  Canton  31, 

PassM&S8Seymour,  Ino.,  Solvay  Station, 

Sore^rMr'cNo"^"  1901  Clyboum  Ave., 

Spenccr^Thermoatat  Co.,  34  Forest  SL, 

Standardb°P°lbs1?lSr  1548  S.  Robertson 
■Rivd  Los  Angeles  35,  Calif. 

United  cinephone  §orp.,  65  New  Litchfield 
St.,  Torrington,  Conn. 

ROTARY  and  BAND  CHANGE  SWITCHES 

Allen-Bradley  Co.,  136  W.  Greenfield  Ave., 
Auto^!racUokren'4r‘IScker  Ave.,  Shelby. 
Automatic  Electric  Co..  1033  W.  Van 
Bar^rTwma^n^S^Falrfleld  Ave., 
BIrnbaX'Radh?  Cof  Inc.,  145  Hudson  SL, 
Bristol 'coT,°W aterburr  91,  Conn. 
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Brown  Instrument  Co.,  4428  Wayne  Ave., 
Philadelphia  44,  Pa. 

Bryant  Electric  Ca.  Bridgeport  2 Conn 

Bud  Radio,  Inc.,  2118  East  56  St.,  Cleve- 

Cenlra"ab3U°v.!0Globe  Union,  Inc,  900  E. 
Keefe  Ave.,  Milwaukee  1,  Wise. 

Cinema  Engineering  Co.,  1508  W.  Verdugo 

Clar^V&'’Co.?raaIu’.  4719 ' Sunnyalde  Ave., 

ClarSta?^Sfg.  Co.,  Inc.,  130  Clinton  tit., 
Brooklyn  1,  N.  Y. 

Cole-Hersee  Co.,  54  Old  Colony  Ave.,  Bob- 

Connecticut  Telephone  ft  Electric  Dlv.  of 
Great  American  Industries,  Inc.,  ■ u 
Brittania  St,  Meriden,  Conn 

Cutler-Hammer,  Inc.,  315  North  12th  tit., 
Milwaukee  1,  Wise. 

Daven  Co.,  191  Central  Ave.,  Newark  4. 
N.  J. 

Eastern  Air  Devices,  Inc.,  585  Dean  St„ 
Brooklyn  17,  N.  Y. 

Electronic  Mechanics,  Inc.,  70  Clifton 
Blvd.,  Clifton,  N.  J.  .....  . 

Franklin  Mfg.  Corp,  A.  W„  175  Varick 
St,  New  York,  N.  Y. 

General  Cement  Mfg.  Co.,  919  Taylor 
Ave.,  Rockford,  111.  _ . , , , 

General  Control  Co.,  1200  Soldiers  Field 
Rd.,  Boston  34,  Mass. 

General  Electric  Co.,  Bridgeport  Conn. 

General  Radio  Co.,  276  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Grayhill  Corp.,  1 N.  Pulaski  Rd.,  Chicago, 

Hart1' Mfg.  Co.,  110  Bartholomew  Ave., 
Hartford  1,  Conn. 

JBIi  Instrument  Co.,  420  E.  Providence 
Rd.,  Aldan,  Pa. 

J-B-T  Instruments,  Inc.,  441  Chapel 
New  Haven  8,  Conn. 

Kellogg  Switchboard  A Supply  Co.,  6650 
S.  Cicero  Ave.,  Chicago  38,  111. 

Lewis  Engineering  Co..  52  Rubber  Ave., 
Naugatuck,  Conn. 

Mallory  & Co.,  Inc.,  P.  H,  3029  E.  Wash- 
ington St.,  Indianapolis  6,  Ind. 

Marlon  Electrical  Instrument  Co.,  Man- 
chester, N.  H. 

Metallic  Arts  Co.,  243  Broadway,  Cam- 
bridge, Mass. 

Minneapolis-Honeywell  Regulator  Co., 
2753  Fourth  Ave.  S.,  Minneapolis. 
Minn. 

Monitor  Controller  Co.,  61  8.  Gay  St., 
Baltimore  2,  Md. 

Moss  in,  Inc.,  Donald  P„  612  N.  Michi- 
gan Ave.,  Chicago  11,  111. 

National  Co.,  61  Sherman  St,  Malden  48, 

North  Electric  Mfg.  Co.,  501  S.  Msrket 
St.,  Gallon,  Ohio 

Oak  Mfg.  Co.,  1260  Clyboum  Ave.,  Chi- 
cago 10,  111. 

Ohmite  Mfg.  Co.,  4835  W.  Flournoy  St, 
Chicago  44,  111. 

Peerless  I-abs,  461  Tenth  Ave.,  New  York 
18,  N.  Y. 

Philmore  Mfg.  Co.,  113  University  Place, 
New  York,  N.  Y. 

Rlchardson-Allen  Corp.,  15  West  20th  St., 
New  York  11,  N.  Y. 

Roller-Smith,  Bethlehem,  Pa. 

Shallcross  Mfg.  Co..  10  Jackson  Ave..  Col- 
llngdale.  Pa. 

Soreng  Mfg.  Corn,  1901  Clyboum  Ave., 

■ Chicago  14,  111. 

Super  Electric  Products  Corp.,  1057  Sum- 
mit Ave.,  Jersey  City,  N.  J. 

Tech  Laboratories,  7 Lincoln  St,  Jersey 
City.  N.  J. 

Thwing-Albert  Instrument  Co.,  Penn  St. 
ft  Pulaski  Ave.,  Philadelphia  44,  Pa. 

Triplett  Electrical  Instrument  Co.,  286 
Harmon  Rd.,  Bluffton,  Ohio 

Udnlte  Co.,  459  Watertown  St,  Newton- 
vllle,  Mass. 

Unlted-Carr  Fastener  Corp.,  31  Ames  3t, 
Cambridge  42,  Mass. 

Utah  Radio  Products  Co.,  820  Orleans  St, 
Chicago,  111. 

Westlnghouse  Electric  Corp.,  Bast  Pitts- 
burgh. Pa. 

Winslow  Co.,  81  Fulton  St,  Newark  2, 

N.  J. 

Wirt  Co.,  6221  Greene  St,  Philadelphia, 
Pa 

York  Wire  ft  Cable  Dlv.,  General  Electric 
Co.,  Bridgeport,  Conn. 


TIME  SWITCHES 

American  Time  Products,  Inc.,  5S0  Fifth 
Ave.,  New  York  19,  N.  Y. 

Ansonla  Clock  Co.,  Inc.,  103  Lafayette  St, 
New  York  13,  N.  Y. 
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Aray  Mfg.  ft  Supply  Co.,  3107  Pine  St., 
St.  Louis  3,  Mo.  _ . „ ,,  _ 

Atlas  Products  Corp.,  30  Rockefeller  Plaza, 
New  York  20,  N.  Y. 

Automatic  Electric  Mfg.  Co.,  10  State  St, 
Mankato,  Minn. 

Automatic  Temperature  Control  Co.,  34  E. 
Logan  St..  Philadelphia  44,  Pa. 

Bacon  Electric  Timer  Corp.,  4513  Brooklyn 
Ave.,  Cleveland  9,  Ohio 

Cleveland  Time  Clock  ft  Service  Co., 
Superior  Ave.  at  E.  27th  St,  Cleve- 
land, Ohio  _ _ 

Cutler-Hammer,  Inc.,  315  North  12th  St., 
Milwaukee  1,  Wise. 

Cramer  Co.,  R.  W.,  Centerbrook,  Conn. 

Eagle  Signal  Corp.,  Moline,  111. 

Edison,  Inc.,  Thomas  A.,  Instrument  Dlv., 
51  Lakeside  Ave.,  West  Orange,  N.  J. 

General  Control  Co.,  1200  Soldiers  Field 
Rd.,  Boston  34.  Mass. 

General  Electric  Co.,  Schenectady  5.  N.  Y. 

Hayden  Manufacturing  Co.  Inc.,  Forest- 
vllle.  Conn. 

Industrial  Timer  Corp.,  117  Edison  Pi., 
Newark  5.  N.  J. 

Leach  Relay  Co..  5915  Avalon  Blvd.,  Los 
Angeles,  Calif. 

Lelch  Electric  Co.,  565  W.  Washington 
Blvd.,  Chicago  6.  III. 

Lektra  Laboratories,  Inc.,  30  E.  Tenth  St., 
New  York,  N.  Y. 

Lumenite  Electric  Co.,  407  S.  Dearborn 
St.,  Chicago,  111. 

Mallory  & Co.,  Inc.,  P.  R.,  3029  E.  Wash- 
ington St.,  Indianapolis  6,  Ind. 

Mercoid  Corp.,  4201  Belmont  Ave.,  Chi- 
cago, 111. 

Minneapolis-Honeywell  Regulator  Co., 
2753  Fourth  Ave.,  S.  Minneapolis, 
Minn. 

Northwestern  Clock  Co.,  514-15  Brown 
Bldg.,  Omaha,  Neb. 

Paragon  Electric  Co..  37  W.  Van  Buren 
St..  Chicago  5,  111. 

Photoswitch.  Inc.,  77  Broadway,  Cam- 
bridge 42.  Mass. 

Presto  Electric  Co.,  4511  New  York  Ave., 
Union  City,  N.  J. 

Reliance  Automatic  Lighting  Co.,  1920 
Mead  St..  Racine,  Wls. 

Reynolds  Electric  Co..  2650  W.  Congress 
St.,  Chicago  12,  111. 

Rhodes.  Inc..  M.  H.,  30  Bartholomew  Ave,, 
Hartford.  Conn. 

Rlchardson-Allen  Corp  , 15  West  20th  St, 
New  York  11.  N.  Y. 

Sangamo  Electric  Co..  Springfield,  111. 

Schaar  ft  Co.,  754  W.  Lexington  St,  Chi- 
cago 7,  111. 

States  Co..  19  New  Park  Ave.,  Hartford 
6.  Conn. 

Stoeltlng  Co..  C.  H.  424  North  Homan 
Ave..  Chicago,  111. 


Centralab  Dlv.,  of  Globe  Oak,  | 
E.  Keefe  Ave.,  MllwaukeeTtB 
Clare  & Co.,  C.  P.,  4719  Sunni! 
Chicago  30,  Ili 

Cole-Hersee  Co.,  51  Old  Colony  4 
ton  27,  Mass. 

Connecticut  Telephone  A El«s« 
Great  American  IndosuCj 
Brittania  St.  Meriden,  Cam! 
Cook  Electric  Co.,  2700  ? 
Chicago,  111. 

Cutler-Hammer  Inc.,  315  North  I 
Milwaukee  1,  Wise. 
Electronic  Control  Corp.,  1571  9 
St,  Detroit,  Mich. 
Electronic  Products  Mfg.  Co.,  !■ 
River  Drive,  Dexter,  Mlcl  J 
Federal  Telephone  and  Radio  <9 
Broad  St.,  Newark,  .V.  J.  | 
General  Cement  Mfg.  Co..  919  Tall 
Rockford,  111. 

General  Control  Co.,  1!M  Sc  Ida 
Rd.,  Boston  34,  Mass. 
General  Electric  Co.,  Bridgeport! 
General  Electric  Co.,  Schenectaill 
Gits  Molding  Corp.,  4600  Huron  J 
cago,  111. 

Grayhill  Corp.,  1 N.  Pulaski  PA,! 
Ill 

Hart  Mfg.  Co.,  110  Bartholod| 
Hartford  1,  Conn. 
Hetherington  & Son,  Inc,  Ho  bay 
Hill,  Pa 

Hubbell,  Inc..  Harvey,  Bridgeport! 
Insullne  Corp.  of  America  1M 
Ave.,  Long  Island  City.  N.  IJ 
J.  F.  D.  Mfg.  Co..  4111  Fort  U 
Parkway,  Brooklyn,  N.  Y.  j 
Kellogg  Switchboard  4 Supply  Of 
S.  Cicero  Ave.,  Chicago  IS,  ■ 
Kulka  Electric  Mfg.  Co.,  Inc,  IB 
St.  Mt.  Vernon,  N,  t, 
Leece-Neville  Co.,  5363  Hamllta 
Cleveland  14,  Ohio 
Mallory  & Co.,  Inc.,  P.  R.  5029  Fj 
Ington  St,  Indianapolis  (.  Ioa 
Metallic  Arts  Co.,  243  Brosdna 
bridge,  Mass. 

Micro  Switch  Div.  of  Flret  In 
Corp.,  7 Spring  St,  Freeport,! 
Minneapolis-Honeywell  Reguhln 
2753  Fourth  Ave.,  S.  Minn 
Mina 

Monitor  Controller  Co.,  51  S M 
Baltimore  3.  Md.  I 

Mossman,  Inc.,  Donald  P,  61!  5.1 
gan  Ave.,  Chicago  11,  111  I 
Mu-Switch  Corp,  Canton  31,  HIM 
Muter  Co.,  1255  S.  Michigan  Aw, 
cago,  I1L 

Oak  Mfg.  Co.,  1260  Clyhoura  An, 
cago  10,  III  , J 

Pass  & Seymour,  Inc,  Sow 
Syracuse,  N.  Y. 


m 


Techno-Scientific  Co,,  901  Nepperhan  Ave.,  Philmore  Mfg.  Co,  113  Univ 
Yonkers  3.  N.  Y.  New  York,  N.  Y. 

Thompson  Clock  Co.,  H.  C,  38  Federal  St.,  R.B.M.  Mfg.  Co,  Div.  of  Essei  w 
Bristol,  Conn. 

Tork  Clock  Co,  1 Grove  St,  Mount  Ver- 
non, N,  Y. 

Ulanet  Co,  George,  88  E.  Kinney  St, 

Newark  5.  N.  J.  (thermal  time  delav) 

United  Clnephone  Corp,  65  New  Litchfield 
St,  Torrlngton,  Conn. 

Wadsworth  Electric  Mfg.  Co,  Inc,  20  W. 

11th  St,  Covington.  Ky. 

Walser  Automatic  Timer  Co,  420  Lexing- 
ton Ave,  New  York.  N.  Y. 

Westlnghouse  Electric  Corp,  East  Pitts- 
burgh, Pa, 

Womer  Electronic  Devices,  609  West  Lake 
St,  Chicago  6,  111. 

Zenith  Electric  Co,  152  W.  Walton  St, 

Chicago,  111. 


Logansport,  Ind. 

Render  Co,  Ltd,  2101  Bryant  St, 
Francisco  10,  Calif. 

Shure  Brothers,  225  W.  Huron  ... 1 
cago,  III  ,,  • 

Signal  Engineering  4 Mfg.  Co,  In  • 
14th  Street,  New  York.  5.  Y . 
Soreng  Mfg.  Corp,  1901  Clyhoun  A 
Chicago  14,  111.  K 

Stackpole  Carbon  Co,  St  Marjl,  m 
r*n  -ISO  Wntprtown  St 


TOGGLE  and  PUSHBUTTON  SWITCHES 

Aero  Electric  Co,  1305  Superior  Ave, 
Cleveland,  Ohio 

Allen-Bradley  Co,  136  W.  Greenfield  Ave, 
Milwaukee  2.  Wise. 

Allis  Chalmers  Mfg.  Co,  Milwaukee  I. 
Wise. 

Arrow-Hart  ft  Hegeman  Electric  Co,  103 
Hawthorne  St,  Hartford.  Conn. 

Atlas  Products  Corp,  30  Rockefeller  Plaza, 
New  York  20.  N.  Y. 

Avlometer  Corp,  370  West  S5th  St,  New 
York  1,  N.  Y. 

Birnbach  Radio  Co.  Inc,  145  Hudson  St, 
New  York,  N.  Y. 

Brown  Instrument  Co,  4428  Wayne  Ave, 
Philadelphia  44,  Pa. 

Bryant  Electric  Co,  Bridgeport  2,  Conn. 

Bud  Radio,  Inc,  2118  E.  6oth  St,  Cleve- 
land 3.  Ohio  . 

Cannon  Electric  DevelOJ 

Humboldt  St,  Los 


Ucinite  Co.,  459  Watertown  Si, 

ville.  Mass.  1 

United-Carr  Fastener  Corp.,  31  Ama* 
Cambridge  42.  Mass. 

Utah  Radio  Products  Co.,  ^ 
St.  Chicago,  I1L 
Ward  Leonard  Electric  Co.,  31 
Mount  Vernon,  NY. 


Warrick,  Chas.  F, 

Detroit  3,  Mich.  to, 

Westlnghouse  Electric  Corp.,  t"1 

York*5  wire  4^  able  Dlv..  Generzl 
Co.,  Bridgeport,  Conn. 


Tape. 


CELLULOSE  and  PLASTIC  TAK 

a Synthetic  Product!  Dlv., 
a symmiw  0pjell  CM 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


Extruded  Plastics.  Inc.,  Norwalk,  Conn. 

i S»8£  W'S 

: industrial  %>m?hetlra°  Corp.,  60  Woolsey 

i indu|r'lJrTape°nCor'p., ' New  Brunswick, 

InsuUllon  Manufacturers  Corp.,  566  W. 

Washington  Blvd.,  Chicago  6,  111. 

Irvington  Varnish  & Insulator  Co.,  10  Ar- 
» evlp  Terrace.  Irvington  11,  N.  J. 

Linton  4 I Vo,  Horace,  3081  Ruth  St., 

lIlle^Ht’proIhjce^Cu^  Inc.,  812  Broadway, 

Minnesota1  Mining  & Mfg.  Co.,  900  Fau- 
quier Ave.,  SL  Paul,  Minn. 

Mitrlioil-Rand  Insulation  Co.,  Inc.,  61 
Murray  St..  New  York  7,  N.  Y. 

National  Varnished  Products  Corp.,  211 
Woodland  Ave.,  Woodbridse.  N.  J. 

Ptax  Corp.,  133  Walnut  St.,  Hartford  6, 

Res|),ro,nlInc.,  Wellington  Ave.,  Cranston, 

Traver  Corp.,  358  IV.  Ontario  St.,  Chicago 

Westlnghouse  Electric  Corp.,  East  Pitts- 
bur'll.  Pa.  _ . w._ 

Wright  & Sons  Co.,  Wm.  L.,  West  War- 
ren, Mass. 

COTTON  or  SILK  TAPE 

Anchor  Webbing  Co.,  1005  Main  St.,  Paw- 
tucket  H.  I. 

Carolina  Narrow  Fabric  Co.,  1036  N. 

Chestnut  St.,  Winston-Salem,  N.C 
Electro-Technical  Products,  Inc.,  Nutley 

Elizabeth  Webbing  Mills.  Pawtucket,  R.  L 
General  Electric  Co.,  Bridgeport,  Conn. 
Goldmark  Wire  Co.,  James,  11G  West  St., 
New  York  7.  N.  Y.  T 

Hope  Webbing  Co.,  Providence,  R.  _L 
Insulation  Manufacturers  Corp.,  060  w. 

Washington  Blvd.,  Chicago  6,  111. 

Linton  & Brn..  Horace,  3081  Ruth  St, 
Philadelphia,  Fa.  _ _ . ^ 

Mica  Insulator  Co..  797  Broadway,  Sche- 
nectady 1,  X.  Y.  __  . 

Mica  Products  Mfg.  Co.,  69  Wooster  St., 
New  York,  X.  Y.  ci 

Mitcheli-Ra’nd  Insulation  Co.,  Ipc.,  61 
Murray  St..  New  York  7,  N.  Y. 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  N.  J; 
Priscilla  Braid  Co.,  1461  High  St.,  Cen- 
tral Falls,  R.  I.  _ , 

Sidebotham.  Inc.,  John,  4317  Grlscom  St, 
Philadelphia,  Pa.  M 

Sullivan  & Sons  Mfg.  Co.,  J.,  2224  N. 

Ninth  St.,  Philadelphia  33  Pa. 
Weatlnghouse  Electric  Corp.,  East  Pitts- 
burg, Pa.  . — 

Wright  & Sons  Co.,  Wm.  E.,  West  War- 
ren.  Mass. 

VARNISHED  TAPE 

B.&C.  Insulation  Products,  Inc.,  261  Fifth 
Ave.,  New  York  16,  X.  Y. 
Electro-Technical  Products,  Inc.,  Nutley 

Endurette  Corp.  of  America,  Cllffwood, 
N.  J. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 

^ Rockford,  111.  _ 

General  Electric  Co.,  Bridgeport,  Conn. 
Goldmark  Wire  Co.,  James,  116  West  St, 
New  York  7 X.  Y. 

Insulation  Manufacturers  Corp.,  565  W. 

Washington  Blvd.,  Chicago  6,  III 
Irvington  Varnish  & Insulator  Co.,  10  Ar- 
gyle  Terrace.  Irvington  11.  X.  J- 
Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  X.  Y. 

Mica  Products  Mfg.  Co.,  69  Wooster  St., 
New  York,  N.  Y.  ,, 

Mitchell-Rand  Insulation  Co.  Inc.,  51  Mur- 
„ ray  St,  New  York  7,  X.  Y. 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge,  X.  J. 

New  Jersey  Wood  Finishing  Co.,  Inc., 
Electrical  Insulation  Dept,  Wood- 
_ bridge,  N.  J. 

Standard  Insulation  Co.,  74  Paterson  Ave., 
East  Rutherford.  X.  J.  ^ 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

TAPES.  TELEGRAPH 

Foote  Pierson  & Co.,  Inc.,  75  Hudson  St., 
Newark  4 X J 

Paper  Manufacturers  Co.,  Philadelphia  18, 

Pa 
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Television  Mirrors 

see  Mirrors 

Television  Receivers 

see  Receivers 

Television  Transmitters . 

see  Transmitters 

Terminal  Plugs, 

see  Plugs 

Terminal  Strips 

see  Posts,  Binding 

Terminals  and  Lugs 

see  Lugi 

Test  Equipment  for  Tube 
Mfrs. 

•ee  Tub*  Manufacturer.,  Te.t  Equip. 


Testers. 


BATTERY  TESTERS 


Burton-Rogers  Co.,  857  Boylston  St.,  Bos- 

Chaalyn  'co.f'ffli  Irving  Park  Rd.,  Chl- 

EagleaE°ectr’lc  Mfg.  Co..  Inc.,  23-10  Bridge 
Plaza  S , Long  Island  City,  X.  Y. 
Electric  Heat  Control  Co.,  9123  Inman 

Eepe^  M'fg0  Coe'an4!;3°  West  46th  SL. 

FrankUn  Transformer.  65-22nd  Ave.  N. 

General  ^lwtHc^?o.,  ^BridgeporL  Conn. 
Knickerbocker  D<!Ve11oPr"e,'5  Corp.,  118 

McC^lne-C^'is?,ee1,CCorn.9'  4922  S. 

PreclsonP  Apparatus  Co.,  92-27  Horace 

Harding  Blvd.,  Elmhurst,  L.I.^  N.  Y. 

Radio  City  Products  COj.  127  west  sum 

Radlf 'Design YCo  ,n53  Sterling  Place, 
Sanbom°  Co!’ 391' Osborne  SL.  Cambridge 
Simplon  Metric  Co..  6218  W.  Kinale  SL, 
SterUnhgCaSfg'Co.:  9206  Detroit  Ave., 

SunCMfgelCod:  6323  Avondale  Ave..  Chi- 
Supreme0'  Instruments  Corp.,  Greenwood. 
Westinghouse  Electric  Corp.,  East  Pitts- 

m»a.,ia5£  §»&»  iZ 

York  Wire  & Cable  Dlv.,  Genera,  coo 
Y trie  Co.,  Bridgeport,  Conn. 

CAPACITOR  TESTERS 

Aerovox  Corp..  740  Belleville  Ave..  New 
CloughdB0rren'g.rCo.,  5501  N.  Broadway. 

Commun^aUon'.Measureme^t^^aboratont. 

120  Greenwich  St,  }ew  *jrj 
COnn(1?StU^^TntrFcreIn&dul1^:H«^:C  Inc..  70 
Coi«.M^STHam- 

illon  Blvd..  South  PIalnfleld.t<N. 

g^^trSaS’cLu.’*!  Chestnut  SL. 
Elet{HcWI^arCo„p"  co  9123  Inman 

New  York  19,  N.  i. 


Federal  Instrument  Co.,  3931-47th  Ave., 

Long  island  City  4.  N.  Y.  . 

General  Electric  Co.,  Schenectady  a,  N Y. 
General  j ■ adio  Co.,  27a  Massachusetts 
Ave.,  Cambridge.  Mass. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
st.,  Ogallaia,  Nebr. 

Hickok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 
Industrial  Instruments,  Inc.,  lek  Culver 
Ave.,  Jersey  City  o,  N.  J. 

Jackson  Electrical  Instrument  Co..  16-18 
S.  Patterson  Blvd.,  Dayton  I,  Ohio 
Knickerbocker  Development  Corp.,  116  Lit- 
tle St.,  Belleville  9,  N.  J. 

Music  Master  Mfg.  Co.,  542  S.  Dearborn 

Phllco'  corp'^Tloga  &'c  Sts..  Philadelphia, 

Radio4, city  Products  Co.,  127  West  26th 

Rad lo*  C orp'Vo fY  America,  RCA  Victor  Dlv., 

Radio&  Design'  Co.,  .1353  Sterling  Place, 

RlchardsomAllen  Corp.,  15  West  20th  SL. 

SimpsorT  eSgi“coN'  5218  W.  Kinsie  SL, 

Sola?MCfgB°C4ri).j285  Madison  Ave.,  New 

‘inracue'Electric  Co.,  North  Adams,  Mass. 
TechUcal  Apparatus  Co.,  1171  Tremont 
St.,  Boston  20,  Mssb. 

Weston  Electrical  Instrument  Corp.,  614 
Freilnghuysen  Ave.,  Newark  5,  X.  J. 

ELECTRICAL  METER  TESTERS 

Aerolux  L'ght  Corp.,  653-llth  Ave.,  New 

Biddte>1  Co.,  ’ James  G.,  1213  Arch  St.,  - 

Cambridge el?nstrument  Co.,  3732  Grand 
Central  Terminal,  New  York  17,  1 N.  T. 

Communication  Measurements  laboratory* 
120  Greenwich  St.,  New  York,  x.  x. 
Eagle  Electric  Mfg.  Co.,  Inc.,  23-10  Bridge 

Plaza  S..  Long  Island  <gty,  N.  \. 
Eastern  Specialty  Co.,  3619  N.  Eighth  St, 
Philadelphia  40,  Pa. 

Electronic  Measurements  Co.,  Red  Bang, 

rigs npral  Electric  Co.,  Schenectady  5,  X.  Y. 
?JwlsaEnimeering  Co..  52  Rubber  Ave., 
Naugatuck,  Conn. 

Marlon  Electrical  Instrument  Co.,  Man- 

McFarflnteCo?29IW.  Marion  Ave..  Youngs- 

Radio”  Corp°of° America.  RCA  Victor  Dlv., 

RubtoSTo?.:  3761  Ridge  Ave.,  Philadel- 

Sclentlfk!  Radio  Products  Co.,  738  W. 

Broadway,  Council  Bluffs.  Iowa 
States  Co.,  19  New  Park  Ave.,  Hartford 

Superior  instruments  Co.,  227  Fulton  St, 

Supreme  Instruments  Corp.,  Greenwood, 

Westinghouse  Electric  Corp.,  East  Pitta- 

Weston^Electrical  Instrument  Corp.,  614 
Freilnghuysen  Ave.,  Newark  5,  X.  J. 


insulation  testers 

Acme  Electric  & Mfg.  Co.,  31  Water  St, 
American  Transformer  Co.,  178  Emmet 
AmpnnerNCoarof'  America,  396  Broadway. 
AssociaTed^  Research,'  Inc.,  231  S.  Green 
Biddfe"  Ca^*  James  'g. , 1213  Arch  SL,  Phil- 

Electric  Service  Mtg  to  ITU.  & Cambria 
Sts.,  Philadelphia  32,  Pa. 

Federal  InstrumentCo.,  3931  47th  Av  .. 

Ferranti*  SKAo® Rockefeller 
Plaza.  New  York  20,  N.  Y. 

H-WAMfg.  Co.,  3124  Larga  Ave.,  Los  An- 
Mlekok'e  Electrical  Instrument  Co.,  10514 
4°00  Stuart 
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Industrial  Instruments,  Inc.,  166  Culver 
Ave.,  Jersey  City  5,  N.  J. 

Industrial  Transformer  Corp.,  2540  Bel- 
mont Ave.,  New  York,  N.  Y. 

Knickerbocker  Development  Corp.,  116  Lit- 
tle St.,  Belleville  9.  N.  J. 

Leeds  A Northrup  Co.,  4970  Stenton  Ave., 
Philadelphia  44,  Pa. 

Megard  Corp  1601  S.  Burlington  St,  Los 
Angeles  6,  Calif. 

Miller  Co.,  B.  F.,  Trenton,  N.  J. 

Radio  City  Products  Co.,  127  West  26th 
St,  New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  DIv., 
Camden,  N.  J. 

Radio  Frequency  Laboratories,  Inc.,  Boon- 
ton,  N.  J. 

Richardson-Alien  Corp.,  15  West  20th  St.. 
New  York  11,  N.  Y. 

Rubicon  Co.,  3751  Ridge  Ave.,  Philadel- 
phia, Pa. 

Springfield  Sound  Co.,  Electronics  Divi- 
&nA  12  9ass  St,  Springfield,  Mass. 

Sticht  Co.,  Inc.,  Herman  H.,  27  Park 
Place,  New  York  7,  N.  Y. 

Superior  Instruments  Co.,  227  Fulton  St. 
New  York  7,  N.  Y. 

Tech  Laboratories,  7 Lincoln  St.,  Jersey 
City,  N.  J. 

Technical  Apparatus  Co.,  1171  Tremont 
St..  Boston  20,  Mass. 

u.  S.  Television  Manufacturing  Corp.,  106 

rr  t»Sf\£nth  Ave.,  New  York  11,  N. 

United  Transformer  Corp.,  150  Varick  St 
New  York  13,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 

Winslow  Co.,  9 Liberty  St.,  Newark  5, 

SPRING  TESTERS 

Skyway  Precision  Tool  Co.,  3217  Caslstas 
Ave.,  Los  Angeles  26,  Calif. 


TOTE  TESTERS 

AnV "Sul?  3S1SSIy  C°-  3107  Plne  «- 
Clou8hIcB^il  m'  5601  N-  Broadw^. 
Day“nR4a<1OhS0rP'’  915  Va,ley  St-  Day- 
Baynatl  ^Ohfo  C°"  930  Tork  St-  C!ncln- 
’ 41  CheSt”Ut  St' 

^ew'for^is1^'  Y3  WeSt  46th  S,~ 

Gene^i19am.munl<Stlon  Co.,  530  Common- 
wealth  Ave.,  Boston  15,  Mass. 

Electric  Co.,  Schenectady  5,  N.  Y. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Co.  piainville,  Conn. 

" felgan  afvbeind404  Frank"n  St" 

10514 

Jackson  Electrical  Instrument  Co.,  16-18 
Pooifl'  ^atte.rson1  Blvd.,  Dayton  1 Ohio 

aCslES1^KraWSaSrhaBUe  at  ie,rer80n 

PhllC30«CpLP'  Tl0Ba  * C sts-  Phl,adelph!a 
Precision  Apparatus  Co.,  92-27  Horace 
'"K  Blvd.,  Elmhurst,  N.  Y. 

^ New  YOTk  N ‘ YCO''  127  W'  26th  St" 
Ra4Cam°d™  ^Arrl'a'  RCA  Victor  DIv., 

RadAt4C!’niia^,trinry'  1328  Sherma" 

ReadBri^,o^'^,iolVnrkS'  Co11^  Aya- 
Simpson^ElectrJc  Co.,  5218  W.  Kinzie  St, 

Standard  Instruments  Corp.,  568  Prospect 
Ave.,  New  York  65,  N Y.  P 

ST"k.  ? • 227  Fulton  St- 

Supreme  Instrument^  Corp.,  Greenwood 

MISS. 

Technical  Apparatus  Co.,  1171  Tremont 
St.,  Boston  20,  Mass. 

Technical  Devices  Corp.,  Beaufort  & Eagle 
Rock  Aves.,  Roseland,  N.  J. 

Triplett  Electrical  Instrument  Co.,  286 
Harmon  Rd.,  Bluffton,  Ohio 
Weston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  6,  N.  J. 

VIBRATION  TESTERS 

All  American  Tool  & Mfg.  Co.,  1014  W 
Fullerton  St.,  Chicago  14,  111. 


Commercial  Research  Labs.,  Inc.,  20  Bart- 
lett Ave.,  Detroit  3,  Mich. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

L.  A.  B.  Corp.,  Summit,  N.  J. 

MB  Manufacturing  Co.,  1060  State  St, 
New  Haven.  Conn. 

Offner  Electronics,  Inc.,  5320  N.  Kedzie 
Ave.,  Chcago  25,  111. 

Scientific  Radio  Products  Co.,  738  W. 

Broadway,  Council  Bluffs,  Iowa 
Technical  Products  Co.,  158  Madison  Ave. 

at  Third  St,  Memphis,  Tenn. 

Waugh  Labs.,  Div.  of  Waugh  Equipment 
Co.,  420  Lexington  Ave.,  New  York 
17,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Westinghouse  Electric  Corp.,  Industrial  & 
X-Ray  Dlvs.,  Baltimore  3,  Md. 

Wyse  Laboratories,  211  S.  Ludlow  St 
Dayton  2,  Ohio 

VOLTAGE  TESTERS 

Aerolux  Light  Corp.,  653  Eleventh  Ave., 
New  York  19,  N.  Y. 

American  Transformer  Co.,  178  Emmet 
St.,  Newark,  N.  J. 

Amplifier  Co.  of  America,  396  Broadway, 
New  York.  N.  Y. 

Associated  Research.  Inc.,  231  S.  Green 
St.,  Chicago  7.  111. 

Electrical  Facilities.  Inc..  4224  Holden  St.. 
Oakland  8.  Calif. 

Electro  Products  Laboratories.  549  West 
Randolnh  St..  Chicago.  111. 

Electronic  Measurements  Co.,  Red  Bank, 

Espey  Mfg.  Co.,  Inc.,  33  West  46th  St 
New  York  19.  N.  Y. 

General  Electric  Co.,  Schenectadv  5,  N.  Y. 
Hickok  Electrical  Instrument  Co.,  10514 
y « puPont  Ave.,  Cleveland.  Ohio 
Ideal  Commutator  Dresser  Co..  1291  Park 
Ave.,  Sycamore,  111. 

Industrial  Instruments,  Inc..  156  Culver 
r j Ave.,  Jersey  City  5,  N.  J. 

Industrial  Transformer  Corp.,  2540  Bel- 
T_  . rnont  Ave.,  New  York,  N.  Y. 
Knickerbocker  Development  Corp.,  116 
r v?1--  Belleville  9.  N.  J. 

LepewHJ?L*Fr«Iluency  Laboratories,  39 
W£,t  fi?>th,7?tr£et’  New  Tork.  N.  Y. 
Miller  Co.,  B.  F.,  Trenton,  N.  J. 

Northern  Laboratories.  Ltd. .3-01  27th 
Ave.,  Long  Island  City,  N.  Y. 

Precision  Apparatus  Co.,  92-27  Horace 
•p  H^djng Jllvd.,  Elmhurst.  N.  Y 

Rt.  N^w  Y?rkCtNCY'  127  W“St  26t1’ 
Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden.  N.  J. 

Waltham.  Maas. 
Boiler-Smith,  Bethlehem.  Pa 
S-W  Inductor  Co.,  1056  N.  Wood  St..  Chi- 
cago,  Til.  , 

Scientific  Electric  Div.  of  “S"  Corrugated 

sswjv?  c°- 111  Moonr™far.d 

Dlv- 12 

States  Co.,^19  Mew  Park  Ave.,  Hartford 
Takk  Corporation,  Newark,  Ohio 

1171  Tremont 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Thermocouple  Meters 


Thermocouples _ 


VACUUM  THERMOCOUPLES 

Aer°YoXrk1'i9htNCYrP'’  653-llth  Ave->  New 
Amerlcang,T^r™^.ectrlCNCo  67  East 

''^aSA,  hit  B,vd„ 

Cambridge  ^.^nt  Co,  8732  Grand 
*Terminal,  New  York' 17.  N Y 
Engelhard,  Inc.,  Charles,  233  N.  J R.’  R* 
Ave.,  Newark,  N.  J.  *** 

Eppley  Laboratory,  Inc.,  NewDort  r t 

pfeld  at,  I’)cr  wU  C1*4  R !- 
FTeld  Electric  Instrument  Co.,  109  East 
„ ISJtn  St,  New  York  53.  N Y 
Fredericks  Co.,  Geo.  E.,  Bethayres  Pa_ 
General  Electric  Co.,  Schenectady  5,  N.  Y. 


Hickok  Electrical  Instrument  Co.,  10514 

T11,  DuPont  Avev  Cleveland,  Ohio 

Illinois  Testing  Laboratories,  Inc.,  420  N 
LaSalle  St,  Chicago,  III 

Jennings  Radio  Mfg.  Co.,  1098  E.  Wii- 
11am  St,  San  Jose  12,  Calif. 

National  Research  Corp.,  Vacuum  Enm. 
Div.,  Boston  15,  Mass. 

Rawson  Electrical  Instrument  Co.,  Inc 
110  Potter  St.,  Cambridge  42,  Mass. 

Sensitive  Research  Instrument  Co..  9 Elm 
Ave.,  Mt  Vernon,  N.  Y. 

Sundt  Engineering  Co.,  4757*  Ravenswood 
Ave.,  Chicago,  111. 

Sylvania  Electric  Products,  Inc.,  500  Fifth 
Ave.,  New  York  18,  N.  Y. 

Universal  X-Ray  Products  Inc.,  1800 
North  Francisco  Ave.,  Chicago  47,  III 

Western  Electric  Co.,  Inc.,  120  Broadwar, 
New  York  6,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Wheelco  Instruments  Corp.,  847  W.  Har- 
rison St,  Chicago  7,  111. 

Winslow  Co.,  9 Liberty  St,  Newark  S, 
N . J . 

Xervac  Instrument  Co.,  101  Vine  St, 
Hartford  6,  Conn. 

Timers 


AUTOMATIC  CYCLE  TIMERS 

American  Time  Products,  Inc.,  580  Fifth 
Ave.,  New  York  19,  N.  Y. 

Ansonia  Clock  Co.,  Inc.,  103  Lafayette 
St.,  New  York  13,  N.  Y. 

Auth  Electrical  Specialty  Co.,  Inc.,  421 
East  53rd  St,  New  York  22.  N.  Y. 
Automatic  Temperature  Control  Co.,  34  E 
Logan  St,  Philadelphia  44,  Pa. 
Barber-Colman  Co.,  Rockford,  I1L 
Bristol  Co.,  Waterbury  91,  Conn. 
Cole-Hersee  Co.,  54  Old  Colony  Ave.,  Bos- 
ton 27,  Mass. 

Cramer  Co.,  R.  W.,  Centerbrook,  Conn. 
Cutler-Hammer,  Inc.,  315  North  12th 
Street  Milwaukee  1,  Wise. 

Cyclotron  Specialties  Co.,  Moraga,  Calif. 
Eagle  Signal  Corp.,  Moline,  111. 

Electric  Switch  Corp.,  14th  at  Union  St. 
Columbus,  Ind. 

Electronic  Measurements  Co.,  Red  Bank, 
N.  J. 

Foxboro  Co.,  Foxboro,  Mass. 

General  Control  Co.,  1200  Soldiers  Field 
Rd.,  Boston  34,  Mass. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Gorrell  & Gorrell,  40  Littlefield  Rd.,  New- 
ton Centre,  Mass. 

Haydon  Manufacturing  Co.,  Inc.,  Forest- 
ville.  Conn. 

Holtzer-Cabot  Signal  Division,  400  Stuart 
St.,  Boston  17,  Mass. 

Industrial  Timer  Corp.,  117  Edison  PL. 
Newark  5,  N.  J. 

• Luers,  J.  Milton,  12  Pine  St.,  Mt  Clemens, 
Michigan 

Lumenite  Electric  Co.,  407  S.  Dearborn 
„ St,  Chicago,  III.  w . 

Mallory  & Co.,  Inc.,  P.  R..  3029  E.  Wash- 
ington St.,  Indianapolis  6,  Ind.  , 
North  Electric  Mfg.  Co.,  501  S.  Market 
St,  Gallon,  Ohio  _ 

Paragon  Electric  Co.,  37  W.  Van  Buren 
St,  Chicago  5,  111. 

Philharmonic  Radio  Corp.,  528  E.  72nd 
St,  New  York  21,  N.  Y. 
Photoswitch,  Inc.,  77  Broadway,  Cam- 
bridge 42,  Mass.  „ . 

Portable  Products  Corp.,  C.  J.  Tagliabue 
Dlv.,  550  Park  Ave.,  Brooklyn  5,  N.  *• 
Potter  Instrument  Co.,  136-56  Roosevelt 
Ave.,  Flushing,  Long  Island,  N.  Y. 
Reynolds  Electric  Co..  2650  W.  Congress 
St,  Chicago  12,  111. 
Rlchardson-Allen  Corp.,  15  W.  20th  St, 
New  York  11,  N.  Y.  _ 

Rowe  Radio  Research  Laboratory  to., 
2422  N.  Pulaski  Rd.,  Chicago  39,  III- 
Sangamo  Electric  Co.,  Springfield,  III- 
Standard  Electric  Time  Co.,  89  Logan  St, 
Springfield,  Mass.  . 

Stoelting  Co.,  C.  H.,  424  N.  Homan  A'e., 
Chicago,  111.  _ .. 

Stromberg  Time  Corp.,  109  Lafayette  st, 
Npw  York  M Y 

Struthers-Dunn,  Inc.,  1321  Arch  St,  Phila- 
delphia 7,  Pa.  _ ,,,- 

Teleoptic  Co.,  1241  Mound  Ave.,  Racine, 

Thompson  Clock  Co.,  H.  C.,  38  Federal  St, 
Bristol,  Conn.  ,„.n 

Tork  Clock  Co.,  1 Grove  St,  Mt  Vernon. 

Wallace  & Tieman  Products,  Inc.,  Belle- 
ville, N.  J. 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


Walser  Automatic  Timer  Co.,  420  Lex- 
ington Ave.,  New  York,  N.  Y. 
Westlnghouse  Electric  Corp.,  East  Pitts- 

WornerglEl«tronlc  Devices,  609  West 
Lake  St,  Chicago  6,  lit 
Zenith  Electric  Co.,  162  W.  Walton  St, 
Chicago,  111. 

AUTOMATIC  INTERVAL  TIMERS 

Alien-Bradley  Co.,  136  W.  Greenfield  Ave., 
Milwaukee  2,  Wise. 

Allied  Control  Co.,  Inc.,  2 East  End  Ave., 
New  York  10,  N.  Y. 

American  Time  Products,  Ina,  580  Fifth 
Ave.,  New  York  19,  N.  Y. 

Ansonia  Clock  Co.,  Inc.,  103  Lafayette 
St,  New  York  13.  N.  Y. 

Automatic  Electric  Mfg.  Co.,  10  State  St, 
Mankato,  Minn. 

Automatic  Temperature  Control  Co.,  34  E. 

Logan  St,  Philadelphia  44.  Pa. 

Bacon  Electric  Timer  Corp.,  4513  Brook- 
lyn Ave.,  Cleveland  9,  Ohio 
Bristol  Co.,  Waterbury  91,  Conn. 

Brush  Development  Co.,  3405  Perkins 
Ave.,  Cleveland  14,  Ohio 
Control  Corp.,  600  Stinson  Blvd.,  Minne- 
apolis, Minn. 

Cyclotron  Specialties  Co.,  Moraga,  Calif. 
Cramer  Co.,  R.  W.,  Centerbrook,  Conn. 

Eagle  Signal  Corp.,  Moline,  111. 

Eastman  Kodak  Co.,  Rochester  4,  N.  Y. 
Edison.  Inc.,  Thomas  A..  Instrument  Div., 
51  Lakeside  Ave.,  West  Orange,  N.  J. 
Electric  Controller  & Mfg.  Co.,  2694  East 
79th  St.,  Cleveland,  Ohio 
Electric  Switch  Corp.,  14th  at  Union  St, 
Columbus.  Ind.  _ 

Electronic  Control  Corp.,  1573  E.  Forest 
St,  Detroit,  Mich. 

Electronic  Measurements  Co.,  Red  Bank, 
N.  J. 

Electronic  Sound  Engineering  Co.,  109  N. 

Dearborn  St.,  Chicago  2.  111. 

Engineering  Laboratories,  Inc.,  602  East 
Fourth  St,  Tulsa  3,  Okla 
Gaertner  Scientific  Corp.,  1201  Wright- 
wood  Ave.,  Chicago,  111. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
General  Electric  X-Ray  Corp.,  2012  Jack- 
son  Blvd.,  Chicago,  111. 

Gilbert  Clock  Co..  Wm.  M.,  Winsted,  Conn. 
Gorrell  & Oorrell,  40  Littlefield  Rd.,  New- 
ton  Centre,  Mass. 

Guardian  Electric  Mfg.  Co.,  14 ao  Washing- 
ton  Blvd.,  Chicago  7,  111. 

Haydon  Manufacturing  Co.,  Inc.,  Forest- 
. ville.  Conn. 

Holtzer-Cabot  Signal  Division,  400  Stuart 
St.,  Boston  17,  Mass. 

Industrial  Engineering  Corp.,  Rea  Build- 
. ing,  Terre  Haute,  Ind. 

Industrial  Timer  Corp.,-  117  Edison  PL, 
Newark  5 N J 

Lektra  Laboratories,  Inc./  30  E.  Tenth 
_ St.,  New  York.  N.  Y. 

Luers,  J.  Milton,  12  Pine  St.,  Mt  Clemens, 
Michigan 

Lumenite  Electric  Co.,  407  S.  Dearborn 
St.,  Chicago,  111. 

Lux  Clock  Manufacturing  Co.,  Waterbury, 
Conn. 

Mallory  & Co.  Inc.,  P.  R.,  3029  E.  Wash- 
ington  St..  Indianapolis  6,  Ind. 

Megard  Corp.,  1601  S.  Burlington  St.,  Los 
Angeles  6,  Calif. 

Minneapolis-Honeywell  Regulator  Co., 
2753  Fourth  Ave.  S..  Minneapolis, 
Minn. 

National  Electric  Mfg.  Co.,  103  E.  Ferry 
St,  Berrien  Springs,  Michigan 
Northwestern  Clock  Co.,  514-15  Brown 
Bldg..  Omaha,  Neb. 

Paragon  Electric  Co.,  37  W.  Van  Buren 
-St.,  Chicago  5.  111. 

Philharmonic  Radio  Corp.,  528  E.  72nd 
St,  New  York  21,  N.  Y. 

Photoswitch,  Inc.,  77  Broadway,  Cam- 
bridge  42.  Mass. 

Photovolt  Corp.,  95  Madison  Ave.,  New 
D York  16,  N.  Y. 

Potter  Instrument  Co..  136-56  Roosevelt 
Ave.,  Flushing,  Long  Island,  N.  Y. 
Kawson  Electrical  Instrument  Co..  Inc., 
110  Potter  St.,  Cambridge  42,  Mass. 
Reliance  Automatic  Lighting  Co.,  1920 
Mead  St.,  Racine,  Wise. 

Reynolds  Electric  Co..  2650  W.  Congress 
St..  Chicago  12.  111. 

Richardson-Alien  Corp..  15  W.  20th  St., 
New  York  11,  N.  Y. 

Rleber,  Inc..  Frank  11916  W.  Pico  Blvd., 
e Los  Angeles  34.  Calif. 

Rowe  Radio  Research  Laboratory,  2422  X. 
- Pulaski  Rd..  Chicago  29.  111. 
o&ngamo  Electric  Co..  Springfield,  111. 
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Schaar  & ^°^u754  w-  L«xln*ton  st*  Ch,‘ 

SethCT^omas  Clock,  Div.  of  General  Time 
Instrument  Corp.,  Thomaston,  Conn. 
Signal  Engineering  & Manufacturing  Co., 
164  W.  14th  St..  New  York,  N.  Y. 
Sorenson  A Co.,  375  Fairfield  Ave.,  Stam- 

Sprlngfle'ld  Sound  Co.,  Electronlca  Div..  12 
Cass  St.,  Springfield,  Mass. 

Standard  Electric  Time  Co.,  89  Logan  St.. 
Springfield,  Mass. 

Stoeltlng  Co..  C.  H..  424  N.  Homan  Ave., 
Chicago,  I1L  . .. 

Stromberg  Time  Corp.,  109  Lafayette  St., 
New  York,  N.  Y. 

Struthers-Dunn,  Inc.,  1321  Arch  St.,  Pnl- 

Technical^Products  Co.,  158  Madison  Ave., 
at  Third  St.  Memphis,  Tenn. 

Teleoptic  Co.,  1241  Mound  Ave.,  Racine, 

Thompson  Clock  Co.,  H.  C.,  38  Federal 

St,  Bristol,  Conn.  

Tork  Clock  Co.,  1 Grove  St,  Mt  Vernon, 
NY  ^ 

Union’ Switch  & Signal  Co.,  Swiasvale.  Pa. 
United  Cinephone  Corp.,  65  New  Litchfield 
SL,  Torrington,  Conn. 

Wallace  A TIeman  Producta,  Inc.,  Belle- 
ville, N.  J.  _ _ , ,,  T 

Walser  Automatic  Timer  Co.,  420  Lex- 
ington Ave.,  New  York,  N.  Y. 
Westlnghouse  Electric  Corp.,  East  Fltts- 

Zenlth^Electrfc  Co.,  162  W.  Walton  SL, 
Chicago,  111. 

automatic  reset  timers 

American  Type  Founders,  11  West  42nd 
St.,  New  York,  N.  Y. 

Ansonia  Clock  Co.,  Ino,  103  Lafayette  SL, 

Araj^Mfg10^  Supply  Co.,  3107  Pine  SL, 

Automatic  Electric  Mfg.  Co.,  10  State  SL, 
Mankato,  Minn.  _ 

Automatic  Temperature  Control  Co  , 34  E. 

Logan  St.,  Philadelphia  44,  Pa. 

Bristol  Co.,  Waterbury  91,  Conn. 

Cramer  Co.,  R.  W.,  Centerbrook,  Conn. 
Eagle  Signal  Corp.,  Moline,  111.  _ . . 

General  Control  Co.,  1200  Soldiers  Field 

GorrSf  A^Sorrell? 440  Littlefield  Rd.,  New- 

Haydon  <Mamfl,artur'ng  Co.,  Inc.,  Forest- 

Holtzer-dabot  Signal  Div.,  400  Stuart  SL, 

Industrial1* Timer  "’corp.,  117  Edison  PI, 

Luei?eLaMllton,N12  Pine  SL,  ML  Clemens. 

LumenUe^Electrlc  Co.,  407  S.  Dearborn 

Lux  c'iock^anufacturlng  Co.,  Waterbury, 

Megard" Corp.,  1601  S.  Burlington  St.,  Los 

NatlomfieE*ectrlc  Mfg.  Co^.1 03  E.  Ferry 
of  Berrien  Springs,  Michigan 
Paragon  Electric  Co.,  a 7 W.  Vkn  Buren 

Partfow  CorpCfl  Campion  Rd.,  New  Hart- 

phot'oTwitch;  Inc.,  77  Broadway.  Cam- 

Photovolt6  Con?.^1 96S'  Madison  Ave.,  New 

Portable* Products  Corp..  G J-.  Tagllabue 
Div.,  660  Park  Ave.,  5,  N.  Y. 

Potter  Instrument  Co.,  1J6-56  Roosevelt 
Ave.,  Flushing,  Long  Island,  N.  Y- 
Reliance  Automatic  Lighting  Co.,  1920 
Mead  St.,  Racine,  Wise 

Rlchardson-Allen  Corp.,  15  W.  20th  SL, 

Sangamo  Electric  Co.,  A^ngton^St^'chl- 
Schaar  & Co.,  754  W.  Lexington  St.,  cm 

Self^ndfcg1  Clock  Co  , 205  Willoughby 

sore^^'c^^alrfl^id^ve.,  Stam- 

Standard  E°ectrlc  Time  Co.,  89  Logan  SL, 

StoeftfntKCfloelafc1WN24  North  Homan 

StrombergCTlm(f  Corp.,  109  Lafayette  St., 

Struthers-Dunn,  Inc.,  1321  Arch  St.,  Phil- 

Tech  nlca^FroducW  Co..  158  Madison  Ave., 
at  Third  St..  Memphis.  Tenn. 
Teleoptic  Co.,  1241  Mound  Ave.,  Racine. 
Wise. 


Tork  Clock  Co.,  1 Grove  SL,  Mt.  Vcmon- 
N.  Y. 

Ulanet  Co.,  George,  88  E.  Kinney  SL. 
Newark  5,  N.  J.  _ „ ^ _. 

Westlnghouse  Electric  Corp..  East  Pitts- 
burg Pa. 

Worner  Electronic  Devices,  609  West  Lake 

Zenlfh"Etectric°  Co.,'  i 52  W.  Walton  Sl. 
Chicago,  111. 

PHOTO-ELECTRIC  TIMERS 

Aray  Mfg.  A Supply  Co.,  3107  Pine  Sl 
St.  Louis  3,  Mo. 

Cramer  Co.,  R.  W„  Centerbrook,  Conn. 

Electronic  Measurements  Co.,  Red  BanK. 
N J. 

Electronic  Products  Co.,  19  North  First 
SL,  Geneva,  111.  t . _ XT  ^ 

General  Electric  Co.,  Schenectady  5,  » X 

Megard  Corp.,  1601  S.  Burlington  SL. 

Nation^6  Electric  Mfg.  Co.,  103  E.  Ferry 
SL,  Berrien  Springs,  Mich. 

Potter  Instrument  Co.,  136-56  Roosevelt 
Ave.,  Flushing,  Long  Island,  N.  Y. 

Richardson-Alien  Corp.,  15  W.  20th  8L 
New  York  11,  N.  Y. 

Schaar  & Co.,  764  W.  Lexington  SL,  Chi- 
cago 7,  111. 

Sorensen  & Co.,  375  Fairfield  Ave.,  Staf- 
ford, Conn.  o a ▼ cm 

Standard  Electric  Time  Co.,  89  Logan  BL. 
Springfield,  Mass.  „ ..  — 

Stoelting  Co.,  C.  H.,  424  North  Homan 
Ave.,  Chicago,  I1L  .. 

Technical  Products  Co.,  158  Madison  Ave. 
at  Third  St.,  Memphis,  Tenn. 

United  Cinephone  Corp..  66  New  Litch- 
field SL,  Torrington,  Conn. 

Westlnghouse  Electric  Corp..  East  Pltte- 

Worner Electronic  Devices,  609  West  L»k» 
SL,  Chicago  6,  111. 


WELDING  TIMERS 

Clark  Controller  Co.,  1146  East  152nd  Bv. 
Elsler  Engineering  Co.,  74£  S.  13th  8V. 

Electrfc^Controller  & Mfg.  Co.,  2694  Baat 
79th  SL,  Cleveland,  Ohio 
Electronic  Products  Co.,  19  N.  First  Bl. 

Geneva,  111.  . . k -w  -v 

General  Electric  Co.,  Schenectady  5,  x. 
Glenn-Roberts  Co.,  3100  E.  Tenth  SL,  Qaa* 

Pier  Equipment  Mfg.  Co.,  Benton  Harbor. 

Weltronhl  Co.,  3080  E.  Outer  Drive,  De- 
trolt  17,  Mich.  w 

Westlnghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Tools — 

SCREWDRIVERS  and  SMALL  INSULATED 
TOOLS 

Atlas  Tool  A pesignlngCo.,Cantor  4X»- 
sington  Aves.,  Philadelphia  24,  Pa. 
Bonney  Forge  & Tool  Works,  Allentown 

Bridgeport  Hardware  Mfg^Corp.,  Irani* 
tan  Ave..  Bridgeport,  Conn. 

Burndy  Engrg.  Co,,  Inc.,  107  Bnjcaner 
Blvd.,  New  York  64,  N.  Y. 

Detroit  Power  Screwdriver  Co,,  2801  W 
Fort  SL,  Detroit  16,  Mich.  (Magmktn. 

Dum^eedcruthSrfrnf ’SU.,  Racma 
Ea£tSmhSlL?Phriade^Ia  " 

Fairmount  Tool  & Forge  Co.,  10611  Quinsy 

Gene^Vf'cCere«fg°WSo.,  919  Taylor. 

Gree?leekTool  Co.',  2136  Twelfth  St.,  Rock- 

Hv.P?odT«)1i  Co.,  New  Bedford,  Mask 
Invisible  Tool  Co  611  Empire  Bldg. 

LlniS‘A  CafLesli’e  U.  29  E.  Madison  SL 

0'NeU-i“gn  Mfg.  Co  316  Eighth  Ave. 

Park  Metalware  Co.,  28  Bank  SL,  Orchard 

Richmond.  Inft215  W.  Seventh  SL.  Lo. 

Scherr"  GeoSrge  b.  128  Lafayette  SL,  N« 
Vnrlr  M Y 

Speedway  Mfg.  Cp.,  1834  South  62nd  Av... 

StanSf  Works.  New  Britain,  Conn. 
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Stedman,  Robert  L.,  Oyster  Bay,  New 
York. 

Stevens  Walden,  Inc.,  459  Schrewsbury 
St.,  Worcester,  Mass. 

Tuck  Alfg.  Co.,  74  Ames  St.,  Brockton  64, 
.Muss. 

Utica  Drop  Forge  & Tool  Corp.,  2415 
W lutes Doro  fc»t.,  Utica  4,  N.  v. 

Vaco  Products  Co.,  317  E.  Ontario  St., 
Chicugo  11,  111. 

Webster  Chicago  Corp.,  Manufacturing 
l)iv.,  5622  Bloomingdale  Ave.,  Chi- 
cago :»,y,  in. 

Wlllor  Mfg.  Co.,  794  East  140th  St,  New 
lork  u4,  N.  *. 

Wyse  Laboratories,  211  S.  Ludlow  St, 
Dayton  2,  Ohio 

Transceivers 


ARF  Products  Co..  7627  W.  Lake  St. 
River  Forest,  111. 

Aireon  Mfg.  Corp.,  Kansas  City  15,  Kans. 
Bendix  Radio  Corp.,  Baltimore  4,  Md. 
Farnsworth  Television  & Radio  Corp.,  3700 
l’ontiac  St.,  Fort  Wayne,  Ind. 

Galvin  Mfg.  Corp.,  4545  Augusta  Blvd., 
Chicago,  III. 

Gene1  a I Electric  Co..  Bridgeport,  Conn. 
Hallicra fters  Co.,  2611  S.  Indiana  Ave., 
Chicago  16,  111. 

Iferbarh  & Rademan  Co.,  517  Ludlow  St 
Philadelphia  6,  Pa. 

Hoffman  Radio  Corp.,  3430  S.  Hill  St 
i.os  Angeles,  Calif. 

Lear,  Inc.,  Piqua,  Ohio 
Meek  industries,  John,  Liberty  at  Ponn- 
syl vanla,  Plymouth,  Ind. 

Modco  Mfg.  Co.,  5 West  45th  St.,  New 

lork,  x.  Y. 

Mega  id  Corp.,  1601  S.  Burlington  Ave.. 

Los  Angeles  6,  Calif. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radio  Receptor  Co.,  Inc.,  251  West  19th 
St.,  New  York,  N.  Y. 

Raytheon  Mfg.  Co.,  60  East  42nd  St,  New 
I ork,  N.  Y. 

Hemjer  Co.,  Ltd.,  2101  Bryant  St„  San 
Francisco.  Calif. 

Sear !e  Aero  Industries,  Inc.,  Orange,  Calif. 
rech-Master  Products  Co.,  123  Prince  St 
New  York,  N.  Y.  *’ 

United  States  Television  Mfg.  Corp.,  106 
Seventh  Ave.,  New  York,  N.  Y. 
Westinghouse  Electric  Corp.,  2519  Wilkens 
Ave.t  Baltimore  3,  Md. 

Transformers 

AUDIO  & POWER  TRANSFORMERS 

ACmCuba CN ° Y MfK  C'J"  31  Water  St., 
Advance  ^Transformer  Co.,  14  N.  May  St. 

Airdrsign  & Fabrication,  Inc.,  241  Fair- 
....  r"“!d  Ave.,  Lppcr  Darby,  Pa. 

A 'wTsc41"1®^  C°"  Mlhvaukee  I. 

Altec  Lansing  Corp.,  1680  X Vine  St 
Los  Angeles  28,  Calif. 

American  Television  & Radio  Co..  300  East 
Fourth  Street,  St  Paul  1,  Minn 
Amenca^Transfo^mer  Co.,  178  Emmett 

Am|Xcw  York0tNArnYrlca'  396  Broadw»F. 
AudiS  Co-.  2833  13th  Ave., 

A,,,™'  ??lnK?polis  7-  Minn. 

E'.N'ewS  f°;i  900  P“aa‘=  Ave., 
Be!mont  Radio  Corp.,  5021  W.  Dlckena 

^'ingSn^  'xh'  1200  Gr°Ve  ln- 

Chicago  Transformer  Div.,  Essex  Wire 
?8.rPlil  3501  W*  Add,son  st'  Chicago 
Cinaudagraph  Speakers,  Inc..  3911  s Ml. 

chigan  Ave..  Chicago,  111.  * M 

Consolidated  Radio  Products  Co.,  350  W 
Erie  St,  Chicago  10,  III 
Control  Corp..  6<H)  Stinson  Blvd  Min- 
neapolis, Minn. 

Davis  & Co  Inc.,  Dean  W„  Kentland,  Ind. 
Din  ion  Coil  Co..  Inc.,  1 North  St,  Cale- 
donia, N.  Y. 

Donga.'  Electric  Mfg.  Co.,  2987  Franklin 
St.,  Detroit,  Mich. 

DX  Crystal  Co.,  1200  X.  Claremont  Ave. 

Chicago  22,  111.  ’ 

Eastern  Electronics  Corp.,  41  Chestnut  St 
New  Haven,  Conn. 

Eastern  Specialty  Co.,  3617-19  N.  Eighth 
St.,  Philadelphia  40,  Pa. 

Electric  Heat  Control  Co..  9123  Inman 
Ave.,  Cleveland  5,  Ohio 
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Electrical  Specialty  Co.,  2304  Washington 
St,  Boston,  Mass. 

Electricoil  Transformer  Co.,  421  Canal 
St.  New  York  13,  N.  Y. 

Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Calif. 
Electronic  Components,  423  X.  Western 
Ave.,  Los  Angeles  4.  Calif. 

Electronic  Engineering  Co.,  3223  West  Ar- 
initage  Ave.,  Chicago,  111. 

Electronic  Transformer  Co.,  297  W.  25th 
St.,  New  York,  N.  Y. 

Erie  ^Electric  Co.,  120  Church  St.,  Buffalo. 

Federal  Telephone  and  Radio  Corp.,  691 
Broad  St.,  Newark,  N.  J. 

Ferranti  Electric.  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Foster  Co..  A.  P..  719  Wyoming  Ave., 
Lockland  15,  Ohio 

France  Mfg.  Co..  10325  Berea  Rd.,  Cleve- 
land, Ohio 

Freed  Transformer  Co.,  72  Spring  St.,  New 
York  12,  N.  Y. 

Gardner  Electric  Mfg.  Co.,  4227  Hollis  St., 
Emeryville  8.  Calif. 

General  Electric  Co.,  Schenectady  5.  N.  Y. 
General  Transformer  Corp..  1250  W.  Van 
Buren  St,  Chicago  7,  111. 

Glenn  Roberts  Co..  3100  East  Tenth  St, 
Oakland  1.  Calif. 

Good  a 11  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala,  Nobr. 

Gramer  Co..  2734  N.  Pulaski  Rd.,  Chi- 
cago 39,  111. 

Guided  Radio  Corp.,  161  Sixth  Ave.,  New 
York  13,  N.  Y. 

Hadley  Co..  Robert  M.,  711  E.  61st  St., 
Los  Aneeles.  Calif. 

Halldorson  Company,  The.  4500  Ravens- 
wood  Ave.,  Chicago  28,  Til. 

Helnze  Electric  Co..  Lowell.  Mass. 

Hercules  Electric  & Mfg.  Co.,  Inc..  2500 
Atlantic  Ave..  Brooklyn  7.  N.  Y. 
Hollywood  Transformer  Co..  645  N.  Mar- 
tel  Ave..  Los  Angeles  36.  Calif. 

Hudson  American  Corp.,  25  W.  43rd  St 
New  York.  N.  Y. 

Industrial  Transformer  Corp..  2540  Bel- 
mont Ave..  New  York,  N.  Y. 
International  Transformer  Co.,  39C  Broad- 
way, New  York,  N.  Y 
Jefferson  Electric  Co.,  Bellwood,  111. 
Jensen  Radio  Mfg.  Co.,  6601  S.  Laramie 
Ave..  Chicago.  III. 

Kegron  Mfg.  Co.,  Inc..  18  West  20th  St., 
New  York  11.  N.  Y. 

Kenyon  Transformer  Co.,  840  Barrv  St 
New  York  59,  N.  Y. 

Knickerbocker  Development  Corp.,  116 
Little  St..  BellevMle  9.  N.  J. 

Kyle  Corp..  South  Milwaukee.  Wise. 
Langevln  Co.,  Tnc.,  37  West  65th  St,  New 
i ork,  N.  Y. 

Magna  voxCn..  The.  2131  Bueter  Road, 
Fort  Wayne  4,  Ind. 

Magnetic  Windings  Co.,  Div.  of  Essex 
Wire  Corp.,  416  South  16th  St,  Eas- 
ton. Pa. 

Merit  Coll  & Transformer  Corp.,  4427  N 
Clark  St..  Chicago  40,  III. 

Moloney  Electrie  Co.,  5390  Bircher  Blvd.. 
Rt.  Louis  20.  Mo. 

National  Co.,  61  Sherman  St,  Malden  48. 
Mass. 

Xatlonnl  Mineral  Pn..  2628  X.  Pulaski  Rd„ 
Chicago  39,  111. 

National  Union  Radio  Corp..  15  Washing- 
ton St..  Newark  2.  N.  J. 

^eWxTork  Transformer  Co..  26  Waverly 
-Place.  New  York  3.  N.  Y. 

Newark  Transformer  Co..  17  Frelinghuv- 
sen  Ave..  Newark.  N.  J. 

Newcomb  Audio  Products  Co.,  2815  S 
Hill  St..  Los  Angeles  18.  Calif. 
Northern  Communications  Mfg.  Co  210 
East  40th  St..  New  York.  N.  Y. 
Peerless  Electrical  Products  Co.,  6920  Me- 
Kinley  Ave..  Los  Angeles  1,  Calif. 
Peerless  Laboratories,  461  Tenth  Ave 
New*  York  18,  N.  Y.  ’ 

PennnHux  Corn..  4900  w.  Grand  Ave., 
Chicago,  111. 

Ph"NVw  York  S?" ' y13  Unlvers“y  Place, 
PreCSt.°ncmeaang^^eri,f°”  733  W«‘  °hl° 
RadCamd£i  °XAjerlCa’  RCA  Vlctor  Dlv- 

RadCh!?aCg°„n5;80lln,nC-'  3758  Belm0nt  A™- 
Radlmon0  Itra  Ch"Sg.u  nl:  411  S-  Sa"*a- 
Raytheam,  MraC°''  !''oundry  Wal- 

Re<J  lAingtonf 'x.'  C°rp"  100  Colt  St, 


R°la  Co.,  Inc.,  2530  Superior  Ave.,  Cle\> 
land,  Ohio 

Scientific  Electric  Div.  of  “S”  Corrugated 
Quenched  Gan  Co..  Ill  Monroe  St, 
Garfield,  N.  J. 

Smith  Mfg.  Co.,  Nathan  R.,  105  Pas»- 
dena  Ave.,  South  Pasadena,  Calif. 
Sola  Electric  Co.,  2525  Clybourn  Ave. 
Chicago  14,  111. 

Sonotone  Corp..  P.  O.  Box  200,  Saw  Mill 
River  Road,  Elmsford.  N.  Y. 
Sorensen  & Co.,  375  Fairfield  Ave.,  Stam- 
ford, Conn. 

Standard  Electrical  Products  Co.,  400  Lin- 
den Ave.,  Dayton  3,  Ohio 
Standard  Transformer  Corp.,  1500  N.  Hal- 
sted  St.,  Chicago,  ill. 

States  Co.,  19  New  Park  Ave.,  Hartford 
6,  Conn. 

Stockwell  Transformer  Corp.,  569  S.  Main 
St.,  Akron,  Ohio 

Super  Electric  Products  Corp.,  1057  Sum- 
mit Ave.,  Jersey  City,  N.  J. 
Superior  Electric  Co.,  83  Laurel  SL,  Bri«- 
tol,  Conn. 

Swain  Nelson  Co.,  2320  Glenview  Rd., 
Glenview,  111. 

Telex  Products  Co.,  Telex  Tark,  Minne- 
apolis 1,  Minn. 

Thermador  Electric  Mfg.  Co.,  5119  S.  Riv- 
erside Drive,  Los  Angeles  22,  Calif. 
Thordarson  Electric  Mfg.  Div.,  Maguire 
Industries,  Inc.,  500  W.  Huron  St. 
Chicago  10,  111. 

Transformer  Preducts,  Inc.,  143  \V.  51st 
St.,  New-  York,  N.  Y. 

United  Transformer  Corp.,  150  Varick  St, 
New  York  13,  N.  Y. 

UptegralT  Mfg.  Co.,  R.  E.,  Scottdale,  Pa. 
Utah  Radio  Prf  ducts  Co.,  S20  Orleans  St, 
Chicago,  111. 

Walsh  Engineering  Co.,  34  DeHart  Place, 
Elizabeth,  N.  J. 

Western  Elertrlc  Co.,  Inc.,  120  Broadway, 
New’  York  5,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa.' 

Wheeler  Insulated  W’ire  Co.,  Inc.,  378 
Washington  Ave.,  Bridgeport,  Conn. 
Whisk  Laboratories,  87  Maiden  Lane,  Xew 
York  7,  N.  Y. 

Wyse  Laboratories,  211  S.  Ludlow  St, 
Dayton  2,  Ohio 

CURRENT  TRANSFORMERS 

Advance  Transformer  Co.,  14  N.  May  St, 
Chicago,  HI. 

Airdesign  & Fabrication,  Inc.,  241  Fairfield 
Ave.,  Upper  Darby,  Pa. 

Allis  Chalmers  Mfg.  Co.,  Milwaukee  L 
Wis. 

American  Television  & Radio  Co.,  300  East 
Fourth  SL,  St.  Paul  1,  Minn. 
American  Transformer  Co.,  178  Emmett 
St.,  Newark,  N.  J. 

Amplifier  Co.  of  America,  396  Broadway. 
New  York,  N.  Y. 

Annis  Co.,  R.  B.,  1101  N.  Delaware  St, 
Indianapolis  2,  Ind. 

Associated  Research,  Inc.,  231  S.  Green 
SL,  Chicago  7,  111. 

Burlington  Instrument  Corp.,  214  Xortn 
4th  SL,  Burlington,  Iowa 
Chicago  Transformer  Dlv.,  U«*ex  Wire 
Corp.,  3501  W.  Addison  St.,  Chicago 

18.  D 

Cinaudagraph  Speakers,  Inc.,  3911  a- 
Michigan  Ave.,  Chicago,  111. 

Davis  & Co.,  Dean  W..  Kentland.  Ind. 
Dinlon  Coll  Co.,  Inc.,  North  St.,  Caledonia, 
N.  Y. 

Eastern  Specialty  Co.,  3619  N.  Eighth  St, 
Philadelphia  40.  Pa.  • 

Eisler  Engineering  Co.,  740  South  13th  at, 
New'ark  3,  N.  J.  . _ , ..._ 

Electrical  Facilities,  Inc.,  4224  Holden 
SL,  Oakland  8,  Calif. 

Electricoil  Transformer  Co.,  421  Canal  at, 
New  York  13,  N.  Y.  .. 

Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Calif. 
Electronic  Engineering  Co.,  3223  we 
Armitage  Ave.,  Chicago,  111.  ,..h 

Electronic  Transformer  Co.,  207  W. 

SL,  New'  York,  N.  Y.  Va_» 

Engineering  Laboratories,  Inc.,  60-  n**® 
Fourth  SL,  Tulsa  3,  Okla.  ... 
Esterllne  Angus  Co.,  Inc.,  P.  O.  Box  o • 
Indianapolis,  Ind.  „ 

Federal  Telephone  & Radio  Corp.,  5 
Broad  SL,  Newark,  N.  J.  .flfpller 
Ferranti  Electric,  Inc.,  30  Rockefe 
Plaza,  New  York  20,  N.Y- 
Freed  Transformer  Co.,  72  Spring 

New  York  12,  N.  Y.  *vti 

General  Controls  Co.,  801  Allen 
Glendale,  Calif. 

November  IMS  — ELECTRONICS 
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ELECTRONIC  and  ALLIED  PRODUCTS- 


* General  Electric  Co.,  Schenectady  5,  X.  Y. 
GeSi  Radio  Co.,  275  Massachusetts 

■ Ave.,  Cambridge  39,  Mass. 

General  Transformer  Corp.,  1250  W.  Van 
Buren  St.,  Chicago  7,  111. 

Glenn  Roberts  Co.,  3100  East  Tenth  St, 

. GoodaM*  Klectrl'c  Sdfg.  Co.,  320  N.  Spruce 

. Had&C0rAaofctN|f.:-7Xl  East  61st  St, 
Los  Angeles,  Calif.  _ ^ 

Halldorson  Company,  4500  Ravenswood 
Ave.,  Chicago  28,  HI. 

Hercules  Electric  & Mfg.  Co.,  Inc.,  2500 
Atlantic  Ave.,  Brooklyn  7,  N.  Y. 

Hlckok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 
Industrial  Transformer  Corp.,  2540  Bel- 
mont Ave.,  New  York,  N.  Y. 

Jefferson  Electric  Co.,  Bell  wood.  111. 

Johnson,  E.  F.,  Co.,  Waseca,  Minn. 

Kyle  Corp.,  South  Milwaukee,  Wis. 

! Langevin  Co.,  Inc.,  37  West  65th  St., 

1 New  York,  X.  Y. 

Merit  Coil  & Transformer  Corp.,  4427  N. 

Clark  St.,  Chicago  40,  111.  _ 

Moloney  Electric  Co.,  5390  Bircher  Blvd., 
St.  Louis  20,  Mo.  , , . 

National  Mineral  Co.,  2628  N.  Pulaski 
Rd.,  Chicago  39,  111.  „ w 

National  Union  Radio  Corp.,  15  Washing- 
ton St.,  Newark  2,  N.  J. 

• New  York  Transformer  Co.,  26  Waverly 

Place,  New  York  3,  N.  Y. 

Newark  Transformer  Co.,  17  Frelinghuy- 
sen  Ave.,  Newark,  N.  J. 

Niagara  Electric  Improvement  Corp.,  51 
East  42nd  St.,  New  York,  N.  Y. 
Northelfer  Winding  Labs.,  Ill  Albermarle 
Ave.,  Trenton,  N.  J. 

Peerless  Laboratories,  461  Tenth  Ave., 
New  York  18,  N.  Y.  „ . 

Presto  Electric  Corp..  4511  New  York 
Ave.,  Union  City,  N.  J. 

| Radionic  Transformer  Co.,  411  S.  Sanga- 
\ mon  St,  Chicago,  111. 
i Radio  Corp.  of  America,  RCA  Victor  Dlv., 
Camden,  N.  J. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass. 

Red  Arrow  Electric  Corp.,  100  Colt  St., 
Irvington,  N.  J. 

- Scientific  Electric  Div.  of  “S”  Corrugated 
* Quenched  Gap  Co.,  Ill  Monroe  St, 
Garfield,  N.  J. 

8ola  Electric  Co.,  2525  Clyboum  Ave., 

. Chicago  14,  111. 

! 8uper  Electric  Products  Corp.,  1057  Sum- 
i mit  Ave.,  Jersey  City,  N.  J. 

Superior  Electric  Co.,  83  Laurel  St.,  Bris- 
1 tol,  Conn. 

| Thordarson  Electric  Mfg.  Div.,  Maguire 
| Industries,  Inc.,  500  W.  Huron  St., 

1 Chicago  10.  III. 

Transformer  Products,  Inc.,  143  W.  51st 
St,  New  York,  N.  Y. 

United  Transformer  Corp.,  150  Varick  St., 
_ New  York  13,  N.  Y. 

Uptegraff  Mfg.  Co..  R.  E..  Scottdale,  Pa. 
Utah  Radio  Products  Co.,  820  Orleans  St., 

, Chicago.  111. 

Walsh  Engineering  Co.,  34  Dehart  Place, 
j _ Elizabeth.  N.  J. 

) Welch  Scientific  Co..  W.  M..  1515  Sedg- 
w wick  St.  Chicago  10,  III. 

Western  Electro-Mechanical  Co.,  300 
_ Broadway,  Oakland.  Calif. 
Westinghouse  Electric  Corp.,  East  Pltta- 
burgh,  Pa. 

Weston  Electrical  Instrument  Corp.,  614 
_ Frelinghuysen  Ave.,  Newark  6,  N.  J. 
Wheeler  Insulated  Wire  Co.,  Inc.,  378 
Washington  Ave.,  Bridgeport,  Conn. 

| Whisk  Laboratories,  87  Maiden  Lane, 
New  York  7,  N.  Y. 

Wyse  Laboratories,  211  S.  Ludlow  St., 
Dayton  2,  Ohio 


INSTRUMENT  TRANSFORMERS 

Allis  Chalmers  Mfg.  Co.,  Milwaukee  1, 
Wis. 

American  Transformer  Co.,  178  Emmett 
St.,  Newark,  N.  J. 

Amplifier  Co.  of  America,  396  Broadway, 
New  York,  N.  Y. 

Annls  Co..  R.  B..  1101  N.  Delaware  St., 
Indianapolis  2,  Ind. 

Associated  Research.  Inc.,  231  S.  Green 
. 4 St.  Chicago  7,  111. 

Automatic  Mfg.  Co.,  900  Passaic  Ave.. 
E.  Newark,  N.  J. 

Mfg.  Co.,  Inc.,  1200  Grove  St.,  Irv- 
n ington  1,  N.  J. 

Boes  Co..  W.  W.,  3001  Salem  Ave.,  Day- 
„ ton  3,  Ohio 

Burlington  Instrument  Corp.,  214  North 
4th  St.,  Burlington,  la. 

ELECTRONICS  — November  IMS 


Cambridge  Thermionic  Corp.,  445  Concord 
Ave.,  Cambridge,  Mass. 

Chicago  Transformer  Div.,  Essex  Wire 
Corp.,  3501  W.  Addison  St,  Chicago 

Davis**  Co.,  Inc.,  Dean  W.,  Kentland,  Ind. 
Dinion  Coil  Co.  Inc.,  1 North  St.,  Cale- 

Eastern  Specialty  Co.,  3617-19  N.  Eighth 
St.,  Philadelphia  4 0,  Pa.  . 

Eisler  Engineering  Co.,  740  South  13th 
St.,  Newark  3,  X.  J.  TT 

Electrical  Facilities,  Inc.,  4224  Holden 
St.,  Oakland  8,  Calif. 

Electronic  Engineering  Co.,  3223  V est 
Armitage  Ave.,  Chicago,  111. 

Electronic  Transformer  Co.,  207  West. 

25th  St.,  New  York,  N.  Y. 

Engineering  Laboratories,  Inc.,  602  East 
Fourth  St.,  Tulsa  3,  Okla. 

Erie  Electric  Co.,  120  Church  St.,  Buffalo, 

N.  Y. 

Esterline-Angus  Co.,  Inc.,  P.  O.  Box  596, 
Indianapolis,  Ind.  , „ 

Ferranti  Electric  Inc.,  30  Rockefeller 
Plaza.  New  York  20,  N.  Y. 

General  Electric  Co.,  Schenectady  5.  N.  Y. 
General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass 
General  Transformer  Corp.,  1250  W.  Van 
Buren  St.,  Chicago  7,  111.  . 

Hlckok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 
Hollvwood  Transformer  Co.,  645  N.  Mar- 
tel Ave..  Los  Angeles  36,  Calif. 
International  Transformer  Co.,  396  Broad- 
way, New  York,  N.  Y. 

Johnson  Co.,  E.  F.,  Waseca,  Minn. 

Knickerbocker  Development  Corp.,  116 

Little  St.,  Belleville  9,  N.  J. 

Magnetic  Windings  Co.,  Div.  of  Essex 
Wire  Corp.,  416  South  16th  St.,  Eas- 
ton, Pa.  . _ 

Merit  Coil  & Transformer  Corp.,  4427 

N.  Clark  St.,  Chicago  40,  111. 

National  Co.,  61  Sherman  St.,  Malden  48, 

National8' Mineral  Co.,  2628  N.  Pulaski 
Rd.,  Chicago  39,  111. 

New  York  Transformer  Co.,  26  Waverly 
Place,  New  York  3,  N.  Y. 

Newark  Transformer  Co.,  17  Frelinghuy- 
sen Ave.,  Newark,  N.  J. 

Niagara  Electric  Improvement  Corp.,  51 
East  42nd  St..  New  York,  N.  Y. 
Northern  Communications  Mfg.  Co.,  2iu 
East  40th  St.,  New  York,  N.  Y. 

Presto’  Electric  Co.,  4511  New  York  Ave., 

RadionCorpCoT America,  RCA  Victor  Div., 
Camden,  N.  J.  ~ 

Radionic  Transformer  Co.,  411  S.  Sanga- 
mon St,  Chicago,  111. 

Red  Arrow  Electric  Corp.,  100  Colt  St., 
Irvington,  N.  J.  ^ 

Roller-Smith,  Bethlehem,  Pa.  _ . . 

Scientific  Electric  Div.  of  * S Corrugated 
Quenched  Gap  Co.,  Ill  Monroe  St., 

SparkesflM&.  Co.,' *18  Jefferson  St.,  New- 
ark,  N.  J. 

Super  Electric  Products  Corp..  1057  Sum- 
mit Ave.,  Jersey  City,  X J. 

United  Transformer  Corp.,  150  Varick  at., 
New  York  13,  N.  Y. 

Unteeraff  Mfg.  Co.,  R.  E-.  Scottdale,  Pa. 
Walsh  Engineering  Co.,  34  De  Hart  Place, 

Wes Unghouse  Electric  Corp.,  East  Pitts- 

Weston^Elecfrlcal  Instrument  Coro.  ,614 
Frelinghuysen  Ave.,  Newark  6,  N.  J. 
Wheeler  Insulated  Wire  Co.,  Inc.,  378 
Washington  Ave.,  Brldgeport  com, 
Whisk  Laboratories,  87  Maiden  Lane, 

Wyse ^Laboratories,  211  S.  Ludlow  St., 
Dayton  2,  Ohio 

HT  AND  IF  TRANSFORMERS 

Aladdin  Radio  Industries,  Inc.,  601  W. 

35th  St..  Chicago  16,  111. 

Automatic  Mfg.  Co.,  900  Passaic  Ave., 

Barker*  WUUam^n,  235  Fairfield  Ave., 

Best*  fifth  Co..  Inc..  1200  Grove  St.,  Irv- 

Bridgeport  Mfg.'  Co.,  Bridgeport  III 
Cambridge  Thermionic  Corp.,  445  Concord 
Ave..  Cambridge.  Mass. 

Carron  Mfg.  Co.,  415  S.  Aberdeen  St., 

Cont?MCo?p.™600  Stinson  Blvd.,  Minne- 

DX  CrystklMCo"'  1200  N.  Claremont  Ave., 


Chicago  22,  111. 


Eastern  Electronics  Corp.,  41  Chestnut 
St.,  New  Haven,  Conn. 

Electrical  Specialty  Co.,  2304  Washington 
St..  Boston,  Mass. 

Electrlcoil  Transformer  Co.,  421  Canal  St., 
New  York  13.  X.  Y.  w 

Electronic  Transformer  Co.,  207  W.  25tl» 

St.,  New  York,  X.  Y. 

Electronic  Winding  Co.,  5031  Broadway, 
Chicago  40,  III.  „ _ _ 

Engineering  Laboratories.  Inc.,  602  Last 
Fourth  St.,  Tulsa  3,  Okla.  ^ 

Essex  Electronics  1060  Broad  St.,  Newark 
z,  N.  J. 

Federal  Instrument  Co.,  3931  47th  Ave., 
Long  Island  City  4,  N.  Y. 

Federal  Telephone  and  Radio  Corp.,  591 
Broad  St.,  Newark,  X.  J. 

Ferranti  Electric,  Inc..  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Franklin  Transformer  Mfg.  Co.,  65  22na 
Ave.,  N.  E.,  Minneapolis  13,  Minn. 
General  Electric  Co.,  Schenectady  5,  X.  Y. 
General  Winding  Co..  420  West  45th  St., 
New  York,  N.  Y. 

Guthman  & Co.,  E.  L,  15  S.  Throop  8t, 
Chicago,  ill. 

Hamrnarlund  Mfg.  Co.,  Inc.,  460  W.  34th 
St.,  New  York  1,  N.  Y. 

Harvey  Radio  Laboratories,  Inc.,  447  Con- 
cord Ave.,  Cambridge,  Mass. 

Hercules  Electric  A Mfg.  Co.,  Inc.,  2500 
Atlantic  Ave.,  Brooklyn  7,  N.  Y. 
Industrial  Transformer  Corp.,  2540  Bel- 
mont Ave.,  New  York,  N.  Y. 

Johnson  Co.  E.  F.,  Waseca,  Minn. 
Knickerbocker  Development  Corp.,  110 
Little  St.,  Belleville  9,  N.  J.  „ 
Lawton  Products  Co.,  Inc.,  624  Madison 
Ave.,  New  York  22,  N.  Y. 

Meissner  Mfg.  Div.,  Maguire  Industries, 
Inc.,  Mt.  Carmel,  111. 

Merit  Coil  & Transformer  Corp.,  4427 
N.  Clark  St.,  Chicago  40,  111. 

Millen  Mfg.  Co.,  James,  150  Exchange  St., 
Malden,  Mass. 

National  Co.,  Inc.,  61  Sherman  St.,  Mal- 
den 48,  Mass.  _ , . . 

National  Mineral  Co.,  2628  N.  Pulaski 
Rd.,  Chicago  39,  111. 

New  England  Radioorafters,  1156  Com- 
monwealth Ave.,  Boston  34,  Mass. 
Philmore  Mfg.  Co.,  113  University  Place, 
New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J.  _ . 

Richardson-Alien  Corp.,  15  West  20th  St., 
New  York  11,  N.  Y 

S-W  Inductor  Co.,  1056.  N.  Wood  St, 
Chicago,  111.  _ . 

Scientific  Electric  Div.  of  “S”  Corrugated 
Quenched  Gap  Co.,  Ill  Monroe  St., 
Garfield,  N.  J.  _ , 

Sickles  Co.,  F.  W.,  165  Front  St.,  Chico- 
pee, Mass.  _ _ . _ _T 

Sonora  Radio  & Television  Corp.,  325  N. 

Hoyne  Ave.,  Chicago  12,  111. 

Sound  Equipment  Corp.  of  California,  3903 
San  Fernando  Road.  Glendale  4, .Calif. 
Standard  Coil  Products  Go.,  2329  N. 

Pulaski  Rd.,  Chicago  18,  111.  

Super  Electric  Products  Corp,,  1057  Sum- 
mit Ave.,  Jersey  City,  N.  J. 

Swain  Nelson  Co.,  2320  Glenview  Rd., 
Glenview,  111. 

Telerad lo  Engineering  Corp.,  99  Wall  St., 

Westinghouse  Electric  Corp.,  East  Pitts- 

Wvse  Laboratories,  211  S.  Ludlow  St., 
Dayton  2,  Ohio 

transmitter  transformers 

Advance  Transformer  Co.,  14  N.  May  St.. 

AlrdSlgn8*  Fabrication  Inc.,  241  Fair- 
field  Ave.,  Upper  Darby,  Pa. 

American  Transformer  Co.,  178  Emmett 

Audio* Development  Co.,  2833-1 3th  Ave.  S., 

BarkdT^imamson,,n236  Fairfield  Ave.. 

ChlcagoeTransfornfer'  Div.,  Essex  Wire 

Ch  Corp..  3501  w.  Addison  St,  Chicago 
r.„„ilSi.Co  Inc  Dean  W„  Kentland,  Ind. 

ElectH'con6  Transformer^  Co..  421  Canal 

Electronic  "Engineering^  Co.,  Mil  West 

E,ec.AromcaTranSformer  Co..'207  W.  250. 

w-  «■  — 
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Federal  Telephone  and  Radio  Corp.,  691 
Broad  St.,  Newark,  N.  J. 

Ferranti  Electric,  Inc.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Foster  Co.,  A.  P.,  719  Wyoming  Ave., 
Lockland  15,  Ohio 

Freed  Transformer  Co.,  72  Spring  St, 
New  York  12,  N.  Y. 

Gardner  Electric  Mfg.  Co.,  4227  Hollis 
St,  Emeryville  8,  Calif. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 
Glenn  Roberts  Co.,  3100  East  Tenth  St., 
Oakland  1,  Calif. 

Gramer  Co.,  2734  N.  Pulaski  Rd.,  Chicago 
39,  111. 

Hadley  Co.,  Robert  M.,  711  E.  61st  St, 
Los  Angeles,  Calif. 

Halldorson  Company,  4500  Ravenswood 
Ave.,  Chicago  28,  111. 

Hercules  Electric  & Mfg.  Co.,  Inc.,  2500 
Atlantic  Ave.,  Brooklyn  7,  N.  Y. 
Hudson  American  Corp.,  25  W.  43rd  St 
New  York,  N.  Y. 

industrial  Transformer  Corp.,  2540  Bel- 
mont Ave  New  York,  N.  Y. 
ntemational  Transformer  Co.,  396  Broad- 
way, New  York,  N.  Y. 

Jefferson  Electric  Co.,  Bellwood,  III 
Ae.'iyon  Transformer  Co.,  840  Barry  St 
New  York  69,  N.  Y. 

;<yie  Corp..  South  Milwaukee,  Wise. 
Langevin  Co.,  Inc.,  37  West  65th  St.  New 
York,  N.  Y. 

Lew^t  Corp.,  60  Broadway,  Brooklyn, 

Magnetic  Windings  Co.,  Div.  of  Essex 
Wire  Corp..  416  South  16th  St,  Eas- 
ton, Pa. 

National  Mineral  Co.,  2628  N.  Pulaski 
Rd..  Chicago  39,  111. 

New  York  Transformer  Co.,  26  Waverly 
Place,  New  York  3,  N.  Y.  y 

Newark  Transformer  Co.,  17  Freling- 
huysen  Ave.,  Newark,  k.  J.  * 

Northern  Communications  Mfg.  Co..  210 
Bast  40th  St.,  New  York,  N.  Y. 
Northelfer  Winding  Labs.,  Ill  Albemarle 
Ave.,  Trenton,  N.  J. 

Peerless  Electrical  Products  Co.,  6920 
^ey  \ve-’  1,08  Angeles  1,  Calif. 
Precision  Transformer  Co.,  733  West  Ohio 
„ ^ St-  Chicago  10,  111. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radionic  Controls  . Inc.,  3758  Belmont 
Ave..  Chicago,  111. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham. Mass. 

RoJa  Co..  Inc.,  2530  Superior  Ave.,  Cleve- 
land.  Ohio 

Scientific  Electric  Div.  of  **S”  Corrugated 

assESvy  Co- 111  Monroe  st- 

Sofa  Elec, rfc  Co,  2525  Clybonrn  Ave., 
Chicago  14,  111. 

Sorenson  & Company,  875  Fairfield  Ave., 
Stamford,  Conn. 

Standard  Electrical  Products  Co.,  400  Lin- 
...  den  Ave.,  Dayton  3,  Ohio 
standard  Transformer  Corp.,  1500  N Hal- 
sted  St..  Chicago,  Ifl. 

Super  Electric  Products  Corp.,  1057  Sum- 
„ J“’,t.Ava:  Jersey  city,  N.  J. 
Thermador  Elec.  Mfg.  Co.,  5119  S.  Bfver- 

^rive,  Los  Angeles  22,  Calif. 

Tho?1"™  Dlectrlc  Mfg.  Div..  Maguire 
Industries  Inc.,  500  W.  Huron  St„ 
Chicago  10,  HI. 

Transformer  Products,  Inc.,  143  W.  51st 
„ York,  N.  Y. 

NewrYo?k°13eNC  YP'’  150  Varlck  SL- 

Utah9tR%dm  Prrxiv,riR  Co-  820  Orleans 
m »t.  Chicago,  111. 

WeaburghU  paEIeCtriC  Corp”  East  Pitts- 
feeler  insulated  Wire  Co.,  Inc.,  878 
wai^shinKt?n  Aveu  Bridgeport.  Conn. 
Wh'%rifb7°rN  y”'  Ma,d6n  Iittne.  New 

VOLTAGE  REGULATING  TRANSFORMERS 

ACmCubI?N!°Yft  Mfe-  C°-'  31  Water  SL- 
Airdeaign  & Fabrication,  Inc.,  241  Fairfield 
Ave.,  Upper  Darby,  Pa. 

st?nNvwSr.fNnjr  Co- 178  Emmett 

AmPNew  Yi”rk°N AV  er‘Ca’  396  Broaa"'ay 
gfj‘?  ^TTy  Oean  W„  Kentland,  Tnd. 

St  NfiaTk  JBNCj'  740  South  13th 

E'eCstaB&Cn'a,iLCs'>  •'  2304  Washln>«°" 
ESqoUu,fhmPpnatsatS: 


Electronic  Engineering  Co.,  3223  W. 
Armitage  Ave.,  Chicago,  111. 

Electronic  Transformer  Co.,  207  W.  26th 
St.,  New  York,  N.  Y. 

Ferranti  Electric  Co.,  30  Rockefeller 
Plaza,  New  York  20,  N.  Y. 

Freed  Transformer  Co.,  72  Spring  St., 
New  York  12,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass. 

Gulow  Corp.,  26  Waverly  Place,  New  York 
3.  N.  Y. 

Halldorson  Company,  4500  Ravenswood 
Ave.,  Chicago  28,  111. 

Industrial  Transformer  Corp.,  2540  Bel- 
mont Ave.,  New  York,  N.  Y. 

International  Transformer  Co.,  396  Broad- 
way, New  York.  N.  Y. 

National  Mineral  Co..  2628  N.  Pulaski 
Rd.,  Chicago  39,  111. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Radionic  Transformer  Co.,  411  S.  Sang- 
amon SL,  Chicago,  111. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
them,  Mass. 

Scientific  Electric  Div.  of  “S”  Corrugated 
Quenched  Gap  Co.,  Ill  Monroe  SL, 
Garfield,  N.  J. 

Sola  Electric  Co.,  2525  Clybourn  Ave., 
Chicago  14,  111. 

Sorensen  & Co.,  375  Fairfield  Ave.,  Stam- 
ford. Conn. 

Standard  Transformer  Corp.,  1500  N. 
Halsted  SL.  Chicago,  III. 

Stock  well  Transformer  Corp.,  569  S.  Main 
SL.  Akron,  Ohio 

Superior  Electric  Co.,  83  Laurel  St.,  Bris- 
tol, Conn. 

Thordarson  Electric  Mfg.  Div.,  Maguire 
Industries.  Inc.,  500  W.  Huron  SL, 
Chicago  10,  111. 

Transformer  Products  Inc.,  143  W.  51st 
St.,  New  York,  N.  Y. 

United  Transformer  Corp.,  150  Varlck  SL. 
New  York  13,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh. Pa. 

Wheeler  Insulated  Wire  Co.,  Inc.,  378 
Washington  Ave..  Bridgeport,  Conn. 

Whisk  Laboratories,  87  Malden  Lane,  New 
York  7.  N.  Y. 


Transmitters _ 


Abbott  Instrument  Inc.,  8 W.  18th  St 
New  York,  N.  Y.  *’ 

Aero  Communications,  Inc.,  231  Main  SL 
Hempstead,  L.  I..  N.  Y. 

Air  Associates,  Inc.,  5827  W.  Century 
Blvd.,  Los  Angeles  45.  Calif. 

Air  Communications,  Inc.,  2233  Grand 
Ave.,  Kansas  City  8,  Mo. 

AIr  Products  Co.,  Inc.,  1523  63rd 

St.,  Brooklyn,  N.  Y. 

Alradio,  Inc.,  Melrose  Ave.  A Battery  PI 
Stamford,  Conn. 

Alreon  Manufacturing  Corp..  Fairfax  & 

Ai™U»?Uon.,,Rd>  Kansas  City  15.  Kansas 
Aircraft  Radio  Corp.,  Boonton,  N.  J. 
Airplane  & Marine  Instruments  Inc., 
Clearfield.  Pa. 

American  Communications  Corp  306 
Broadway.  New  York.  N.  Y 
American  Radio  Co  511  E.  Garfield  Ave.. 
Glendale,  Calif. 

Arnesscn  Electric  Co.,  116  Broad  St.  New 
York,  N.  Y. 

Automatic  Electric  Co..  1033  W Van 
Buren  St..  Chicago  7.  111. 

Barker  & Williamson.  235  Fairfield  Ave., 
Upper  Darby.  Pa. 

RaSSpt*  Lauderdale,  F*la.^’  * Se“"d  St- 

Ax"!  CM,'agS0m:'  6921  W'  Dickena 
Bendlx  AvlationCorp.,  Pacific  Div.,  11600 
Calif”1*"  Way'  x°rth  Hollywood, 

Ben  BLR±°eD4!VMdend,X  AVlaU°n  C0r*>- 
^^Yirk1  N"  Y °"  915  Broadway.  New 
Bunnell. H„  215  Fulton  St,  New 

Collins  Radio  Co.,  8S5-35th  St  N E 
Cedar  Rapids.  Iowa 

GOl°fak>  ?aK,0T,0^P',  254  Rano  St*’  Buf- 
Communlcatlons  Co.,  Inc..  300  Greco  Ave 
Coral  Gables  34,  Fla.  ’ 

Communication  Measurement  Laboratory, 
120  Greenwich  St..  New  York.  N Y 
Communications  Eoufpment  Corn  134 
\v est  Colorado  St.,  Pasadena  1 Calif 

Cr°ta,,rr£h,r9  Art,n*ton  St  - CinSlif: 
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DoolUtle  Radio,  Inc.,  7421  S.  Looral, 
Blvd.,  Chicago,  111. 

DuMont  Laboratories,  Inc.,  Allen  B.,  2 
Main  Ave.,  Passaic,  N.  J. 

Eckstein  Radio  & Television  Co.,  914  La 
Salle  Ave.,  Minneapolis  2,  Minn. 
Electronic  Corp.  of  America,  45  West  18th 
SL,  New  York  11,  N.  Y. 

Electronic  Specialty  Co.,  3456  Glendale 
Blvd.,  Los  Angeles,  Calif. 

Erco  Radio  Labs,  Inc.,  Fenimore  Ave., 
Hempstead,  N.  Y. 

Fada  Radio  & Electric  Co.,  Inc.,  30-20 
Thomson  Ave.,  Long  Island  City,  N.Y. 
Farnsworth  Television  & Radio  Corp., 
3702  Pontiac  SL,  Fort  Wayne,  Ind. 
Federal  Telephone  and  Radio  Corp.,  591 
Broad  St.,  Newark,  N.  J. 

Fisher  Research  Laboratory.  1961  Uni- 
versity Ave.,  Palo  Alto,  Calif. 

Foote  Pierson  & Co.,  Inc.,  75  Hudson  St, 
Newark  4,  N.  J. 

Freed  Radio  Corp.,  200  Hudson  SL,  New 
York.  N.  Y. 

Galvin  Mfg.  Corp.,  4545  Augusta  Blvd. 
Chicago  51,  111. 

Garod  Radio  Corp.,  70  Washington  St. 
Brooklyn,  N.  Y. 

Gates  Radio  Co.,  220  Hampshire  St. 
Quincy,  111. 

General  Communication  Co.,  530  Common- 
wealth Ave.,  Boston  15,  Mass. 

General  Electric  Co.,  1 River  Rd.,  Sche- 
nectady 5,  New  York 
Grady  Instrument  Co.,  11  Bailey  Ave, 
Watertown  72,  Mass. 

Gray  Radio  Co.,  730  Okeeshobee  Rd.. 

West  Palm  Beach,  Fla. 

Hallicrafters  Co.,  2611  Indiana  Ave,  Chi- 
cago 16,  111. 

Halstead  Traffic  Communications  Corp., 
155  E.  44  St.,  New  York,  N.  Y. 
Hamilton  Radio  Corp.,  510  Sixth  Ave, 
New  York,  N.  Y. 

Hammarlund  Mfg.  Co.,  Inc.,  460  W.  34 
St.,  New  York  1,  N.  Y. 

Harvey  Radio  Laboratories,  Inc.,  447  ; 

Concord  Ave.,  Cambridge,  Mass. 
Harvey-Wells  Electronics,  Inc.,  North  St,  | 
Southbridge,  Mass. 

Hatcher  & Fisk,  125  Kansas  Ave,  Topeka. 
Kans. 

Hazeltine  Electronics  Corp.,  1775  Broad- 
way, New  York,  N.  Y. 

Heath  Co.,  Benton  Harbor,  Mlclt 
Herbach  & Rademan  Co.,  Mfg.  Div.,  517 
Ludlow  SL,  Philadelphia  6,  Pa. 
Higgins  Industries,  Inc.,  2221  Warwick 
Ave.,  Santa  Monica,  Calif. 

Howard  Radio  Co.,  1735  Belmont  Ave.. 
Chicago  13.  III. 

Hudson  American  Corp.,  25  W.  43rd  St, 
New  York,  N.  Y. 

Isllp  Radio  Mfg.  Corp.,  Foot  of  Beech 
St.,  Islip,  New  York 
Jefferson,  Inc.,  Ray,  40  E.  Merrick  Rd., 
Freeport,  Long  Island,  N.  Y. 

Jefferson -Travis  Radio  Mfg.  Corp..  245 
East  23rd  Street,  New  York  10.  N.  Y 
Johnson,  E.  F.,  Co..  Waseca,  Minn. 

Kaar  Engineering  Co.,  619  Emerson  St.. 

Palo  Alto.  Calif. 

Lear,  Inc.,  Plqua,  Ohio 
Lew.vt  Corp.,  60  Broadway,  Brooklyn, 
New  York  _ , 

Link,  Fred  M.,  125  W.  17th  St.,  New  York. 
N.  Y. 

Majestic  Radio  & Television  Corp.,  2600 
W.  50th  Street,  Chicago,  Til. 

Meek  Industries,  John.  Plymouth,  Ind. 
Megard  Corp..  1601  R.  Burlington  St.,  Los 
Angeles  6,  Calif.  . 

Meissner  Mfg.  Div.,  Maguire  Industries, 
Inc.,  Mt.  Carmel.  111. 

Mlllen  Mfg.  Co..  James.  150  Exchange  SL, 
Malden,  Mass.  . 

National  Co..  Inc.,  61  Sherman  St..  Mal- 
den 48,  Mass.  . 

Oregon  Electric  Mfg.  Co..  206  S.  W.  Wash- 
ington St..  Portland  4,  Oregon 
Pacific  Electronics.  Sprague  at  Jefferson 
SL,  Spokane,  Wash.  _ 

Packard  Bell  Co..  1115  So.  Hope  SL,  Lo* 
Angeles  Calif 

Philharmonic  Radio  Corp.,  528  East  72nd 
St..  New  York  21.  N.  Y. 

Press  Wireless  Inc.,  1476  Broadway,  >ew 
York,  N.  Y.  , 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden.  N.  J. 

Radio  Craftsmen,  1341  S.  Michigan  Ave.. 
Chicago.  111. 

Radio  Engineering  Laboratories.  Inc.,  so- 
54  3f.th  St..  Lone  Island  City.  N.  » 
Radio  Laboratories,  Inc..  2701  California 
Ave..  Seattle  6,  Wash.  . 

Radio  Mfg.  Engineers,  Inc.,  804  First 
Ave.,  Peoria,  111. 

November  TMi  - ELECTRONICS 
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Radio  Navigational  Instrument  Corp., 
500  Fifth  Avenue,  New  York,  N.  Y. 

Radio  Receptor  Co.,  251  W.  19th  St., 
New  York  11,  N.  Y. 

Radiomarine  Corp.  of  America,  75  Varick 
St,  New  York,  N.  Y. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass. 

Richardson-Alien  Corp.,  15  West  2.0th  St, 
New  York  11,  N.  Y. 

Scientific  Radio  Products  Co.,  738  W. 
Broadway,  Council  Bluffs,  Iowa 

Sheridan  Electronics  Corp.,  2860  S.  Michi- 
gan Ave.,  Chicago,  111. 

Sherron  Electronics  Co.,  1201  Flushing 
Ave.,  Brooklyn  6,  N.  Y. 

Sonora  Radio  A Television  Corp.,  325  N. 
Hoyne  Ave.,  Chicago  28,  111. 

Sparks-Withington  Co.,  2400  E.  Ganson 
St,  Jackson,  Mich. 

Taybem  Equipment  Co.,  120  Greenwich 
St,  New  York  6,  N.  Y. 

Technical  Devices  Corp.,  Beaufort  & Eagle 
Rock  Avea,  Roseland,  N.  J. 

Technical  Radio  Co.,  275  Ninth  St.,  San 
Francisco,  Calif. 

Telephonies  Corp.,  350  West  31st  St,  New 
York  1,  N.  Y. 

Televiso  Products  Inc.,  6533  N.  Olmsted 
Ave.,  Chicago,  111. 

Templetone  Radio  Mfg.  Corp.,  New  Lon- 
don, Conn. 

Transmitter  Equipment  Mfg.  Co.  Inc.,  345 
Hudson  St,  New  York  14,  N.  Y. 

U.  S.  Television  Manufacturing  Corp.,  106 
Seventh  Ave.,  New  York  11,  N.  Y. 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 

Westinghouse  Electric -Corp.,  East  Pitts- 
burgh. Pa. 

Westinghouse  Electric  & Mfg.  Co.,  Elec- 
tronics A X-Ray  Divisions,  Baltimore 
3,  Md. 

Wilcox  Electric  Co.,  1400  Chestnut  St., 
Kansas  City,  Mo. 

Wilcox  Gay  Corp.,  Charlotte,  Mich. 

Winters  & Crampton  Corp.,  150  Wilson 
Ave..  Grand ville.  Mich. 


AIRCRAFT  TRANSMITTERS 

Air  Communications,  Inc.,  Kansas  City  8, 
Mo. 

Bendlx  Radio  Corp.,  Baltimore  3,  Md. 

Collins  Radio  Co.,  Cedar  Rapids,  Iowa 
Gates  Radio  A Supply  Co.,  Quincy.  111. 
General  Electric  Co.,  Bridgei»ort,  Conn. 
Hallicrafters  Co.,  2611  S.  Indiana  Ave., 
TT  Chicago,  111. 

Herbach  A Rademan  Co.,  517  Ludlow  St., 
Philadelphia  6,  Pa. 

Inc.,  Piqua,  Ohio 

Midwest  Radio  Corp.,  909  Broadway,  Cln- 
„ cinnatl,  Ohio 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Raytheon  Mfg.  Co.,  60  East  42nd  St.,  New 
_ York  17,  N.  Y. 

Searle  Aero  Industries,  Inc.,  Orange,  Calif. 
” estern  Electric  Co.,  120  Broadway,  New 
York,  N.  Y. 

Westinghouse  Electric  Corp.,  2511  Wilkens 
Ave.,  Baltimore  3.  Md. 

RAILROAD  TRANSMITTERS 

Alreon  Mfg.  Co.,  Fairfax  A Funston  Rd., 
Kansas  City  15,  Kans. 

Bendix  Radio  Corp.,  Baltimore  4,  Md. 
Famerworth  Television  A Radio  Corp.,  3700 
c i futile  St,  Fort  Wayne,  Ind. 

Galvin  Mfg.  Corp.,  4545  Augusta  Blvd., 
Chicago,  111. 

General  Electric  Co.,  Bridgeport,  Conn. 
Hallicrafters  Co.,  2611  S.  Indiana  Ave., 
Chicago,  111. 

Herbach  A Rademan  Co.,  617  Ludlow  St., 
PhlJadelphla  6,  Pa. 

Medco  Mfg.  Co.,  5 West  45th  St.,  New 
_ York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Raytheon  Mfg.  Co.,  60  East  42nd  St,  New 
York  17,  N.  Y. 

Westinghouse  Electric  Corp.,  2519  Wilkens 
Ave.>  Baltimore  3,  Md. 

television  transmitters 

Laboratories,  Inc.,  Allen  B.,  2 
Main  Ave..  Passaic.  N.  J. 

Farnsworth  Television  A Radio  Corp.,  3700 
Pontiac  St.,  Fort  Wayne,  Ind. 

T?oSfra^  E,ectrlc  Co.,  Bridgeport,  Conn. 
nad'o  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Western  Electric  Co.,  120  Broadway,  New 
_ York,  N.  Y. 

Westinghouse  Electric  Corp.,  2519  Wilkens 
Ave.,  Baltimore  3,  Md. 


Tubes. 


CATHODE  BAT  TUBES 


DuMont  Laboratories,  Inc.,  Allen  B.,  2 
Main  Ave.,  Passaic,  N.  J. 

Electronic  Tube  Corp.,  1200  E.  Mermaid 
Ave.,  Chestnut  Hill,  Philadelphia,  Pa. 

Farnsworth  Television  Radio  Corp.,  3702 
Pontiac  St,  Fort  Wayne,  lad. 

General  Electric  Co.,  Schenectady  5,  New 
York 

Ken-Rad  Div.,  General  Electric  Co.  Elec- 
tronics Dept,  Owensboro,  Ky. 

Lenoxite  Div.,  Lenox  Inc.,  65  Prince  St, 
Trenton  5,  N.  J. 

Lewis  Electronics,  Inc.,  Los  Gatos,  Calif. 

National  Union  Radio  Corp.,  15  Washing- 
ton St,  Newark  2,  N.  J. 

North  American  Philips  Co.,  100  East 
42nd  St.,  New  York  17,  N.  Y. 

Philco  Corp.,  Tioga  A C Sts.,  Philadelphia 
34,  Pa. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Rauland  Corp.,  4246  N.  Knox  Ave.,  Chi- 
cago 41,  111. 

Standard  Arcturus  Corp.,  30  Court  St., 
Newark  2,  N.  J. 

Sylvania  Electric  Products,  Inc.,  500  Fifth 
Ave.,  New  York,  N.  Y. 

Western  Electric  Co.,  120  Broadway,  New 
York  5.  N.  Y. 

CURRENT  REGULATING  TUBES  (Bolloat) 


Amperite  Co.,  561  Broadway,  New  York, 
N.  Y. 

Clarostat  Mfg.  Co.,  Inc.,  130  Clinton  St, 
Brooklyn  1,  N.  Y. 

Continental  Electric  Co.,  903  Merchandise 
Mart,  Chicago  54,  111. 

Electronic  Enterprises,  Inc.,  65-67  Seventh 
Ave.,  Newark  4,  N.  J. 

Emerson  Radio  A Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

Hytron  Radio  A Electronics  Corp.,  76  Laf- 
ayette St,  Salem,  Mass. 

J.F.D.  Mfg.  Co.,  4111  Fort  Hamilton 
Pkwy.  .Brooklyn,  N.  Y. 

Magnetic  Windings  Co.,  Div.  of  Essex 
Wire  Corp.,  416  South  16th  St,  Eaa- 

Micat0Products  Mfg.  Co.,  69  Wooster  St, 
New  York,  N.  Y.  . . 

Muter  Co.,  1256  S.  Michigan  Ave.,  Chi- 
cago, 111. 

National’  Union  Radio  Corp.,  16  Wash- 
ington St,  Newark  2,  N.  J. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J.  w , 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 

Smith'Mfg.  Ca.8‘ Nathan  R.,  105  Pasadena 
Ave.,  South  Pasadena,  Calif. 

Standard  Arcturus  Corp.,  30  Court  St., 

S y 1 v tufia  ^lect  r i c Products,  Inc.,  500  Fifth 
Ave.,  New  York  18,  N.  Y. 

Taylor  Tubes,  Inc.,  2312  Wabansia  Ave., 

WesSrn^Electric  C^  Inc.,  120  Broadway, 

Westinghouse  felectric  Corp.,  Lamp  Div., 
Bloomfield,  N.  J.  . x,.**- 

Westinghouse  Electric  Corp.,  East  Pitts- 

Zenlthr&dloa'Corp.,  6001  Dickens  Ave., 
Chicago,  111. 

GEIGEB-MUELLEB  TUBES  and 
EQUIPMENT 

Aerolux ^U|ht^COTp.,  653-llth  Ave.,  New 

General  275  Massachusetts 

Ave.,  Cambridge  39,  Mass. 

Geophysical  Instrument  Co..  Key  Blvd.  4 
Nash  St.,  Arlington,  Va. 

Herbach  & Rademan  Cp.  Mfg.  Div.,  517 
Ludlow  St,  Philadelphia.  6,  Pa. 

North  American  Philips  Co,  100  East 
42nd  St.  New  \ork  17,  N.  Y. 

Universal  X-Ray  Products  Inc.,  1800 
North  Francisco  Ave.,  Chicago  47,  111. 

Westinghouse  Electric  Corp.,  E.  Pitts- 
burgh, Pa. 

heabing  aid  tubes 

Aurex  Corp.,  1117  N.  Franklin  St,  Chi- 

Hytrong0R1adlo1  & Electronics  Corp.,  76 
Lafayette  St.,  Salem,  Mass. 

Ken-Rad  Div.,  General  Electric  Co.,  Elec 
tronlcs  Dept.,  Owensboro,  Ky. 


Myers  A Sons,  E.  A.,  Radioear  Bldg.,  Mt 
Lebanon,  Pittsburgh,  Pa. 

National  Union  Radio  Corp.,  15  Washing- 
ton St.,  Newark  2,  N.  J. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Sonotone  Corp.,  P.  O..  Box  200,  Saw  Mill 
River  Rd.,  Elmsford,  N.  Y. 

Standard  Arcturus  Corp.,  30  Court  St, 
Newark  2 N.  J. 

Zenith  Radio  Corp.,  6001  Dickens  Ave., 
Chicago,  111. 

INDUSTRIAL  TUBES 


Aerolux  Light  Corp.,  653  Eleventh  Ave., 
New  York  19,  N.  Y. 

Amperex  Electronic  Co.,  79  Washington 
St.,  Brooklyn,  N.  Y. 

Chatham  Electronics,  475  Washington  St., 
^ew&rk  2 ^ J 

Continental  Electric  Co.,  903  Merchandise 
Mart,  Chicago  64,  111. 

Controls  Corp.,  98  Union  St.,  Worcester 
8 Mass 

Eltel-McCuHough,  Inc.,  San  Bruno,  Calif. 

Electron  Equipment  Corp.,  917  Meridian 
Ave.,  South  Pasadena,  Calif. 

Electronic  Enterprises,  Inc.,  65-67  Seventh 
Ave.,  Newark  4,  N.  J. 

Electronic  Products  Co.,  Ill  E.  Third  St, 
Mt  Vernon,  N.  Y. 

Electrons,  Inc.,  127  Sussex  Ave.,  Newark, 
N.  J. 

Farnsworth  Television  A Radio  Corp-i  3702 
Pontiac  St,  Fort  Wayne,  Ind. 

Federal  Telephone  and  Radio  Corp.,  591 
Broad  St,  Newark,  N.  J. 

Fredericks  Co.,  Geo.  E.,  Bethayres,  Pa. 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

General  Electronics,  Inc.,  1819  Broadway, 
New  York  23,  N.  Y. 

Hanovia  Chemical  A Mfg.  Co.,  233  N.  J. 
R.  R.  Ave.,  Newark,  N.  J. 

Helntz  A Kaufman,  Ltd.,  South  San 
Francisco,  Calif. 

Hytron  Radio  A Electronics  Corp.,  76  Laf- 
ayette St.,  Salem,  Mass. 

Jennings  Radio  Mfg.  Co.,  1098  E.  William 
St,  San  Jose  12,  Calif. 

Ken-Rad  Div..  General  Electric  Co.  Elec- 
tronics Dept,  Owensboro,  Ky. 

Litton  Engineering  Labs.,  Redwood  City, 
Calif. 

Machlett  Laboratories,  Springdale,  Conn. 

National  Union  Radio  Corp.,  15  Washing- 
ton St,  Newark  2,  N.  J. 

North  American  Philips  Co.,  100  E.  42nd 
St.  New  York,  N.  Y. 

Radio  Corp.  of  America,  RCA  Victor  Div., 
Camden,  N.  J. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass. 

Slater  Elec.  A Mfg.  Co.,  Inc.,  728  Atlantic 
Ave.,  Brooklyn  17,  N.  Y. 

Sperti,  Inc.,  Norwood  Station,  Cincinnati 
12.  Ohio 

Standard  Arcturus  Corp.,  30  Court  St, 
Newark  2,  N.  J. 

Sylvania  Electric  Products,  Inc.,  600  Fifth 
Ave.,  New  York  18,  N.  Y. 

Taylor  Tubes,  Inc..  2312  Wabansia  Ave., 
Chicago  47,  111.  „ _ , 

United  Electronics  Co.,  42  Spring  St, 
Newark  2,  N.  J. 

Universal  X-Ray  Products,  Inc.,  1800 
North  Franclnoo  Ave.,  Chicago  47,  111. 

Vlctoreen  Instrument  Co.,  5806  Hough 
Ave.,  Cleveland  3,  Ohio 

Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 

Westingho’use  Electric  Corp.,  Lamp  Div., 
Bloomfield,  N.  J. 

PHOTOTUBES  & PHOTOCELLS 

Aray  Mfg.  & Supply  Co.,  3107  Pine  St, 
St  Louis  3,  Mo. 

Bradley  Laboratories,  82  Meadow  St., 
New  Haven,  Conn. 

Continental  Electric  Co.,  903  Merchandise 
Mart  Chicago  54,  111. 

DeJur  Amsco  Corp.,  Northern  Blvd.  at 
45th  St,  Long  Island  City  1,  N. 

Eby,  Inc.,  Hugh  H.,  18  W.  (Shelton  Ave.. 
Philadelphia  13,  Pa. 

Eisler  Engineering  Co.,  740  South  13th 
St,  Newark  3,  N.  J. 

G-M  Laboratories,  Inc.,  4313  N.  Knox 

Generaf  El^ctrk^Co^Schenectady  6,  N.  Y. 

GeSSal  Scientific  Corp.,  4829  S.  Kedzie 
Ave.,  Chicago,  111. 

Hickok  Electrical  Instrument  Co.,  10514 
DuPont  Ave.,  Cleveland,  Ohio 
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Miles  Reproducer  Co.,  Inc..  812  Broadway. 
New  York,  N.  Y. 

National  Union  Radio  Corp.,  15  Washlng- 
ton  St.,  Newark  2,  N.  J. 

Pfaltz  & Bauer,  Inc.,  350  Fifth  Ave.,  New 
1 ork,  N.  Y. 

Photovolt  Corp.,  95  Madison  Ave.,  New 
\ ork  1 6,  X.  Y. 

Radio  Corp.  of  America.  RCA  Victor  Div . 
Camden.  N.  J. 

Rauland  Corp.,  4245  N.  Knox  Ave.,  Chi- 
cago  41,  111. 

Rehtron  Corp.,  4313  Lincoln  Ave.,  Chi- 
cago  18,  111. 

Selenium  Corp.  of  America,  1719  W.  Pico 
Bivd.,  Los  Angeles  15,  Calif. 

Standard  Arcturus  Corp.,  30  Court  SL 
Newark  2,  N.  J. 

Western  Electric  Co.,  Inc.,  120  Broadway 
New  York  5,  N.  Y. 

Westinghouse  Lamp  Div.,  Westinghouse 

Wo«t?le<LtrIc  &,¥{g  Co*  Bloomfield,  N.  J. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh,  Pa. 

Weston  Electrical  Instrument  Corp.,  614 
Frelinghuysen  Ave.,  Newark  5,  N.  J. 

RECEIVING  TUBES 

""chi'caSTl,  j3,?00  W-  Cort,a"d  St- 

Hlmer^on  Radio  & Phonograph  Corp.,  Ill 
Eighth  Ave.,  New  York,  N.  Y. 

^-.Electric  Co.,  Schenectady  $,  New 

Hytron  Radio  & Electronics  Corp.,  76  Laf- 
ayette  St.  Salem.  Mass. 

Ken-Rad  Div.,  General  Electric  Co.,  Elec- 
tronics  Dept.,  Owensboro,  Ky. 

Magnavox  Co.  The,  2131  Bueter  Rd.,  Fort 
W ayne  4,  Ind. 

National  Union  Radio  Corp.,  15  Washing- 

r»Kntonr.St  ’ -i?wark  2'  x J- 

Ph  34CPaP'’  T °Ka  & ° St8-'  Philadelphla. 

Radio  Corp.  of  America,  RCA  Victor  Div 
Camden,  N.  J. 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham.  Mass. 

Blater  Electric  & Mfg.  Co.,  Inc.,  728  At- 
LantJ°  ve"  Brooklyn  17.  N.  Y. 

Newarkr2!U™SJCOrP-'  30  Court  St" 

Sylvania  Electric  Products,  Inc.,  500  Fifth 
Ave.,  New  York  18,  N.  Y 

Ave!.  Nlw?rkWNkJ  InC"  95  ElKhth 

c'lSI  SHio  6806  H°Ugh 
Sv^N.'  YC’  120  Br0ad"'ay' 

&nlChI,Agol°Jli:0rP'’  6001  Dlckena  Ave., 


RECTIFYING  TUBES 

^XoTsf/^rrilfyn^-'T25 

NcwaSl'T ‘j8’  479  Washington  St., 

^*Ml?tXcWragoC54:0iil903 

El^fH!.CCTlJ,IOeUR3i>  Inc\*  San  Bruno,  Calif. 
m AVey  C^vefand1^!  Ohio  9123  Inman 

ML  VernonU':v  Y°"  111  E'  Thlrd  St- 
Electrons,  inc.,  127  Sussex  Ave.,  Newark, 

^ NelKYOTkTNBY°'  37  Murray  St~ 

Pea“5!;L'5e!f.Ph0xi,P  and  Bfldio  Corp.,  591 
Broad  St.,  Newark.  N.  J. 

Uoneral  Electric  Co.,  Schenectady  ^ v v 

°®nX,Hn  Bl'td'f  Chfcfgo^  w'"-’  2'01'2' 
XeiwEYork,"l38’  \nC'Y  1819  Broadway. 

HelnFran&c.Sc?UCfXlfrn’  L,d  ' Sout*>  Sa" 
Hytron  Radio  & Electronics  Corp  76  leaf 
ayette  St..  Salem,  Mass.  ^ 

industrial  ^Commercial  Electronics,  Bel- 

Jennings  ftadio  Mfg.  Co.,  1098  E.  William 
**  £f-  S,an  Jose  12*  Calif. 

Mach  let t Laboratories.  Springdale  Conn 
Mellaphone  Corp..  Rochester  2,  N.  Y 
National  Co..  Inc.,  61  Sherman  St.,  Mal- 
den 48,  Mass. 

National  Union  Radio  Corp.,  15  Washim? 

ton  SL.  Newark  2,  N.  J.  S 

North  American  Philips  Co..  100  East 
42nd  SL.  New  York  17.  N Y 
Radio  Corp.  of  America,  RCA  Victor  Div 
Camden,  N.  J.  *’ 

Raytheon  Mfg.  Co.,  Foundry  Ave.,  Wal- 
tham, Mass. 

Blater  Electric  & Mfg.  Co.,  Inc.,  728  Atlan- 
tic Ave.,  Brooklyn  17,  N.  Y. 
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Sperry  Gyroscope  Co.,  Manhattan  Bridge 
Plaza,  Brooklyn  1,  N.  Y. 

Sperti,  Inc.,  Norwood  Station,  Cincinnati 
12,  Ohio 

Standard  Arcturus  Corp.,  30  Court  SL, 
Newark  2,  N.  J. 

Sylvania  Electric  Products,  Inc.,  500  Fifth 
Ave.,  New  York  18,  N.  Y. 

Taylor  Tubes,  Inc.,  2312  Wabansia  Ave., 
Chicago  47,  111. 

Tramdito,  Inc.,  647  Kent  Ave.,  Brooklyn, 
United  Electronics  Co.,  42  Spring  St.. 

VhWnrlf  9 M T 

Universal  X-Ray  Products,  Inc.,  1800 
North  Francisco  Ave.,  Chicago  47,  111. 
Victoreen  Instrument  Co.,  5806  Hough 
Ave.,  Cleveland  3,  Ohio 
Western  Electric  Co.,  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Westinghouse  Electric  Corp.,  Lamp  Div., 
Bloomfield,  N.  J. 

Zenith  Radio  Corp.,  6001  Dickens  Ave., 
Chicago,  111. 

TRANSMITTING  and  POWER  TUBES 

Amperex  Electronic  Corp.,  25  Washlng- 
ton  St.,  Brooklyn,  N.  Y. 

Chatham  Electronics,  475  Washington 
SL,  Newark  2,  N.  J. 

Controls  Corp.,  98  Union  SL,  Worcester  8, 
Mass. 

de  Forest  Laboratories,  Lee,  5106  Wil- 
ir.t  Ani?eles,  Calif. 

Eitel-McCuIlough,  Inc.,  San  Bruno,  Cal. 
Electron  Equipment  Corp.,  917  Meridian 
PM~,*AveY  l?u.th  Pasadena,  Calif. 
Electronic  Enterprises,  Inc.,  65-67  Seventh 
Ave.,  Newark  4,  N.  J. 

Electronic  Products  Co..  Ill  E.  Third  St., 
Mt.  Vernon,  N.  Y. 

Electronic  Tube  Corp..  1200  E.  Mermaid 
’fcCh?Btnu1t  Hill,  Philadelphia,  Pa. 
federal  Engineering  Co.,  37  Murray  St. 
New  York  7,  N.  Y. 

Federal  Telephone  and  Radio  Corp.,  591 
Broad  St.,  Newark,  N.  J. 
General^Electric  Co.,  Schenectady  5,  New 

General  Electronics,  Inc.,  1819  Broadway, 
New  York  23,  N.  Y 
Heintz  & Kaufman,  Ltd.,  South  San  Fran- 
cisco. Calif. 

Hytron  Radio  & Electronics  Corp.,  76  Laf- 
ayette St.,  Salem,  Mass. 

Industrial  & Commercial  Electronics,  Bel- 
mont, Calif. 

Jennings  Rad  in  Mfg  Co^  1098  E.  William 
St.,  San  Jose  12,  Calif. 

Ken-Rad  Di\\,  General  Electric  Co..  Elec- 
t . 8 Bent.,  Owensboro,  Ky 

Lewis  Electronics,  Inc.,  Los  Gatos,  Calif. 
Utton  Engineering  I.abs„  P.  O.  Box  749 
Redwood  City,  Calif. 

Maehlett  Laboratories.  Springdale.  Conn. 
National  Union  Radio  Corp..  15  Waah- 
ington  St..  Newark  2.  N.  J 
-North  American  Philips  Co..  Inc.,  100 
d 4 2nd  St.,  New  York  17,  N Y 

Radio  Corp.  of  America,  RCA  Victor  Div. 
camden,  N.  J. 

Ray'tha0m  Mt?ssCO  ' Foundry  Ave..  Wal- 
Slater  Electric  & Mfg.  Co„  Inc.,  728  At- 
lantic  Ave..  Brooklyn  17,  N Y 
Sperry  Gyroscope  Co.,  Manhattan  Bridge 
so.  £la?a'  Br'>''k|5-n  !■  N.  Y.  K 

Sp  12  Ohio  Nor'vood  Station,  Cincinnati 

standard  Arcturus  Corp.,  30  Court  SL 
Newark  2.  N.  J.  ' 

Sylvania  Electric  Products.  Inc.,  500  Fifth 
„ , <*-  N York  18.  X.  Y. 

yChlcTaUgboeS47,n,Cn  2312  Wabanala  Ave., 

junBA?"'  aPfthi inc- 95  Eighth 

arkE2  CtN°njCS  C°"  42  Sprln*  St-  New‘ 

ZeS*Z-  S&'trfV  4nX  ,2°  Br°ad- 
c°rp;' Lamp  Diy. 

WeSbJ?gh.USpaEleCtr,C  Corp’  East  p,ttfi- 

VOLTAGE  REGULATING  TUBES 

see  Rectifying  Tubes 

X-RAY  TUBES  and  EQUIPMENT 

EU"sa  ch [cago n P ' 3250  X-  K1'P«fick 
"“gffuSMi,?-''  2323  WabapaIa  Ave.. 


Franklin  X-Ray  Co.,  2100  Arch  SL,  Phil,, 
delphla  5,  Pa. 

General  Electric  Co.,  Schenectady  5 \ v 

General  Electric  X-Ray  Corp.,  2012'  jack- 
son  Blvd.,  Chicago,  111. 

Maehlett  Laboratories,  Springdale.  Cona 

Newman  X-Ray  Corp.,  518  Hankes  Ave„ 
Aurora,  111. 

North  American  Philips  Co.,  Inc.,  Metallix 
Div.,  100  East  42nd  St.,  New  York 
N.  Y. 

Peerless  Laboratories,  461  Tenth  Ave. 
New  York  18,  N.  Y. 

Picker  X-Ray  Corp.,  300  Fourth  Ave. 
New  York  10,  N.  Y. 

Standard  X-Ray  Co.,  1932  North  Burling 
SL,  Chicago  14,  111. 

Universal  X-Ray  Products,  Inc.,  1800  N. 
Francisco  Ave.,  Chicago  47,  111. 

Westinghouse  Electric  Corp.,  Industrial 
Electronics  & X-Ray  Divs.  Baltimore 
3,  Md. 

Westinghouse  Electric  Corp.,  Lamp  DivM 
Bloomfield,  N.  J. 

Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

Tube  Manufacturers— Test 
Equipment- 


Sherron  Electronics  Co.,  1201  Flushing 
Ave.,  Brooklyn  6,  N.  Y. 

Tube  Making  Machines 

see  Machines,  Tube  Making 

Tube  Parts 


Admak  Manufacturing  Co.,  46  Cordier  St., 
Irvington,  N.  J. 

American  Brass  Co.,  Waterbury  88,  Conn. 

Art  Wire  & Stamping  Co.,  227  High  St. 
Newark  2,  N.  J. 

Bead  Chain  Mfg.  Co.,  110  Mt  Grove  St, 

^ Bridgeport  5,  Conn. 

Callite  Tungsten  Corp.,  544  39th  St,  Union 
City,  N.  J. 

Electronic  Manufacturing  Co.,  20  Orange 
St.,  Newark  2,  N.  J. 

Electronic  Products  Co.,  Ill  E.  Third  St, 
Mt.  Vernon,  N.  Y. 

Engineering  Co.,  27  Wright  SL,  Newark, 
N.  J. 

Fansteel  Metallurgical  Corp.,  2200  Sheri- 
dan  Road,  North  Chicago,  III. 

Ford  Radio  & Mica  Corp.,  538  63rd  St, 
Brooklyn,  N.  Y. 

General  Electric  Co.,  Schenectady  5,  X.  Y. 

Goat  Metal  Stampings,  Inc.,  314  Dean  St, 
Brooklyn,  N.  Y. 

Haydu  Bros.,  ML  Bethel  Rd.,  Plainfield, 

Huse  Liberty  Mica  Co.,  171  Camden  St, 
Boston,  Mass. 

King  Laboratories,  Inc.,  205  Oneida  Street. 
Syracuse  4,  N.  Yr. 

Lewis  Electronics  Inc.,  Los  Gatos,  Calif. 

Litton  Engineering  Labs.,  P.  O.  Box  749. 
Redwood  City,  Calif. 

Makepeace  Co.,  D.  E.,  Attleboro,  Mass. 

Mica  Products  Mfg.  Co.,  69  Wooster  St, 
New  York,  N.  Y. 

Munsell  & Co.,  Eugene,  200  Variek  St, 
New  York,  N.  Y. 

National  Carbon  Co.  Inc.,  30  East  42nd 

_ St.,  New  York  17,  N.  Y. 

Northern  Mfg.  Co.,  Inc..  36  Spring  St, 
Newark.  N.  J. 

Pierce  Paper  Products  Co.,  Rockford.  HI. 

Radio  Corp.  of  America,  R.C.A  Victor 
Div.,  Camden,  N.  J. 

Rice’s  Sons,  Inc.,  Bernard,  325  Fifth  Ave., 
New  York,  N.  Y. 

Springfield  Sound  Co.,  Electronics  Div.,  1- 
Cass  St..  Springfield,  Mass. 

Superior  Tube  Co.,  Norristown,  Pa. 

Thompson  Corp..  Geo.  S.,  5240  Hunting- 
ton  Drive,  Los  Angeles  32.  Calif 

Tingsto!  Corp.,  1461  W.  Grand  Ave.,  Chi- 
cago. III. 

Unlted-Carr  Fastener  Corp..  31  Ames  bt. 
Cambridge.  Mass. 

Westinghouse  Electric  Corp.,  East  Pitts* 

Wickwire  Spencer  Metallurgical  Corp.,  260 
Sherman  St..  Newark  2,  N.  J- 

Worcester  Pressed  Steel  Co.,  100  Baroe" 
Ave.,  Worcester,  Mass. 


Tube  Repairs _ 


Electronic  Products  Co..  Ill  B.  Third  SL. 

Mt.  Vernon.  N.  Y.  , ei1 

Freeland  & Olschner  Products,  Inc  • 611 
Baronne  St.,  New  Orleans  II.  La- 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


T awls  Electronics,  Inc.,  Los  Gatos,  Calif. 
feSio  Corp-of1  America,  RCA  Victor  Dlv., 

WesF  S™or<T* Laboratories,  Box  117,  Mar- 
blehead.  Mass. 


Tubing. 


ttL 


BRASS  and  COPPER  TUBING 

American  Brass  Co.,  WAterbury  88,  Conn. 

Bridg^rt  Brass  Co..  E.  Main  St,  Brtdge- 

ChaM>Brass'&'copper  Co.,  Inc.,  836  Grand 
St.  Waterbury  91,  Conn. 

Edwards,  lnc„  T.  J.,  121  Beach  St,  Bos- 

Qeneral  Cement'iifg.  Co.,  919  Taylor  Ave., 
Rockford,  111.  . , 

Hsco  Copper  Tube  & Product  Inc.,  Marie- 
mont  27,  Ohio  _ _. 

Precision  Tube  Co.,  8828  Terrace  St, 

Re»e^e11Coppera&28Brass  Ina,  230  Park 

ScoTmVeMfg.e'coT°99  Mill  St.,' Waterbury 

Uniform  Tubes,  Shurs  Lane  ft  Laurtston 
St,  Roxborough,  Philadelphia,  Pa. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

Wolverine  Tube  Co.  Dlv.,  Calumet  ft  Heel* 
Consolidated  Copper  Co.,  1411  Central 
Ave.,  Detroit  9,  Mich. 

CERAMIC  TUBING 

see  Inflation 

FABRIC  TUBES  and  TUBING 

Alpha  Wire  Corp.,  60  Howard  St,  New 
York  N Y. 

Anchor  Webbing  Co..  1005  Main  St,  Paw- 
tucket, R.  I.  w Ofl-I 

RAC.  Insulation  Products,  Inc.,  261 
Fifth  Ave.,  New  York  16,  N.  Y. 

Brand  A Co.,  William,  276  Fourth  Av«.. 
New  York  10,  N.  Y. 

Creative  Plastics  Corp.,  968  Kent  AT«., 
Brooklyn,  N.  Y.  , _ , 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  111. 

General  Electric  Co.,  Bridgeport,  Conn. 

Hope  Webbing  Co..  Providence,  Rhode 
Island  ^ ...  w 

Industrial  Screw  & Supply  Co.,  713  W. 
Lake  St.,  Chicago  6.  111.  _ w 

Insulation  Manufacturers  Corp.,  565  w. 
Washington  Blvd.,  Chicago  6,  111. 

Irvington  Varnish  A Insulator  Co.,  iu 
Argyle  Terrace,  Irvington  11.  N.  J. 

Mclnerny  Plastics  Co.,  655  Godfrey  Ave., 
8.  W.,  Grand  Rapids  1,  Mich. 

Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y.  „ 

Mltchell-Rand  Insulation  Co.,  Inc.,  51  Mur- 
ray St.,  New  York  7.  N.  Y. 

National  Varnished  Products  Corp.,  211 
Randolph  Ave.,  Woodbridge.  N.  J. 

Penn  Fibre  & Specialty  Co.,  2030  E.  West- 
moreland St.,  Philadelphia  34,  Pa. 

8urprenant  Electrical  Insulation  Co.,  84 
Purchase  St.,  Boston  10,  Mass. 

Tingstol  Corp.,  1461  W.  Grand  Ave.,  Chl- 
cago.  in. 

Varflex  Corp.,  N.  Jay  St.,  Rome,  N.  Y. 


FIBRE  TUBING 


Irvington  Varnisn  & Insulator  Co.,  10 
Argyle  Terrace,  Irvington  11,  N-  J- 
Libbey  Glass  Div.  Owens-Illinois  Glass 
Co  , P.  O.  Box  1035-36,  Toledo  1,  Ohio 
Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y.  „ 

Varflex  Corp.,  N.  Jay  St.,  Rome,  N.  Y. 

KNITTED  WIRE  TUBES  and  TUBING 

Alden  Products  Co..  117  North  Main  St., 
Brockton  64,  Mass. 

Alpha  Wire  Corp.,  50  Howard  St.,  New 
York  NY 

Anaconda  Wire  & Cable  Co.,  25  Broad- 
way, New  York  4,  N.  Y. 

Chicago  Metal  Hose  Corp.,  1315  S.  3rd 
Ave.,  Maywood.  111. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 
Essex  Wire  Corp.,  1601  Wall  St.,  Fort 
Wayne,  Ind.  _ XT  v 

General  Electric  Co.,  Schenectady  5,  N.  Y. 

METAL  and  ALLOY  TUBING 

American  Brass  Co..  Waterbury  88.  Conn 
General  Plate  Div.,  Metals  & Controls 
Corp.,  34  Forest  St., 

International  Nickel  Co.,  67  Wall  St., 
New  York  5,  N.  Y. 

Johnson  Co.  E.  F..  Waseca,  Minn. 

MakeDeace  Co.,  D.  E. , Attleboro,  Mass. 
National  Lead  Co.,  Ill  Broadway,  New 

Precision  Tube  Co.,  3828  Terrace  St., 
Philadelphia  28  Pa. 

Revere  Copper  & Brass  Inc.,  230  Bara 
Ave.,  New  York  17,  N.  Y. 

Summerill  Tubing  Co..  Montgomery 
County,  Bridgeport,  Pa. 

iSKfiST  BS?  ^°stSt«ni7PaBattery 

UnlformeTubea.  Shura  "Lane  ALauH3t°n 
St.,  Roxborough,  Philadelphia,  Pa. 
Westinghouse  Electric  Corp.,  East  Pitts- 
burgh, Pa. 

PAPER  TUBES  and  TUBING 

American  Paper  Tube  Co.,  Hazel  St, 

B.  &C°  Insulation  Products  Inc.,  261  Fifth 
Ave  New  York  16,  N.  Y. 

Bentley  Harris  Mfg.  Co.,  Hector  ft  Lime 

Create  SffiSff  oS£.  % Kent  Ave., 

CrosPrpapeyrn'Praducta  Corp.,  2595  Third 
Ave..  New  York.  N.  Y.  . 

Franklin  Fihre-Lamltex  Corp.,  12th  ft 
French  Sts,,  Wilmington,  Del. 

General  Electric  Co..  ^heiton 

GenTvl.Pffiad^.aC°Pa4S; J1'  “ w 

M lea  Insulator  Co..  797  Broadway.  Sche- 

Mlca"  Predicts  MffT  Co.,  69  Wooster  SL, 

ParamTunlpapJ'Tube  Co.,  801  Glasgow 

Pier  AVpaimrrproduycts'Co.,  ^ockford^  Hl^ 

PrW^anr,eSaP  CU^agoC°47,  l].0” 
Tingitol  Corp!  1461  W.  Grand  Ave.,  Chi- 

Wesunghouse  Electric  Corp..  East  Pitts- 
burgh.  Pa. 


Newcomb  Audio  Products  Co.,  2815  S.  Hill 
St.,  Los  Angeles,  Calif. 

Northern  Communications  Mfg.  Co., 

East  4Uth  St.,  New  York,  N.  Y. 

Pacific  Sound  Equipment  Co^  lo34 
Cahuenga  Blvd.,  Hollywood,  Calif. 

Presto  Recording  Corp.,  242  W.  5ath  bt, 
New  York,  N.  Y.  _ . 5,. 

Proctor  Co.,  B.  A.,  Inc.,  2 W.  4oth  St., 
New  York  N.  Y. 

Radlad  Service,  720  West  Schubert  Ave., 

RaalohCorp°  of4Amerlca,  RCA  Victor  Div., 

Rek-oaKutnc^  PT3  I-afayette  St.,  New 

Robinson  Recording  Laboratories,  35  S. 
Ninth  St.,  Philadelphia,  Pa.  . 

Talking  Devices  Co..  4447  W.  Irving  Park 

Unlte^Cinephone’  Corp..  65  New  Litchfield 

Webster  ^h^ago0Con!!nElecUonlcs  Div., 
3825  Armltage  Ave.,  Chicago,  111. 


Varnish 

see  Finishes 

Vibration  Insulating 
Mountings — 


gee  Mountings 

Vibrator  Testers _ 

see  Testers.  Vibration 

Vibrators 


see  Insulation 

GLASS  TUBES  and  TUBING 

Aarolux  Light  Corp.,  653-llth  Ave.,  New 
York  19,  N.  Y. 

Alpha  Wire  Corp.,  50  Howard  SL,  New 

_ York,  N.  Y.  

B.  ft  C.  Insulation  Products,  Inc.,  261  Fifth 
Ave.,  New  York  16,  N.  V. 

Sache  ft  Co.,  Semon,  636  Greenwich  St., 
, New  York  14,  N.  Y.  . 

tentley,  Harris  Mfg.  Co  Hactor  ft  Lima 
Sts.,  Conshohocken,  Pa. 
wand  ft  Co.,  William,  276  Fourth  Ave.. 
_ New  York  10,  N.  Y.  _ 

Corning  Glass  Works.  Corning,  N.  Y. 
Fisher  Scientific  Co.,  711  Forbes  St.,  Pitts- 
_ burgh.  Pa. 

usnerai  Cement  Mfg.  Co.,  919  Taylor  Ave., 
„ Rockford,  111. 

Goodall  Electric  Mfg.  Co.,  320  N.  Spruce 
St.,  Ogallala.  Nebr.  _ 

Insulation  Manufacturers  Corp.,  66o  W. 
Washington  Blvd.,  Chicago  6,  111. 
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PLASTIC  TUBING 


nee  Insulation 

Turntables. 


PHONOGRAPH  and  TRANSCRIPTION 
TURNTABLES 

Alliance  Mfg.  Co..  Lake  Park  Blvd.,  Al- 
AUledTerordlng  Products  Co.,  21-09  43rd 

Elecfro"  Acoustic  Co.' 2131  Bueter  Rd.. 
GatPOrRaIiSynCo.!n<,200  Hampshire  St.. 

N Morea" 


Allis  Chalmers  Mfg.  Co..  Milwaukee,  Wise. 
American  Television  ft  Radio  Co.,  300  E. 

Fourth  St..  SL  Paul,  Minn. 

Collins  Radio  Co.,  855  3oth  St.,  N. 

EccoCHlgh  Frequency  Efiertrlc Corp.,  7020 

E1ecS.Ucdl^cPa\li?C?.?r2\hlIoeXst^siam- 

Electronic laboratories,  Inc.,  Indianapolis, 

Electronic  Products  Mfg.  Co ..  7300  Huron 

FideUtTEpectric  Co  332  N.'  Arch  SL. 

GenJrari?lMtrricPCo  Schenectady^N.Y. 

James  Vibrapowr  Co.,  1551  Thomas  ol, 

KurS!n  FJecfricCo..  35-18  37th  SL.  Long 

Mallory  A*  Co.^Inc-Pp’  R..  8029  E Wash- 
ington  St.,  Indianapolis  6,  Ind. 

Oak  Mfg.  Co.,  1260  Clybourn  Ave.,  Chi- 

Phllmore  MtoCo..  113  University  Place, 

RadiarPcorp!'  3571  West  62nd  SL,  Cleve- 

Radio  Corp.  of  America.  RCA  Victor  Dlv., 

RiehardsomXneiPcorP;.  15  West  20th  SL, 

TurnerWCoYOT909  17rt  SL,  Cedar  Rapids. 

Utah°RVaadlo  Products  Co.,  820  Orleans  St.. 

WilcSU  Gw’Con...  Charlotte,  Mich. 

Voltage  Dividers — 

see  Divider, 

Voltage  Regulators — 

gee  Regulator# 

Voltmeter  Multipliers 

see  Multipliers 

Voltmeters — — 

see  Meters 


Volume  Controls . 


see  Controls 
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Washers . 


LOCK  WASHEHS 

American  Nut  & Bolt  Fastener  Co.,  2045 
r-ho  Doe^r  St-»  Pittsburgh,  Pa. 

Chase  Brass  & Copper  Co.,  Inc.,  236 
Grand  St.,  Waterbury  91,  Conn. 

Clark  Bros.  Bolt  Co.,  Mllldale,  Conn. 
Federal  Screw  Products  Co.,  224  W 
Huron  St.,  Chicago  10,  111. 

®arst“.  ?0hl1aIdneTph?ae02-.  fi  1421  ChMtnut 
GeneRScffo7dentIIl  g'  C°M  919  Taylor  Ave-> 
Harpc°hrLc|'  ;?•  2620  st.. 

HartCorm  "IachIne  Screw  Co.,  Hartford, 
Industrial  Screw  & Supply  Co.,  713  w 
t frak^St-’  Ch,cago  6,  111. 

Insuline  Corp.  of  America,  36-02  35th  Ave 
Long  Island  City,  N.  Y.  00tn  Ave  - 

aJlHubbard"8St^Cc1^caKo^nCtS’  270  W' 

a Na  Jher  C°  - 40  Hermon  St" 

Pa'nn  n"  "jInC"  77  Cordler  St,  Irvington, 
Penn  Fibre  & Specialty  Co.,  2030  E More- 
PhniS"?  Sh  Philadelphia  44,  Pa. 
Philadelphia  steel  * wire  Corp.,  Penn 
t.  * Belneld  Ave.,  PhiladelDhia  Pn 

08  NewJrtcC,ltNWJSher  Co-'  181  St.', 

PrlnUold,  Inc.,  95  Mercer  St,  New  York  12, 

212  W-  °Pa"d  Ave., 

6909  N' 

® Biv^-^itj  kin93oaa?5nta  Monica 

9l'  CofnhC°"  " Mli>  St  'Waterbory 

"“fefc  ir-ni2601  N-  KeeIer  Ave., 

PaTdolnnafwaFn‘dbar,0NCOiA  810  ®t. 

“"33  wC»nlK,  ? Lockwaaher  Inc  , 
33-35  W.  St.  Clair  St,  Indianapolis  4 

Sterctt,tI?-'  299  W'  ^ckson  Bivd., 

^0TOni?.rTh7catC?ii  1640  W'  Hub- 

199  B-ber 

S^  Mnwauree^WP,0  ’ 2109  S'  Ba* 


Wattmeters _ 


see  Meters 


General  Cable  Corp.,  420  Lexington  Ave., 
New  York,  N.  Y. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  111. 

General  Electric  Co.,  Schenectady  6,  N.  Y. 

George  Co.,  P.  D.,  4153  Bingham  Ave.,  St. 
Louis,  Mo. 

Georgia  Rosin  Products  Co.,  Savannah,  Ga, 

Glyoo  Products  Co.,  Inc.,  26  Court  St., 
Brooklyn,  N.  Y. 

Goodrich  Chemical  Co.,  B.  F.,  Rose  Bldg., 
Cleveland,  Ohio 

Impervious  Varnish  Co.,  Rochester,  Pa. 

Insl-X  Co.,  Inc.,  857  Meeker  Ave.,  Brook- 
lyn, N.  Y. 

Insulatine  Co.,  1 Broadway,  New  York, 
N.  Y. 

Insulation  Manufacturers  Corp.,  565  W. 
Washington  Blvd.,  Chicago  6.  111. 

Irvington  Varnish  & Insulator  Co..  10  Ar- 
gyle  Terrace,  Irvington  11,  N.  J. 

J ohns-Man ville,  22  East  40th  St.,  New 
York,  N.  Y. 

Johnson  & Co.,  S.  C.,  Industrial  Div.,  Ra- 
cine, Wise. 

Line  Material  Co.,  740  North  2nd  St,  Mil- 
waukee, Wise. 

McGill  Mfg.  Co.,  Box  670,  Valparaiso,  Ind. 

Mica  Insulator  Co.,  797  Broadway,  Sche- 
nectady 1,  N.  Y. 

Mlnerallac  Electric  Co.,  25  N.  Peoria  St., 
Chicago,  111. 

Mitchell-Rand  Insulation  Co.,  Inc.,  51  Mur- 
ray St.,  New  York  7,  N.  Y. 

National  Electric  Products  Corp.,  Fulton 
Bldg.,  Pittsburgh,  Pa. 

Nukem  Products  Corp.,  70  Niagara  St., 
Buffalo,  N.  Y. 

Paisley  Products,  Inc.,  1770  Canalport 

_ Ave.,  Chicago  16.  111. 

Okonite  Co.,  Canal  St,  Passaic,  N.  J. 

Pioneer  Asphalt  Co.,  435  N.  Michigan  Ave., 
Chicago,  III. 

Production  Engineering  Corp.,  666  Van 
Houten  Ave.,  Clifton,  N.  J.  (service) 

Robertson  Chemical  Co.,  9808  Meech  Ave.. 
Cleveland,  Ohio 

Rockbestos  Products  Corp.,  310  Nlcoll  St., 
New  Haven,  Conn. 

Roebling’s  Sons  Co.,  John  A.,  640  S.  Broad 
St.,  Trenton,  N.  J. 

Ruberoid  Co.,  500  Fifth  Ave.,  New  York, 
N.  Y. 

Rusgreen  Mfg.  Co.,  14262  Birwood  Ave., 
Detroit,  Mich. 

Schott  Co.,  Walter  L.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 

Sauereisen  Cement  Co.,  Sharpsburg  Sta- 
tion. Pittsburgh,  Pa. 

Standard  Oil  Co.  (Indiana),  910  S.  Michi- 
gan Ave.,  Chicago  80,  111. 

Sterling  Varnish  Co..  Haysville,  Pa. 

Standard  Varnish  Works,  2600  Richmond 
Terrace,  Staten  Island  3,  N.  Y. 

Trotter  & Co.,  E.  T.,  594  Johnson  Ave., 
Brooklyn,  N.  Y. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York,  N.  Y. 

Westinghouse  Electric  Corp..  East  Pitts- 
burgh, Pa. 

Witco  Chemical  Co.,  295  Madison  Ave., 
New  York  17,  N.  Y. 

Zophar  Mills,  Inc.,  112  26th  St.,  Brooklyn 
32,  N.  Y. 


Waxes 

WA«X;J!LOT,BER-  ASPHALTUM.  08  OTHER 

base  insulating  cwovmT* 

Con...  217  Broad - 

AMI  phrod°ucCtsC^  CchoCaB80127Uoi 

Anaw*f  ~ Welding  Controls  <5  Timers 

Austin  Co.,  M.  B ins  c , . 

Chicago,  in  ” 08  S'  DesPlaines  St, 

BldddelphiaJpTS  1218  Arch  St-  Phlla- 

till 


see  Timers,  Welding 


° ‘Blo^g?o0n.  Waah'n*ton  St., 

COChJtrnaeeyChce,T5!CaIi.CI°  ' 482  Da"'«™  Ave., 
Communication  Parte,  U01  N.  Paulina  St. 

Dolph  Co.,  John,  1060  Broad  St,  Newark, 

D°"M?chmlnK  C°rp-  Box  M2,  Midland. 
duPont  de  Nemours  & Co..  E I Plasti™ 
nePjt,  626  Schuyler  Ave.,  ^rhng^ 

E,eCro,Cealpf?lf‘ni!rS  Equlpment  c‘>-  Mel- 

Fed  B^J1tPh^.a?k  W C°rP  ’ 591 

° 'ZFtftctUSA**-  7809  Ken- 

D-62 


COIL  WINDERS 
see  Machines 

WINDINGS 

see  Colls 


Wire. 


ANTENNA  WISE 

A1PhYork,irN  <YrP"  50  Howard  st-.  New 
a 5£ta£  Steef  &°  wTrf SHlSfe 

Birnbaeh  ^‘o^Inc.,  145  Hudson  St, 

BOS,;V'  .Tnaulafed  Wire  & Cable  Co.,  65 
Ba>  St.  (Dorchester).  Boston.  Mass 


Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91,  Conn. 

Columbia  Wire  & Supply  Co.,  4106  X 
Pulaski  Road,  Chicago  41,  111. 
Crescent  Insulated  Wire  A Cable  Co  X 
Olden  Ave.,  Trenton,  N.  J. 

Diamond  Wire  & Cable  Co.,  128  E.  16th 
_ St,  Chicago  Heights,  111. 

Eagle  Electric  Mfg.  Co.  Inc.,  23-10  Bridge 
P aza  S.,  Long  Island  City,  N.  Y. 
Electric  Auto-Lite  Co.,  Wire  A Cable  Div. 
Port  Huron,  Mich. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 
Essex  Wire  Corp.,  1601  Wall  SL,  Fort 
Wayne,  Ind. 

Fleron  & Son,  Inc.,  M.  M.,  113  N.  Broad 
St,  Trenton,  N.  J. 

Flexo  Wire  Co.,  638  Genesee*  St. 
Syracuse  1,  N.  Y. 

General  Cable  Corp.,  420  Lexington  Ave. 
New  York,  N.  Y. 

General  Electric  Co.,Schenectady  5,  N.  Y. 
Johnson  Co.,  E.  F.,  Waseca,  Minn. 

New  England  Electrical  Wks.,  Inc.,  361 
Main  St,  Lisbon,  N.  H. 

Paranite  Wire  & Cable  Div.  of  Essex 
Wire  Corp.,  1601  Wall  St,  Fort 
Wayne  6,  Ind. 

Roebling's  Sons  Co.,  John  A,  640  S.  Broad 
St,  Trenton  2,  N.  J. 

Schott  Co.,  Walter  L.,  9306  Santa  Monica 
Blvd.,  Beverly  Hills,  Calif. 

Spencer  Wire  Co.,  West  Brookfield,  Mass. 
Uniform  Tubes,  Sburs  Lane  A Lauriston 
St.,  Roxborough,  Philadelphia,  Pa. 
United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

Westinghouse  Lamp  Div.,  Westinghouse 
Electric  Corp..  Bloomfield,  N.  J. 

HIGH  VOLTAGE  WIRE 

Alden  Products  Co.,  117  North  Main  St, 
Brockton  64,  Mass. 

Alpha  Wire  Corp.,  50  Howard  SL,  New 
York,  N.  Y. 

American  Steel  & Wire  Co.,  Rockefeller 
Bldg.,  Cleveland  13,  Ohio 
Anaconda  Wire  A Cable  Co.,  25  Broad- 
way, New  York  4,  N.  Y. 

Birnbaeh  Radio  Co.  Inc.,  145  Hudson  SL, 
New  York,  N.  Y. 

Boston  Insulated  Wire  A Cable  Co..  65 
Bay  St,  Dorchester,  Boston,  Mass. 
Columbia  Wire  & Supply  Co.,  4106  North 
Pulaski  Road,  Chicago  41,  111. 

Crescent  Co.,  Inc.,  Front  A Central  Ave.. 
Pawtucket,  R.  J. 

Crescent  Insulated  Wire  & Cable  Co., 

N.  Olden  Ave.,  Trenton,  N.  J. 

Diamond  Wire  A Cable  Co.,  128  E.  16th 
St,  Chicago  Heights,  111.  „ , 

Electric  Auto-Lite  Co.,  Toledo  1.  Ohio 
Electric  Auto-Lite  Co.,  Wire  A Cable  Div.. 

-Port  Huron,  Mich.  „ 

Essex  Wire  Corp.,  1601  Wall  St,  Fort 
Wayne,  Ind. 

Flexo  Wire  Co.,  638  Genesee  St 
Syracuse  1,  N.  Y. 

General  Cable  Corp.,  420  Lexington  Ave., 
New  York,  N.  Y.  _ 

General  Electric  Co.,  Bridgeport,  Conn. 
General  Electric  Co.,  Schenectady,  N.  i- 
Goldmark  Wire  Co.,  James,  116  West  SL. 

New  York  7,  N.  Y.  _ . M 

Lenz  Electric  Mfg.  Co.,  1751  N.  Western 
Avenue,  Chicago  47,  111.  _ „ 

National  Electric  Products  Corp.,  Fulton 
Bldg.,  Pittsburgh,  Pa. 

Okonite  Co.,  Canal  St,  Passaic,  N.  J- 
Phelps  Dodge  Copper  Products  Con)-. 
American  Copper  Prods.  Div.,  40  wau 
St.,  New  York,  N.  Y.  ,n  | 

Rhode  Island  Insulated  Wire  Co..  50  \ 

Burnham  Ave.,  Providence,  R 1- 
Roebling's  Sons  Co.,  John  A,  640  &• 
Broad  St.,  Trenton  2,  N.  J. 

Rome  Cable  Corp.,  330  Ridge  St,  Rome, 

N.  Y 

United  States  Rubber  Co.,  1230  Sixth  Ave.. 

New  York  20,  N.  Y.  <r,  0 .. 

Western  Insulated  Wire,  Inc..  1161  °°ut11 
Broadway,  Los  Angeles  15,  Cam- 
York  Wire  & Cable  Div.,  General  Electric 
Co.,  Bridgeport,  Conn. 

HOOKUP  WIRE 

Acorn  Insulated  Wire  Co.,  Inc.,  225  King 
St.  Brooklyn  31,  N.  Y.  c 

Alden  Products  Co.,  117  North  Mam  m- 
Brockton  64,  Mass.  . 

Alpha  Wire  Corp.,  50  Howard  St,  New 
York,  N.  Y.  „ , 

American  Electric  Cable  Co.,  HolyoKe. 

Mass.  _ 

American  Phenolic  Corp.,  1830  S. 

Chicago  50.  111. 
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ELECTRONIC  and  ALLIED  PRODUCTS. 


American  Steel  ft  Wire  Co  Rockefeller 
Bldg.,  Cleveland  13,  Ohio 
Anawnda  Wire  & Cable  Co.,  25  Broadway, 

Anson^T  Electrical  Co.,  Ansonia,  Conn. 

Belden  Mfg.  Co.,  4647  W.  Van  Buren  SL, 

Bimbacha^dio  Co.,  Inc.,  145  Hudson  St., 

Boston' ^Insulated  Wire  & Cable  Co.,  65 
Bay  St,  (Dorchester).  Boston  Mass. 
Columbia  Wire  & Supply  Co..  4106  N. 

Pulaski  Road,  Chicago  41,  111. 

Consolidated  Wire  ft  Associated  rCtTP  ’ 

1635  S.  Clinton  St.,  Chicago  16,  111. 
Cornish  Wire  Co.,  15  Park  Row,  New 
York  N.  Y. 

Crescent  Co.  Inc.,  Front  & Central  Ave., 

CresS'Ynauiat^^Wlre  & Cable  Co., 

Diamond t0\Vlre  ft  Cable  Co.,  128  East 

ElectKoOTo^^'iSi'  Cable  Div., 
Port  Huron,  Mich. 

Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 
Electric  Switch  Corp.,  14th  at  Union  St., 

Cort  1601  Wall  St.,  Fort 
Wayne,  Ind.  _ ...  . 

Flexo  Wire  Co.,  638  Genesee  St,  West 
Syracuse  1,  N.  Y. 

General  Cable  Corp.,  420  Lexington  Ave., 
New  York  N Y. 

General  Cement  Mfg.  Co.,  919  Taylor  Ave., 
Rockland,  111.  ^ ~ 

General  Electric  Co.,  Bridgeport,  Conn 
General  Insulated  Wire  Works,  Inc.,  69 
Gordon  Ave.,  Providence  5.  R.  L 
J.  F.  D.  Mfg.  Co.,  4111  Ft  Hamilton  Park- 
way, Brooklyn,  N.  Y. 

Kellogg  Switchboard  & Supply  Co.,  6650 
8.  Cicero  Ave.,  Chicago  38,  111. 

Lena  Electric  Mfg.  Co.,  1761  N.  Western 
Ave..  Chicago  47,  111.  ..  .. 

Lowell  insulated  Wire  Co.,  171  Lincoln 
St,  Lowell,  Mass. 

New  England  Electrical  Wks.,  Inc.,  366  ' 
Main  St,  Lisbon,  N.  H. 

Packard  Electric  Dlv..  General  Motors 
Corp.,  Warren,  Ohio 

Paranlte  Wire  & Cable  Dlv.  Essex  Wire 
Corp.,  1601  Wall  St,  Fort  Wayne  6, 

Phelps  Dodge  Copper  Products  Corp.. 
American  Copper  Prods.  Dlv,,  40  Wall 
SL,  New  York,  N.  Y. 

PhUmore  Mfg.  Co.,  113  University  PI.. 

New  York,  N.  Y.  . . 

Plastic  Wire  & Cable  Corp.,  Norwich, 
Conn.  _ _ , 

» Rhode  Island  Insulated  Wire  Co.,  Provi- 
dence, R.  I.  Q. 

f Rockbeatos  Products  Corp.,  308  Nicoll  St, 
New  Haven  4,  Conn.  _ . 

• Roebllng’s  Sons  Co.,  John  A.,  640  Broad 
St,  Trenton  2,  N.  J.  _ _ 

Rome  Cable  Corp.,  330  Ridge  St,  Rome, 
N.  Y. 

Surprenant  Electrical  Insulation  Co.,  84 
Purchase  St.,  Boston  10,  Mass. 

United  States  Rubber  Co.,  1230  Sixth 
Ave  New  York  N.  Y. 

Westlnghouse  Lamp  Div.,  Westlnghouse 
Electric  Corp.,  Bloomfield,  N.  J. 
Whttney-Btake  Co.,  Dlxwell  Ave.,  New 
Haven,  Conn.  _ . 

Wood  Electric  Co.,  Inc.,  C.  D.,  826  Broad- 
way, New  York  3,  N.  Y.  ^ . 

York  Wire  & Cable  Dlv.,  General  Electric 
Co.,  Bridgeport,  Conn. 

MAGNET  WIHE 

Alpha  Wire  Corp.,  50  Howard  St.,  New 
York,  N.  Y.  ’ „ „ 

American  Steel  & Wire  Co.,  Rockefeller 
Bldg.,  Cleveland  13,  Ohio 
Anaconda  Wire  & Cable  Co.,  25  Broad- 
way, New  York  4,  N.  Y. 

Ansonia  Electrical  Co.,  Ansonia,  Conn. 
Belden  Mfg.  Co.,  4647  W.  Van  Buren  St, 
Chicago  44,  111. 

Birnbach  Radio  Co.  Inc.,  145  Hudson  St., 
New  York,  N.  Y.  _ 

Chase  Brass  & Copper  Co.,  Inc.,  236  Grand 
St,  Waterbury  91,  Conn. 

Consolidated  Wire  & Associated  Corps.. 

1635  S.  Clinton  St,  Chicago  16,  111. 
Electric  Auto-Lite  Co.,  Toledo  1,  Ohio 
Electric  Auto-Lite  Co..  Wire  & Cable  Div., 
_ Port  Huron,  Mich.  _ 4 

Engineering  Laboratories,  Inc.,  602  East 
Fourth  St..  Tulsa  3,  Okla. 

Essex  Wire  Corp.,  1601  Wall  St.,  Fort 
Wayne.  Ind. 

General  Cable  Corp..  420  Lexington  Ave., 
New  York.  N.  Y. 
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General  Electric  Co..  Bridgeport, .Conn. 

Goldmark  Wire  Co.,  James,  116  West  St., 
Mow  York  7 N Y. 

Guthman  & Co.,'  Edwin  I..  15  S.  Throop 

Hudson  Wire^o./winated  Dlv..  Winsted, 

KellSgnswltchboard 1 & Supply  Co.,  6660 
S.  Cicero  Ave.,  Chicago  38,  111. 

Knickerbocker  Anunciator  Co.,  116  West 
St.,  New  York,  N Y. 

Lewyt  Corp.,  60  Broadway,  Brooklyn,  New 

Meissner1  Mfg.  Div.,  Maguire  Industries, 
Inc..  Mt.  Carmel,  111. , ,.r 

New  England  Electrical  Wks.,  Inc.,  36e 
Main  St,  Lisbon,  N.  H. 

Paranite  Wire  & Cable  Corp.,  Dlv.  Essex 
Wire  Co.,  1601  Wall  St,  Fort  Wayne 

Phelps  ^Dodge  Copper  Products  Cotp.. 
American  Copper  Prods.  Div.,  40  Wall 
St  New  York,  N.  Y. 

Philadelphia  Insulated  Wire  Co.,  200  N. 
Third  St.,  Philadelphia,  Pa. 

Rea  Magnet  Wire  Co.,  Inc.,  E.  Pontiac 
SL.  Extended  Fort  Wayne,  Ind. 

Rockbeatos  Products  Corp.,  308  Nicoll 
St.,  New  Haven  4,  Conn. 

Roebllngs  Sons  Co.,  John  A..  640  S. 

Broad  St..  Trenton  2.  N.  J. 

Rome  Cable  Corp..  330  Ridge  St..  Rome, 
v y 

Snencer  Wire  Co..  West  Brookfield.  Mass. 

Swedish  Iron  & Steel  Corp.,  17  Battery 
Place.  New  York.  N.  Y. 

United  States  Rubber  Co.,  1230  Sixth  Ave., 
New  York  20,  N.  Y. 

Wheeler  Insulated  Wire  Co.,  ^Ine..  378 
Washington  Ave.,  Bridgeport.  Conn. 

Wickwlre  Spencer  Metallurgical  Corp.,  26 
Sherman  St..  Newark.  N.  J- 

York  Wire  ft  Cable  Div..  General  Electric 
Co..  Bridgeport.  Conn. 

POWER  CORDS 


ParacrpWie0lVCaair!tmkrfweaXynrr6e. 

PhUmore  Mf'g.^.  1°13  University  Place, 
RoebUng'sY°Son^  Co.,  John  A.,  640  S. 

RomfgableStCoTrpen  3°3n0  **&.».  Rome. 

Runzel  Cord  A Wire  Co  4731  W.  Mont- 

SimpTx®  Wire  ^cX’cirp.,  79  Sidney 
PSL,  Cambridge  39,  Mass.  Sixth 

•United’  States  Rubber  Co 1230  Sixth 

Western  lnmilated  J^c  '15UcaHf°Uth 

WtSS  I’O8,  «U15AvCeaHfNew 

YorkHwTre'&CCanbie  Div  Generai  Electric 
Co.,  Bridgeport,  Conn. 

RESISTANCE  and  FILAMENT  WIRE 

Allegheny  Ludlum  Steel  Corp..  Bracken- 
Allo^^rwireCo. 

iSSiSK  ip  ?nioRookefeller 

Birnbach  Radio^^Inc.’,  S^Hudson  SL, 

CaiUrS^V,  3301  St" 

ChaseB?Ss?iyco^i«r  Co..  Inc.,  286  Grand 
St.,  Waterbury  91,  Conn. 

Cohn  ft  Co.,  Sigmund,  44  Gold  St.,  New 

Columbia  Wipe*  & Supply  Co..  4106  N. 

Driver*  Co^'wiUHir  Ave., 

Drlv^Xrrkri.Vo  201  Mlddiesex  SL. 
Harrison,  N.  J. 


Aircraft  Products  Co.,  3502  E.  Pontiac 

Alden1" Product^ 117  North  Main  St.. 

Alphar<Wlrencorp1f  50  Howard  St.,  New 

American  Steri*  Wire  Co  , Rockefeller 

Anacomfa  25  Broad- 

way,  New  York  4,  N.  Y.  _ 

BIrnb?chaR°adVo  S.  Inc.,  145  Hudson  St., 

Boston  WIYsuiated' Wire  & Cable  Co  65 
Pov  qt  Dorchester,  Boston.  Mass. 
ClarSEt Mfg  Inc.’,  130  Clinton  SL, 

ColuPWak'wireN  * . Supply  Co  4106  N. 

Pulaski  Rd..  Chicago  41.  111. 
Consolidated  Wire  ft  Associated  Corps., 
1635  S.  Clinton  SL.  Chicago  16.  Ilk 
Cornish  Wire  Co.,  lu  Park  Row,  New 

Crescent* ’ecu  Inc..  Front  ft  Central  Ave., 

CresMsuliaVw.re  ft  Cable  Co.,  N. 

Olden  Ave..  Trenton.  N.  J.  . 
Diamond  Wire  & Cable  Co  .128  East  l6tn 

Eastern  Electronics  Corp.,  41  Chestnut 

Elect® fe  K^«e  ft  Cable  D.v„ 

Gene™ayCablIencorp  420  Lexington  Ave., 

r-orfinn  Ave  Providence  5,  R.  I. 
Insuline  Com.  of  America,  36-02  35tn  Ave., 

j.  frt  asj? hr— 

KerlfearS|eBd3n  Arable  CO.,  30 
Lowel^InmUated^  Wire  Co.,  171  Lincoln 

-«»TNrn 

pa°S%SI^“'Moto” 




gSr’gTC°o?p“  814  Michigan  SL, 
GoldSiaka«|,  James,  116  West  SL. 

HayduWB?o0sr,  MtNBethel  Rd..  Plainfield, 

HoskinsJ  Mfg  Co  4445  Lawton  Ave., 
j f° PD  ° M an u f actu  r l ng  Co . 4111  Fort 

Lewls°En^nErinrCo.,  52  Rubber  Ave., 
NorthaAmericanCPhnmps  Co.  100  East 
:rtS«ti^U  SL. 

PrecirioTRisfstor  Co.,  334  Badger  Ave., 

RadS  of  America,  Tube  Dlv.,  RCA. 

H“rwi°r«'co'  West  Brookfield,  Mass. 

Com-  17  Battery 

¥'  600  F‘,th 
WesUnlhousTElectrlc  Corp.,  East  Pitts- 
burgh.  Pa.  Westinghou.se 

■» 

-WWW!**  F,“ 

SHIELDED  WIRE 

2M  K’ng 

Main  St.. 

AlpharwlmncorpMa|S-  Howard  SL,  New 
AnaSSSfc’  Wire  A Cable  Co.,  25  Broadway, 

B.rn«°af ’Jo.  Inc.,  145  Hudson  SL. 

.Ne?r,J.mted  Wire  ft  Cable  Co.,  65  Bay 
B SL I(Dorch ester),  Boston,  Mass. 
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. . This  is  Cardioid 


"Cardioid”  means  heart-shaped.  It  describes  the 
pickup  pattern  of  a microphone  as  illustrated  in 
this  diagram.  Unwanted  sounds  approaching  from 
the  rear  are  cancelled  out  and  the  pickup  of  random 
noise  energy  is  reduced  by  66%.  The  actual  front  to 
back  ratio  of  reproduction  of  random  sound  energy 
is  7 to  1. 


. This  is  Super-Cardioid 


"Super-Cardioid”  also  describes  a pickup  pattern 
and  is  a further  improvement  in  directional  micro- 
phones. The  Super-Cardioid  has  a wide  front-side 
pickup  angle  with  greater  exclusion  of  sounds  ar- 
riving from  the  sides  and  the  rear.  The  front  to 
back  random  sound  ratio  is  14  to  1 which  makes 
it  twice  as  unidirectional  as  the  ''Cardioid.  A 73% 
decrease  in  the  pickup  of  random  noise  energy  is 
accomplished. 


This  is  Uniphase 


"Uniphase”  describes  the  principle  by  which  direc- 
tional pickup  is  accomplished  in  a single  Micro- 
phone unit.  This  is  a patented  Shure  development 
and  makes  possible  a single  unit ' Super-Cardioid 
Directional  Microphone  eliminating  the  necessity 
of  employing  two  microphone  units  in  one  case— 
it  gives  greater  uniformity  in  production,  greater 
ruggedness,  lower  cost  for  comparable  quality  and 
more  uniform  vertical  pickup  pattern. 


. . This  is  the  result 

The  SHURE  Super-Cardioid 

A decrease  in  the  pickup  of  random  sound  energy 
by  73%  — reduction  of  feedback  and  background 
noise— simplification  of  sound  pickup  are  among 
the  many  advantages  offered  by  the  Shure  Super- 
Cardioid”  Dynamic.  These,  plus  faithful  reproduc- 
tion, are  the  reasons  why  Shure  "Super-Cardioid’ 
Microphones  are  used  by  more  than  750  Broadcast 
Stations  in  the  United  States  alone,  by  our  Armed 
Forces  throughout  the  world,  and  on  thousands  o 
Public  Address  Systems  everywhere. 

SHURE  BROTHERS 

Designers  and  Manufacturers  of  Microphones  and  Acoustic  Devices 

225  West  Huron  Street  Chicago  10,  Illinois 


Sounds  entering  from  front. 


Sounds  entering  from  rear. 


nr 
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NEW  PRODUCTS 

New  materials,  new  components,  new  as- 
semblies; new  measuring  equipment; 
new  technical  bulletins,  and  new  catalogs 

Features  of  Stroboscopic  Light  Source 


For  inspection,  stress  study  and 
timing  of  reciprocating  and  rotat- 
ing motion  and  electron  switch  and 
relay  applications,  Sylvania  Elec- 
tric Products  Inc.,  of  Salem,  Mass., 
now  has  available  cold-cathode 
electron  tubes  with  two  internal 
trigger  grids  for  operation  in  sim- 
ple capacitor  discharge  circuits. 
Used  as  a source  of  stroboscopic 
light,  these  strobotron  tubes  pro- 
vide pulse  frequencies  up  to  240 
pulses  per  second.  Standard  stro- 
botrons  measure  4&  in.  overall, 
including  a T-9  bulb  and  a 4-pin 
base,  1&  in.  in  diameter.  Fifty 
milliamperes  average  current  with 
850-v  d-c  on  the  anode  permits 
instantaneous  surges  of  5 amp. 
Grids  are  -operated  at  70-v  d-c  and 
15  ma  maximum.  There  is  a drop 
of  75  volts  during  glow  discharge 
and  a 20-v  drop  during  arc  dis- 
charge. Starting  is  initiated  by  dis- 


charge between  any  two  elements 
but  usually  between  grids  or  either 
grid  and  cathode.  Starting  voltages 
range  between  70  and  145- v d-c  de- 
pending on  the  elements  used  in 
their  polarity. 

Applications  of  the  strobotrons 
include  continuous  visual  inspec- 
tion of  moving  textiles  and  printing 
from  high-speed  rotary  presses; 
precise  timing  of  cams,  shafts,  fly- 
wheels, gears,  pulleys,  fan  blades, 
spindles  and  shuttles,  and  many 
other  rotating  or  reciprocating 
parts.  The  tubes  also  make  visual 
study  of  stress  or  effect  (during 
operation,  in  actual  service)  easy 
by  creating  stop,  reverse  or  slow 
motion  which  may  be  photographed 
for  reference  or  permanent  record. 
Frequency  of  flashing  may  be  read- 
ily controlled  and  calibrated  over 
wide  limits  to  produce  a compact 
direct-reading  instrument.  High 


available  peak  currents  make  these 
tubes  particularly  adaptable  ti  're- 
lay and  control  applications  because 
they  are  fully  enclosed  and  without 
moving  parts  and  because  they  pro- 
vide positive  and  powerful  relay 
action  in  applications  where  other 
types  of  relays  may  fail  or  produce 
operating  hazards  in  corrosive  or  { 
explosive  atmospheres. 

Stroboscopic  light  played  a large 
part  in  the  exact  balancing  of  ro- 
tating parts  in  the  Norden  bomb- 
sight  where  tolerances  were  kept 
within  20  millionths  of  an  inch. 
Timed  light  flashes  permitted  pre- 
cise determination  of  rotating 
speeds  and  visual  study  of  imbal- 
ance during  laboratory  tests.  In 
the  photograph  (bottom)  light 
flashes  were  produced  by  a stro- 
botron tube  manufactured  by  Syl- 
vania Electric.  The  technician  is 
making  production  tests  of  bomb- 


sight  equipment  in  the  laboratory  of 
the  Victor  Adding  Machine  Com- 
pany, using  a General  Radio  Stro- 
botac  and  a Gisholt  Dynetric 
Balancer. 


Folded  Unipole  Antennas 

These  folded  unipole  antennas 
weigh  15  lb  and  are  for  use  in  trans- 
mitting and  receiving  at  fre- 
quencies from  30  to  40  me  and  for 
powers  up  to  5,000  w.  Antennas  for 
higher  frequencies  are  being  de- 
signed by  the  manufacturer,  An- 
drew Co.,  363  East  75th  St.,  Chi- 
cago 19,  111.  Features  of  the  units 
are  as  follows:  Lightning  bazar 
is  minimized  by  grounded  vertica 
element;  “slide  trombone”  calibra 
tion  permits  exact  adjustment  for 
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any  frequency  between  30  and  40 
me ; a non-reactive  impedance  with 
a resistive  component  varying  be- 
tween 62  and  76  ohms  is  provided ; 


Harvey  Laboratories,  Inc.,  447 
Concord  Ave.,  Cambridge,  Mass., 
has  announced  for  commercial  use 
their  Galvascope,  essentially  an 
electronic  a-c  galvanometer  which 
provides  a visual  means  for  detect- 
ing bridge  balance.  Since  the  in- 
strument employs  a 6E6  tube  as  an 
indicator  and  has  no  moving  parts 
whatsoever,  electrical  overload  and 
mechanical  shock  cannot  injure  it, 
and  there  is  no  waiting  for  an  un- 
damped galvanometer  needle  to 
come  to  rest.  Difficulties  sometimes 
encountered  with  vibration-type 
galvanometers  have  been  eliminated 
from  this  instrument.  The  Galva- 
scope is  housed  in  a welded-steel 
cabinet  with  two  operating  controls 
(sensitivity  and  indicator  bias)  on 
a sloping  panel.  Side  louvres  and 
rear  openings  provide  adequate 
ventilation  and  hold  the  tempera- 
ture rise  to  a maximum  of  30  C. 
All  tubes  except  the  indicator  tube 
are  conveniently  mounted  in  a tube 
compartment  which  is  easily  acces- 
sible. Two  permanently  attached 
cords  provide  connections  to  a 
115-v,  60-60  cycle  'a-c  line  and  to 
the  detector  terminals  of  any  1000- 
cycle  a-c  bridge.  The  signal  cord 
terminates  in  a specially  designed 
banana-type  plug  having  standard 
J-in.  spacing  between  terminals. 

In  designing  the  circuit  of  the 
instrument,  use  of  the  optical  ad- 
vantage of  working  with  a small 
angular  opening  of  the  indicator 
tube  eye  is  utilized.  The  circuit 
consists  of  an  a-c  amplifier,  a signal 
rectifier,  an  indicator,  and  a self- 
contained  power  supply.  The  oper- 

240 


when  the  antenna  is  used  with 
transmitters  there  is  no  standing 
wave  on  the  line,  thus  reducing 
line  losses  and  voltage  flashover, 
and  freedom  from  reflections  is 
obtained;  the  band-width  is  good 
for  f-m  because  it  is  not  less  than 
400-kc  wide  for  a standing  wave 
ratio  of  1.2  to  1,  and  by  careful 
selection  of  transmission-line  im- 
pedance, may  be  made  as  wide  as 
1 me;  the  antenna  may  be  used 
with  any  70-ohm  coaxial  cable, 
solid  dielectric  or  beaded,  up  to  i- 
in  diameter. 


ation  of  the  device  involves  ampli- 
fication of  the  1000-cycle  bridge  sig- 
nal, followed  by  rectification  of  the 
amplified  signal  and  application  of 
the  indicator  tube.  In  the  absence 
of  signal,  the  eye  of  the  indicator 
tube  is  closed  or  overlapped,  de- 
pending upon  the  setting  of  the 
indicator  bias  control.  When  signal 
voltage  is  applied,  the  eye  opens. 
As  the  bridge  is  brought  into  bal- 


ance the  signal  decreases,  and  is 
indicated  by  closing  of  the  eye. 
By  proper  manipulation  of  the  con- 
trols, the  eye  is  just  closed  (but  not 
overlapped)  at  balance,  whereas 
slightly  off  balance  the  eye  is  open 
to  a small  angle.  The  manufac- 
turer states  that  the  term  balance 
as  used  here  is  intended  to  mean 
the  nearest  approach  to  a complete 
null,  and  may  represent  a minimum 
signal  of  some  magnitude.  In  other 
words,  two  major  accomplishments 
are  achieved:  detection  of  a very 
small  signal,  and  detection  of  a very 
small  change  in  a relatively  large 
signal. 


The  problem  of  reflected  light  ii 
solved  by  the  horizontal  mounting 
of  the  tube,  and  an  adjustable 
shield  is  incorporated  in  the  in- 
strument to  solve  the  problem  of 
stray  light.  Tubes,  resistors  and 
capacitors  are  operated  at  no  more 
than  two-thirds  maximum  rating, 
and  in  most  cases  the  safety  factor  i 
is  considerably  greater.  j 


Master  Coil  Sets  for 
Electronic  Heating 

The  Induction  Heating  Corpora- 
tion (389  Lafayette  St.,  New  York 
3,  N.  Y.)  has  developed  master  coil 
sets  for  users  of  Thermionic  elec- 


tronic heating  equipment  to  aid 
them  in  immediately  adapting  the 
unit  to  any  specific  application  in  a 
minimum  of  time.  The  sets  con- 
sist of  master  coils  and  removable 
inserts  in  diameter  sizes  ranging 
from  4 in.  to  3 in.,  and  of  any  de- 
sired thicknesses  so  that  the  coils 
are  capable  of  heating  axial  bands 
of-  various  widths  to  produce  many 
heat  patterns.  Blank  inserts  are 
available  to  allow7  the  user  to  cut  the 


desired  contour  to  match  a par  1C 
lar  work.  Inserts  can  be  chang 
in  a matter  of  seconds  since 

Nc.ber  ms-  ELECTRONICS 


An  Electronic  A-C  Galvanometer  for  Commercial  Use 
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SPERRY  RAILROAD 

COMMUNICATIONS  SYSTEM 

iSqJj 

• 

Microwave  applications  for 

the  first  time 

• 

Designed  especially  for  rail- 

roads 

• 

Greater  Range 

Increased  Signal  Strength 

• 

FM  Signal  Audibility  through 
any  kind  of  interference 

• 

Any  degree  of  Directional 
Control 

• 

Suitable  for  indoor  and  out- 
door installations 

• 

Available  in  both  VHF  and  UHF 

system ! 


or  atmospheric  disturbance  interferes  with 
[vital  business! 

Automatic  relay  stations,  employing  hereto- 
6 i fore-restricted  radar  components  that  can  be 
-^substituted  for  overhead  land  lines  in  treach- 
erous storm  areas,  will  link  way  stations  and 
headquarters, and  provide  a continuous  en  route 
"j  connection  between  trains  and  wayside  points, 
i A specially  designed  antenna  provides  any 
required  degree  of  directional  control. 

Rock  Island  Lines,  whose  “sole  purpose  is 
to  provide  the  finest  in  transportation,”  is  being 
equipped  with  a Sperry  Railroad  Communi- 
cations System. 

If  you  would  like  our  help  in  planning 
a complete  radio  communications  system  to 
expedite  the  handling  of  your  freight  and  pas- 
senger traffic,  write  our  Industrial  Department 
for  further  information. 


GREAT  NECK,  N.  Y.  * IOS  ANGELES  • SAN  FRANCISCO  • 


SEATTLE  • NEW 


. NEW  ORLEANS  ■ CLEVELAND  • BROOKLYN  • HONOLULU  * 


AUTOMATIC  COMPUTATION 


SERVO-MECHANISMS 
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Once  AGAIN  you  can  get  sturdy,  dependable 
STANCOR  Transformers  in  a wide  variety  of  sizes  and 
types — or  get  them  built  to  your  exact  specifications — 
in  any  reasonable  quantity,  within  reasonable  time. 


STANCOR  Transformers,  Reactors  and  Electronic 
Equipment  made  outstanding  performance  records 
all  over  the  world — often  under  most  adverse  operat- 
ing and  climatic  conditions.  They  are  the  best  that 
science,  skill  and  modern  precision  equipment  are  pro- 
ducing today.  So  get  "quotes”  from  STANCOR  first 
and  specify  STANCOR  where  performance  counts. 


STANCOR 


STANDARD  TRANSFORMER  CORPORATION 

1500  NORTH  HAISTED  STREET,  CHICAGO  2 2,  ILLINOIS 
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HICO  FACILITIES 

are  now  avail- 
able to  you  in  part  or  whole,  for  assistance  in  peacetime 
production  and  competition.  Ask  about  them  promptly , 
there  is  nothing  quite  like  them  elsewhere  in  a single 
plant.  They  are  also  of  a quality  and  character  that  will 
soon  result  in  full  demands  on  them: 


CASTING  — in  aluminum  and  bronze. 

I 

WELDING  — machine,  acetylene,  electric. 

MACHINING  — hand  and  automatic,  to  the  highest  pre- 
cision; particularly  for  the  radio  and  electronic  industiies. 

ASSEMBLING  — including  soldering,  hard  and  soft, 
hand  and  automatic. 

PLATING  — in  gold,  silver,  rhodium,  palladium,  copper, 
nickel,  and  chrome,  under  quality  control  and  uniform 
processing. 

finishing  — buffing,  polishing,  lapping. 

LAIIOHATOKIES  — chemical,  electrical,  mechanical. 

ENGINEERING  AND  DESIGN  — electrical  and  me- 
chanical. from  the  idea  to  the  finished  product,  by  an 
integrated  group  oi  competent  engineers. 


A UNIQUE  AND 
IJNBIVALED  SERVICE 
TO  INDUSTRY 


diamond 

INSTRUMENT  CO. 

L WAKEFIELD  • MASSACHUSETTS 
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SHALLCROSS 

ENGINEERING  SPECIALISTS 


CHECK 

AGAINS 


NEEDS 
; LIST 


TEAR  OUT  AND  MAIL 


□ 1.  "Altra-Ohm”  Accurate 
Fixed  Wire-Wound  Resis- 
tor! 

□ 2.  Hermetically-Sealed 
Resistors 

D 3-  High-Voltage  Corona- 
Protected  Resistors 

□ 4.  Compensated  Decade 
Units 

□ 5.  Ayrton  Universal  Shunts 
Q 6.  Ratio  Arm  Boxes 

O 7.  Secondary  Resistance 
Standards 

0 8. Multi-Resistance 
Standards 

0 9.  Megohm  Decade 
Standards 

0 10.  Decade  Resistance 
Boxes 

0 11.  Decade  Potentiometers 
(Voltage  Dividers) 

0 12.  Heavy  Duty  Resistance 
Decades 

013.  Megohm  Bridges 
0 14.  Percent  Limit  Bridget 
0 13.  Decibel  Meters 
0 16.  Telephone  Transmis- 
sion Testing  Equipment 
0 17.  Wheatstone  Bridget 
0 18.  Fault  Location  Bridget 
0 19.  Kelvin-Wheatstone 
Bridges 


0 20.  Low -Resistance  Test 
Sets 

0 21.  High-Voltage  Measur- 
ing Apparatus 

0 22.  Kilovoltmeter  Multi- 
pliers 

0 23.  Solid  Silver  Contact 
Rotary  Selector  Switches 

0 24.  Special  Switches 

0 23.  Unmounted  Decade 
Resistances 

0 26.  Binding  Posts 
□ 27.  Attenuation  Pads 

0 28.  Logarithmic  Decade 
Boxes 

O 29.  Portable  Galvano- 
meters 

O 30.  CONSULTANTS  ON: 

High-Voltage  Measure- 
ments 

Low -Resistance  Measure- 
ments 

Special  Resistors  for  High 
Frequency  Applications 

T ropicalization  of  Resis- 
tors, Switches  and  Instru- 
ments 

Other  Electrical  and  Me- 
chanical Engineering 
Problems 


SHALLCROSS  MFG.  CO. 

DIM.  MU,  COLIINSDALI,  PA. 


Digitized  by  LnOOQLe 


Optics  to  order— by  AMERICAN  methods 


Every  component  in  this  picture  is  as  precise  as  a top- 
flight craftsman  could  have  made  it  by  hand.  But  each 
and  every  one  of  them  was  produced  in  large  quanti- 
ties. Furthermore,  they  were  all  made  to  order  for  ex- 
acting customers  to  meet  rigid  specifications. 

Modern  machines,  of  our  own  improved  design,  oper- 
ated and  controlled  by  highly-skilled  American  workers, 
enable  us  to  produce  precision  optics  at  a high  produc- 
tion level.  The  result  is  fine  quality  at  a saving. 

Our  compact  group  of  trained  technicians  is  ready  to 
go  to  work  for  a few  additional  manufacturers.  But,  as 


reconversion  progresses, our  plant  becomes  increasingly 

busy.  Those  who  need  optics  should  readily  see  the 
wisdom  of  making  their  requirements  known  to  us  at 
an  early  date  so  that  we  can  give  them  the  prompt 
service  demanded  by  these  times. 

A new  booklet,  "Precision  Optics  by  American  Methods," 
tells  how  our  company  has  developed  optical  manu- 
facturing techniques,  why  we  continue  to  concentrate 
all  our  efforts  on  the  production  of  precision  optics  for 
others,  and  how  we  can  be  of  exceptional  service  to 
those  who  need  optical  components.  We  shall  be  pleased 
to  send  you  a copy  of  this  new  booklet  on  request. 


for  precision  OPTICS  come  to 

AMERICAN  LENS  COMPANY,  INC. 

45  Uspenard  Street,  New  York  13,  N.Y. 
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LECTRONIC  AC  VOLTMETE 


with  Logarithmic  Scale 


Since  its  tlevelopment.  in  1935  the  Ballantine 
Electronic  AC  Voltmeter  is  the  only  instrumen  t of 
its  kin<l  with  a Simplified  Logarithmic  Scale. 


The  important  feature  of  logarithmic  scale  in- 
dication in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1 as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi- 
range  instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 


B00NT0N,  NEW  JERSEY,  U.  S.  A. 
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Rheostat 

Tandem 

Assembly 


Rheostats 

with 

Toggle  Switch 


Rheostats 
in  Table 
Mounting  Cages 


*%iouOu*U  StotA  <utd  SfteeieU 

RHEOSTATS 

10  Wattage  Sixes  from  25  to  1000  Watts,  from 
1-9/14"  to  12"  Diameter,  with  Standard  or  Special 
Features,  with  Uniform  or  Tapered  Windings, 
in  Stock  or  Special  Resistances, 
in  Single,  Tandem  or  Concentric  Units. 

0 NLY  Ohmite  provides  such  wide  range  of  types 
and  sizes  ...  to  give  you  a quick  and  correct  answer 
to  your  rheostat  needs.  Shown  here  are  but  a few 
of  the  many  variations  produced  for  innumerable 
control  applications. 

All  models  have  the  time- proved  features  of 
Ohmite  design — the  pioneer  design  that  revolution- 
ized rheostat  construction.  Every  Ohmite  unit  assures 
permanently  smooth  close  control  . . . under  every 
operating  condition. 

Extensive  Ohmite  experience  . . . before  the  war 
and  in  the  war  ...  is  at  your  service  today.  Let 
Ohmite  engineers  help  you. 

OHMITE  MANUFACTURING  COMPANY 

4817  FLOURNOY  STREET,  CHICAGO  44,  U.S.A. 


OHMITE 

RHEOSTATS  • RESISTORS  • TAP  SWITCHES 


Sealed,  Completely 
Enclosed 
Models  H and  J 
Rheostats 


Send  for  Catalog  and 
Engineering  Monaal  Ne.  40 

Write  for  96-page  book  on 
your  company  letterhead. 
Gives  valuable  data  on  the 
selection  and  application  of 
rheostats,  resistors,  chokes 
and  tap  switches.  Address 
Ohmite  Manufacturing  Co, 
■4817  Flournoy  Street, 
Chicago  44,  111. 
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Sphere  Caps  for  High- 
Voltage  Measurements 

A complete  line  of  sphere  gaps, 
for  accurate  measurement  of  high 
voltages  used  in  a-c  or  d-c  testing, 
has  been  announced  by  General 
Electric’s  Transformer  Division, 
Pittsfield,  Mass.  Available  in  stand- 
ard diameters  of  2,  6.25,  12.5,  25, 
50,  75,  and  100  cm  for  spark-over 
voltage  ranges  of  8.5-45  to  261- 
1338-kv  crest,  the  sphere  gaps  are 
furnished  complete  with  current- 
limiting  series  resistance  assem- 
blies. The  units  provide  a direct 
and  accurate  method  of  gaging  test 
voltages;  serve  as  protective  de- 
vices to  prevent  overvoltage  on  the 
test  specimen  or  apparatus  during 
high  - potential  testing;  indicate 


crest  voltage  regardless  of  wave 
form;  are  relatively  unaffected  by 
humidity  changes  in  the  air;  have 
practically  no  time  lag;  and  pro- 
vide consistent  spark-over  voltages. 

The  2-  and  6.25-cm  gaps  are  both 
table-type,  with  electrodes  mounted 
horizontally  in  wooden  supports. 
The  larger  sizes  are  floor  types  with 
highly  polished  spheres  mounted 
vertically  in  a rectangular  frame. 
All  of  the  sphere  gaps  are  provided 
with  precision  adjustments  for  gap  | 
spacing.  Sphere  gaps  of  25  cm 
and  larger  can  be  provided  with 
casters  for  easy  mobility,  and  a 
motor  drive  for  gap  adjustment  if 
desired. 

The  current-limiting  resistance 
assemblies  are  made  of  non-induc- 
tive, wire-wound  rods  mounted  on 
treated  wooden  frames. 


Receiver-Transmitter  Unit 

Airadio,  Inc.  (Stamford,  Conn.) 
announced  final  production  plans  for 
a receiver-transmitter  unit  weigh- 
ing only  10.6  lb,  for  private  air- 
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HOR«°N*At  SOUND  DI5TRIB1 


The  Tru-Sonic  Co-Axial  Speaker 
combinesa  high  frequency  metal 
diaphragm  reproducer  and  a 
low  frequency  paper  cone  re- 
producer, mounted  together  with 
the  dividing  network  in  a single, 
compact  assembly,  15”  in  di- 
ameter and  9*  in  depth  giving 
a horizontal  sound  distribution 
of  80  degrees.  Outstanding  for 
custom  quality,  and  excellence 
before  the  war,  the  Tru-Sonic 
Speaker  is  finer  than  ever,  but 
is  available  at  a lower  price, 
because  of  quantity  production. 
Available  nowl  Write  for 
illustrated  brochure. 
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Models  AA7,  4A4  and  SYR 
-MULTI-UNIT  LOUDSPEAK- 
ERS; High  powered  direc- 
tional units  with  power  ca- 
pacities from  50  to  250  watts 
and  projection  ranges  from 
34  mile  to  2 miles.  AA  7 
illustrated. 


wmm; 


Models  1 B8  and  1 BR — PAG- 
ING AND  INTER-COMMUNI- 
CATION SPEAKERS:  Two  high 
efficiency  speakers  of  ex- 
treme  applicability.  IB8  is 
directional.  1 BR  is  a radial 
projector  1B8  illustrotcd 


Models  LH,  PH  and  SMH— 
REFLEX  HORNS  Rugged 

sound  projectors  capable  of 
Vj  mile  directional  coverage. 
Each  unit  features  different 
frequency  cutoff.  LH  illus- 
trated. 


Models  RCR  and  CR— HIGH 
EFFICIENCY  BOOSTER 
SPEAKERS;  These  hermeti- 
cally sealed  units  are  de- 
signed to  over-ride  high 
noise  levels  in  indoor  or  out 
door  locations — docks,  ship 
ping  rooms,  looding  plat 
forms.  RCR  is  radial  type, 
GR  directional.  CR  illustrated 


Models  RLH,  RPH  and  RSH 
3— RADIAL  LOUDSPEAKERS 

These  units  provide  360° 
coverage  with  three  choices 
of  low  frequency  cutoff.  They 
are  designed  for  minimum 
sount  concentration  beneath 
•he  speaker.  RPH  illustrated. 


pAH  and  SAH  — DRIVE* 
UNITS:  UNIVERSITY  Driver 

units  incorporate  such  spe- 
ciol  features  os  rim  center- 
ing, all  weather  construction 
— thot  increase  efficiency  and 
moke  possible  a breakdown- 
proof  guarantee.  Designed 
•0  fit  any  UNIVERSITY  PRO- 
JECTOR 


Models  RBP12  and  RBP8  — 
RADIAL  CONE  SPEAKERS 
PROJECTORS:  Rodial.  cone 

speaker  projectors  incorpo 
'ofing  infinite  baffie  design 
for  excellent  low  frequency 
response  RBP1 2 illustrated, 
•akes  12  cone  speaker.  RBP8 
•okes  8 cone  speaker. 


..for  every 
installation! 


Backed  by  a record  of  leadership 
in  the  pioneering  of  the  reflex, 
non-resonant,  horn-type  projec- 
tors, and  high  power,  weather- 
proof  breakdown  proof  driver 
units,  the  all-inclusive  line  of  UNIVERSITY 
speakers  represents  the  most  diversified  in  the 
field. 

As  a result  of  the  long,  specialized  experience, 
it  is  now  possible  to  specify  a UNIVERSITY 
unit  exactly  suited  to  any  particular  require- 
ment. Both  indoor  and  outdoor  types  are  avail- 
able for  high  fidelity  reproduction,  or  with 
characteristics  suitable  for  crisp  clarity,  and 
capable  of  over-riding  high  surrounding  noise 
levels. 

Each  UNIVERSITY  speaker  incorporates  spe- 
cial features — both  electrical  and  mechanical — 
which  assure  maximum  efficiency  and  depend- 
able functioning  at  all  times. 

SPECIAL  FEATURES 
"U”  BRACKET  MOUNTING:  This  feature  re- 
duces mounting  to  a simple  straightforward  pro- 
cedure and  permits  orientation  of  the  projectors  with 
the  ease  of  spotting  a searchlight. 

RIM  DAMPING:  All  UNIVERSITY  speakers  and 
projectors  are  rubber  rim  loaded  to  eliminate  me- 
chanical and  acoustic  resonance.  All  traces  of  rattle 
and  reverberation  are  eliminated  even  at  full  power 
output. 

ALL  WEATHER  CONSTRUCTION:  Climate 
and  exposure  can  not  impair  the  fine  performance 
of  UNIVERSITY  loudspeakers.  Heavy  gauge  metal 
construction,  complete  enclosure  of  the  driver  units, 
dust  and  water  proof  design  recommends  them  for 
any  installation  indoor,  outdoor  or  shipboard. 

UNIVERSITY 

LABORATORIES 

225  VARICK  STREET 
NEW  YORK  . 14,  N.Y. 
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CUSTOM-BUILT 
ELECTRONIC  ASSEMBLIES 

Need  electronic  assemblies  engineered, 
designed  and  produced  to  match  your 
requirements  exactly ? B & W offers  un- 
surpassed facilities  in  this  respect— for 
anything  from  a special  transmitter  or 
high-voltage  equipment  to  test  equip- 
ment, tuning  units,  high — and  ultra-high 
frequency  assemblies  and  dozens  of  others. 


/ Built-in  Neutralization 
/ Perfect  Design  Symmetry 
/ Heavy-Duty  Construction 

Half  the  length  of  conventional 
dual  units,  designed  for  built-in 
neutralization,  and  thus  having  per- 
fect design  symmetry,  B & W Heavy- 
Duty  Variable  Condensers  assure  a 
remarkable  improvement  in  the 
performance  of  any  equipment 
from  a transmitter  to  a dielec- 
tric heating  assembly. 

Write  for  Bulletin  7 5-C. 


I 


craft.  This  communications  system 
is  compact,  highly  sensitive,  and 
ruggedly  constructed.  It  provides 
standard  plane-to-ground  communi- 
cation, radio  range,  weather  broad- 


cast, and  standard  broadcast  re- 
ception, as  well  as  interphone 
communication  between  pilot  and 
passengers.  A radio  range  filter  is 
incorporated  into  the  receiver.  The 
range  signal  can  be  eliminated  by 
merely  flicking  a toggle  switch  (lo- 
cated in  the  front  panel'  of  the 
receiver)  to  permit  reception  of 
voice  only. 


CYCLOMETER  COUNTER? 

Count  shaft  rotations— facilitate 
making  pre-determined  settings 

B & W Cyclometer  Counter  assemblies  are 
useful  wherever  a shaft  must  be  turned  a 
pre-determined  number  of  times,  or  set  at 
any  exact  pre-determined  position.  Exact 
settings  to  tenths  of  a turn  are  automatically 
recorded.  Write  for  Cyclometer  Bulletin. 


Newly  Designed  Radio 
Receiver 

To  PROVIDE  EASIER  accessibility  of 
parts  for  servicing  and  mainte- 
nance of  radio  receivers,  the  Na- 
tional Radio  Company  of  Malden, 
Mass.,  has  completely  redesigned  its 
radio  receivers.  Lock  ban  as, 
shown  in  the  accompanying  i us 
tration  at  either  side  of  the  set, 
immediately  release  (by  the  flic  0 


. • «rr.^nrts  give  a thought  to  versatile  glass.  We 

_S  YOU  plan  post-war  electronic  products,  g 7S  000  different  glass  formulae 

A »*■»  glasses. for Coming y S!  L„  ,gow 

from  which  to  select  those  especially  suite  to  your  * _ Corning  Research  can 

what  glass  can  do  for  you.  We  may  aUc>  y ' •**  * E,ectronic  Sales  Dept.,  E-U,  Bulb 
find  the  answer  for  you.  Phone  Corning  York  We’ll  have  a man  on 

and  Tubing  Division,  Corning  Glass  Works,  Corning,  New  York.  W 

the  job  promptly.  


Electronic  Glassware 


Research  in  filass 


••PYREX”,  ••VYCOR" 


and  “GORJ'nNG”  are  registered 
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trade-marks  and  manufacture  by  Corn mg  Giaet 
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Works,  Coming.  N.  Y. 


WHAT  WILL  YOU  NEED  TO  PRODUCE  BETTER 
POST-WAR  PRODUCTS  ? CORNING 


Special  Electrical  Qualities 
Thermal  Endurance 
Hermetic  Sealing 
Mechanical  Strength 
Corrosion  Resistance 
Precision 
Permanence 
Metallizing 
Dimensional  Stability 

High  dielectric  strength  — high  resis- 
tivity—low  power  factor — wide  range 
of  dielectric  constants — low  losses  at 
all  frequencies. 

Permanent  hermetic  seals  against  gas, 
oil  and  water  readily  made  between 
glass  and  metal  or  glass  and  glass. 

Commercial  fabrication  to  the  fine 
tolerances  of  precision  metal  working. 
Coming's  metallizing  process  produces 
metal  areas  of  fixed  and  exact  specifi- 
nprmanentlv  bonded  to  glass. 


Concentrating  on  electrical 
performance , Andrew  engi- 
neers have  designed  a unique 
Folded  Unipole  Antenna 
which— according  to  compar- 
ative tests— easily  outper- 
forms other  antennas  at  sev- 
eral times  the  price. 

Used  for  transmitting  and 
receiving  at  frequencies  from 
30  to  40  MC  and  for  powers 
up  to  5,000  watts,  this  an- 
tenna has  proved  so  success- 
ful that  similar  models  for 
higher  frequencies  are  now 
being  designed. 


of  ANDREW 
Engineering 


FEATURES: 

• Light  weight  — only  15  pounds  — simplifies  installOTron. 

• Lightning  hazard  minimized  by  grounded  vertical  element. 

• “Slide  trombone"  calibration  permits  exact  adjustment  for  any  frequency  be- 
tween 30  and  40  MC,  using  only  o wrench.  Optimum  performance  for  that 
frequency  is  guaranteed  without  “cut  and  try"  methods. 

• Proper  termination  of  coaxial  transmission  line.  Unlike  other  "70-ohm"  anten- 
nas, the  Folded  Unipole  actually  provides  a non-reactive  impedance  with  o 
resistive  component  varying  between  62  and  75  ohms  (see  lower  curve). 

• Excellent  band  width,  ideal  for  FM  (see  upper  curve). 


Andrew  Co.  specializes  in  the  solution  of  antenna  problems.  For  design- 
ing. engineering  and  building  of  antenna  equipment,  consult  Andrew  Co. 


ANDREW  CO. 

363  EAST  75th  ST.,  CHICAGO  19,  ILL. 
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set  can  be  tilted  into  three  difTeresu 
positions  so  that  all  components! 
can  be  reached  easily.  The  mam 
facturer  states  that  the  mechanii 
features  could  be  readily  adapts 
to  commercial  models,  includii 
wall-flush  home  sets.  The  new  ty| 
receiver  will  be  installed  at» 
fleet  units  and  at  shore  stations. 


Coils 

The  Bittermann  Electric  Co., 
Henry  St.,  Brooklyn,  N.  Y. 
bank-winding  process  to  produce  i 
quantity  coils  of  high  induct! 
and  low  distributed  capacity 
for  radar  receivers.  In  the  i 
panying  illustration,  the  upper  < 
is  No.  24  DCE  wound  on 
in.  Phenolite  XXR  tubing,  each  ] 
having  46  turns  and  an  induct! 
value  of  38  /ih,  with  a total  of  380 
nh  for  the  9 pies  and  a distributi 
capacitance  of  2.8  pgf  at  a fit 
quency  of  24  me.  Bank-wound  < 
are  also  made  with  iron-dust  i 
or  square  tubing  to  be  used 


I V 


conjunction  with  Hipersil  cores. 
The  small  coil  (lower  right)  is  No. 
32  SCE  wound  on  1 in.  iron  dus 
core,  146  turns;  the  inductance  a 
690  ph  with  a 0 of  92  at  160  B- 
with  an  impedance  of  over  2, 
ohms  at  30  me.  Winding  is  * 1 ■ 
diameter  by  i'«  in.  long.  n0 
type  of  coil  produced  is  one  woun 
with  taps  without  cutting  the  wi 
or  leaving  space  between  the  win 
ings.  The  method  used  here  « 
bring  the  wire  up  in  tight  oo  ■ ■ 
retaining  full  size  and  con  in“ 
the  winding  of  the  coil.  The  i ^ 
lation  is  stripped  and  No. 
stranded  tinned  leads  are  so 
to  the  loops.  Wire  sizes  used I 
from  20  enameled  to  14  single  gl 
covered. 
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TYPE  P-150 

Thi»  production 
Iron  provides  a 
large  reserve  of 
heat 

temperotur 
for  sustained 
iProduction. 


HEXACON  ELECTRIC  CO. 

130  W.  CLAY  AVENUE,  ROSELLE  PARK.  N.  I. 


Follow  the  leaders  — and  you'll  use 
HEXACON  ! For  rugged,  heavy  duty  work 
or  for  light,  intricate  work...  for  continuous 
production  or  hard-to-get  at  work ...  here's 
the  answer.  One  reason  is  "Balanced  Heat"  — 
dissipating  excessive  element-imparing  heat  — and 
minimizing  element  burn-outs  and  tip  replacements. 
Another,  is  their  light  weight,  efficiency  ond  depend- 
ability. 

LITERATURE  AVAILABLE— The  complete  HEXACON  line 
of  screw  tip  and  plug  tip  irons  from  40  to  700  watts, 
ond  with  tip  diameters  ranging  from  it"  to  IV',  is  fully 
illustrated  and  described.  Write  today;  no  obligation. 
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Microphone  Floor  Stand 

Type  A-63  microphone  floor  stand 
is  being  produced  by  Universal  Mi- 
crophone Co.,  Inglewood,  Calif,  for 
use  with  any  microphone  that  has 
a 1-27  thread.  The  unit  uses  three 
upright  sections.  It  comes  supplied 
with  knurled  adjustment  collars, 
is  satin  chrome  plated,  and  its  base 


is  of  cast  iron  with  black  wrinkle  ' 
finish.  Range  of  the  adjustable 
height  is  from  26  to  64  in.  It  can 
be  used  as  a table  or  floor  stand. 
The  base  weighs  7 lb;  total  ship- 
ping weight  is  10  lb.  Base  and 
stand  are  packaged  separately.  The 
unit  is  priced  at  $12.50. 


Silicone  Varnish 

DC-993  Silicone  insulation  for 
higher  operating  temperatures  or 
extremely  severe  service  conditions 
was  announced  in  the  literature 
column  of  June  Electronics,  and 
now  Dow  Corning  Corporation 
(Midland,  Mich.)  announces  type 
DC-996  insulation  which  cures  at 
300  F.  DC-996  is  a new  heat-stable, 
waterproof  varnish  for  impregnat- 
ing electrical  equipment  to  obtain 
good  thermal  stability,  protection 
against  failure  due  to  sustained 
overloads,  higher  operating  temper- 
atures, and  protection  against  ex- 
cessive moisture  even  after  pro- 
longed exposure  to  elevated  temper- 
atures. Another  advantage  claimed 
for  this  new  silicone  varnish  is  that 
electrical  equipment  can  be  bake 
fully  assembled  without  damaging 
the  commutators  or  the  slip  rings- 
The  temperature  required  to  cure 
DC-996  does  not  affect  shellac- 
bonded  mica  or  core  plating.  C"ar^ 
acteristics  of  the  varnish  are  *- 
follows:  Electrical  pwpej"'* 

(measured  on  coated  panels  * 
and  50  percent  relative  humidity 
dielectric  strength,  volts  per 
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How  "Economy"  makes  better  plug 
fuses  faster  with  Lepel  Induction  Heating 


THE  OLD 
WAY 


FUSING 

ELEMENT 

THE  LEPEL 
WAY 


FUSING 

ELEMENT 


When  the  progressive  management  of  Economy 
Fuse  & Manufacturing  Company  wanted  to  im- 
prove the  quality  of  its  plug  fuses,  it  was  natural 
to  turn  to  Lepel  High  Frequency  Induction 
Heating,  the  modern  metal  joining  method  that 
is  contributing  so  much  to  product  improvement 
and  production  efficiency. 

Formerly,  the  zinc  fusing  element  was  labori- 
ously soldered  to  the  brass  screw  shell  by  hand. 
This  produced  a shallow  edge  union  and  worker 
efficiency  was  impaired  by  heat  and  fumes  from 
the  battery  of  soldering  irons. 

Today,  the  fuse  assemblies  with  solder 
wedges  manually  “tucked  in”  between  fusing 
element  and  screw  shell  are  placed  in  a jig 
(solder  facing  upward)  and  conveyed  through 
the  area  of  a high  frequency  work  coil  operated 
from  a Lepel  Unit  The  solder  melts  instantly 
and,  with  the  assembly  tilted  slightly,  flows  by 
gravity,  completely  filling  the  element  channel 
and  establishing  a firm,  recessed  bond  between 
the  parts  that  insures  utmost  dependability. 


Soldering  is  performed  so  fast  that  twelve 
girls  are  kept  busy  “tucking  in”  solder  wedges. 

This  is  one  of  scores  of  metal  joining  jobs 
Lepel  Induction  Heating  is  doing  faster,  better, 
more  economically  with  soldering  and  brazing 
alloys  of  any  melting  point. 

Metals  of  any  analysis  — ferrous  or  non- 
ferrous— and  in  any  form,  can  be  joined  quickly 
by  the  controlled,  measured  heat  generated  by 
the  Lepel  Unit,  producing  quality  results  never 
before  obtained  by  other  metal  joining  methods. 

By  assembling  parts  with  joint  surfaces  pre- 
fluxed and  solder  or  brazing  alloy  pre-placed,  it 
is  possible  to  produce  parts  heretofore  consid- 
ered impractical  to  make  by  metal  joining. 

The  simple,  compact,  dependable  Lepel  Unit 
requires  no  special  operating  skill  and  can  also 
be  used  without  alteration  for  localized  harden- 
ing, annealing,  stress  relieving  or  melting. 

If  you  have  a metal  joining  or  heat  treating 
problem,  a Lepel  field  engineer  will  be  glad  to 
study  it  and  offer  suggestions  for  solving  it  by 
this  modern  heating  method.  Just  write 


LEPEL  HIGH  FREQUENCY  LABORATORIES,  INC. 

PIONEERS  IN  INDUCTION  HEATING 

General  Offices:  39  West  60th  Street,  New  York  23,  N.  Y. 


P 


Lepel  Units  are  now  available  without  priority 

MUiriii  ■ y BY  LEPEL  INDUCTION  HEATING 

DO  IT  FASTER,  BETTER,  MORE  ECONOMICALL  ^ 
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N EW  VACUUM  TUBE 

FR£ 


Model  39-VTF,  Seriea 
A,  showing  simplicity 
and  portability. 


. . . FOR  FREQUENCIES  IN  !£E  aCLE  BANDS 


2400 

3600 


MODEL  39-VTF,  Series  A,  a new  devel- 
opment oi  I-B-T  engineers*  measures  fre- 
quencies in  six  specific  bands  with 
accuracy  of  db  0.25%  of  the  frequency 
being  measured,  and  with  sufficient 
amplitude  to  be  easily  read. 

Vacuum  tube  multivibrator  circuits  di- 
vide the  incoming  frequency  by  1, 2, 3, 4, 
6 or  9,  depending  on  the  position  of  the 
multiplier  switch,  and  show  the  result 
on  the  time-tested,  standard  400  cycle 
meter. 

Regular  line  current  is  used  for  power 
supply,  permitting  an  input  sensitivity 
of  500,000  ohms.  Response  is  not  affected 
by  irregular  wave  form,  nor  by  harmonic 
content  of  unknown  frequencies  of  less 
than  10%  or  15%  . . . and  input  control 
permits  use  from  100  to  350  volts. 

The  result  is  an  instrument  of  high  accu- 
racy and  high  stability  with  permanent 
calibration  . . . especially  useful  for 
checking  audio  oscillators,  frequency 
converters,  radar  equipment,  and  for 
standardising  less  accurate  frequency 
measuring  units. 


Shock.  ~Th*it  Points 

•EXTREME  ACCURACY 
...within  ± 0.25%  of  frequency 
being  measured. 

• PERMANENT  ACCURACY 
, . . no  further  calibration  or 
standardisation  required  at  any 
time. 

• STABILITY ..  .no  temperature 
drift  after  initial  30  second 
warm-up. 

• BURN-OUT  PROOF  ...  no  - 
protection  needed  against  acci- 
dental above-range  frequencies. 

• SENSITIVITY  . . . 500.000 

nlims 


* SIMPLICITY...  usee  standard 
tubes. 

• POSITIVE  SWITCHING.  .. 
built-in  switch  is  J-B-T*s  own 
rugged,  coin-silver  plated  in- 
strument switch,  as  supplied  for 
high  quality  testers. 


A/aur  Gooklat . ..  just  off 
press,  illustrates  other  types  oi 
J-B-T  Vibrating  Reed 
Frequency  Meters. 

Ask  for  Bulletin 
VF-43-1C. 


asr 


Manufactured  under  J-B-T  and/or  Triplett  Patents  and  Patents  Pending 


ll-JBT-3 


J-B-T  INSTRUMENTS,  INC. 
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431  CHAPEL  STREET  • NEW  HAVEN  ft,  CONN. 


1500  to  2000 ; dielectric  constant,  at 
1000  cycles  3.0;  power  factor,  at 
1000  cycles  0.7  percent.  Physical 
properties:  Solid  content  (dried  3 
hr  at  135  C)  60  percent  by  weight; 
density  1.05  at  25  C;  weight  per 
gallon  8.75  lb;  viscosity  at  25  C, 
2 to  5 poises;  drying  time  to  tack- 
free  condition  at  150  C,  1 to  4 hr. 


New  Loudspeaker  Design 


I 


Postwar  features  of  loudspeakers 
manufactured  by  Quam-Nichols  Co. 
33rd  Place  & Cottage  Grove  Ave., 
Chicago,  111.,  incorporate  a patented 
feature  called  the  "adjust-a-cone". 
The  spider  of  the  loudspeaker  if 
kept  in  position  with  a pressure  or 


clamping  ring  that  is  in  turn  held 
down  by  two  machine  screws.  By 
loosening  the  screws  holding  the 
pressure  ring,  a small  lateral  move- 
ment of  the  spider  is  permitted  by 
which  the  voice  coil  can  be  re-cen- 
tered  concentrically  around  the 
pole-piece  and  within  the  gap. 


Vacuum  Oil-Impregnated 
Transformers 

TO  EFFECT  SUBSTANTIAL  space  Md 
weight  savings  in  transformers  for 
airborne  applications,  the  Amen 
can  Transformer  Company  ( 
Emmet  St.,  Newark  5,  N.  !■) 
introduced  Amertran  hermeti 
sealed  transformers  which  are  vac 
uum  oil-impregnated.  They  3 
this  new  process  also  increases 
dielectric  strength  of  the  insu  * in 
medium  and  reduces  corona  eftec^ 
To  compensate  for  pressure  chan 
and  make  possible  complete  Bill' 

the  transformer-enclosing  case 

redesigned.  The  new  case  ij*00 
rates  a bellows.  Part  of  ® 
process  includes  a combination 
heat  to  230  F and  an  absolute  pres 
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THE  FORMICA  INSULATION  CO. 

4661  SPRING  GROVE  AVENUE 
CINCINNATI  3 2,  OH  O 


• In  his  persistent  struggle  up  the  heights  to  bet- 
ter performance  and  better  quality  in  the  electri- 
cal devices  he  designs  the  electronic  engineer  is 
now  given  vitally  important  assistance  by  Formica- 

Recent  Formica  research  in  adapting  new  resins 
and  glass  fibre  and  glass  mat  materials  to  lami- 
nated insulation  has  produced  some  spectacular 
improvements  in  the  behavior  of  insulation. 

There  are  many  types  of  these  new  grades  — 
each  developed  to  emphasize  a particular  qual- 
ity. Among  the  advantages  offered  by  some  ol 
them:  very  much  greater  strength  to  resist  me- 
chanical stress.  High  frequency  insulating  effici- 
ency comparable  with  ceramics.  Higher  heat  re- 
sistance. Better  resistance  to  arching.  Stability  of 
dimensions  and  electrical  qualities  under  high 
humidity.  Fungus  resistance  because  of  absence 
of  cellulose. 

Ask  about  new  grades  Mf-GG,  FF-55,  FF-10,  FF-41. 
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PIONEERING  in  the  highly  specialized  field  of 
engineered  vibration  and  noise  control,  the 
HarrJs  Products  Company  created  and  designed 
the  widely  used  Torflex  Flexible  Bearings. 


Tor/lex  Flexible  Bearings  consist  of  a tube  or  ring  of 
rubber  stretched  longitudinally  between  two  con- 
centric metal  sleeves  which  prevent  the  rubber 
from  returning  to  its  original  state.  The  pressure 
exerted  by  the  rubber  on  the  metal  sleeves  insures 
a high  capacity  mechanical  bond  between  the  rubber 
and  metal  under  all  operating  conditions. 


Torflex  Flexible  Bearings  come  in  a wide  range  of 
sizes,  consequently  they  have  many  applications  in 
various  fields.  They  control  and  eliminate  vibration 
up  to  90  percent,  increase  performance  and  effi- 
ciency of  equipment  and  greatly  prolong  its  useful  life. 


If  yours  is  a problem  involving  vibration  and  noise 


'RODUCTS  COMPANY 

CLEVELAND  4,  OHIO 

sncbss:  44  Whitehall  St,,  New  York  • General  Motors  BMg.,  Detroit,  Mick. 


sure  of  1 mm  of  mercury  to  rid 
the  transformer  oil  of  volatiles,  air; 
and  moisture.  The  oil  is  filtered  I 
remove  sludge  and  foreign  matl 
The  transformers  themselves  aif 
subjected  to  this  combination  ojj 
heat  and  vacuum  for  five  hours  th 
effect  thorough  dehydration.  In  ad- 
dition to  vacuum  oil  impregnation, 
the  core  and  coil  receive  the  vac- 
uum  varnish  treatment.  All  units 
are  tested  under  vacuum  to  detect 
the  slighte&t-possibility  of  leakage. 


Constant-Speed  D-C  Motor  | f 

Small  enough  to  be  held  in  the  i 
palm  of  the  hand,  a new  constant- 
speed  d-c  motor  maintains  a con- 
stant set  speed  regardless  of  vari- 
ations in  voltage.  It  is  self-start- 
ing and  builds  up  full  speed  almost 


instantly.  Current  consumption  i« 
rated  from  0.6  to  1 w,  and  shaft 
speeds  may  be  geared  from  1 revo- 
lution every  24  hr  up  to  600  rpm. 
Motors  are  available  for  use  at  11, 
3,  6,  12,  24,  32  or  110  volts.  Amgio 
Corp.,  4234  Lincoln  Ave.,  Chicago, 
111. 

Direct-Reading 
Insulation  Tester 

This  new  instrument,  known  “ 
Model  799,  is  an  extremely  sensitive 
direct-reading  insulation 
ing  device  for  applications  wh 
high  testing  potentials  are  no  *■ 
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1.  It  provides  a single  ramp- 
ings from  0.1  megohm  to  Mr 
megohm,  with  the 
percent  of  the  scale  length, 
dding  good  readability, 
lit  has  a test  potential  of 
i 50  volts  d-c.  An  electncal 
rd  circuit  is  provided  for  el®- 
ion  of  surface  leakages  whw 
ing  cables.  All  exposed  P 
TUnrAurrViiu  insulated  fo^  . 


1 
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in  PORTER  operations 


When  you  require  sheet  metal  work  — in  any 
metal  — and  PRECISION  to  close  tolerances  is 
a must  . . . Porter  has  the  experience  and  equip- 
ment to  meet  your  needs  to  your  complete 
satisfaction. 

The  skilled  technicians  and  engineers  of  our 
thoroughly  modern  factory  stand  ready  to  e p 
you  work  out  money-saving  and  time-saving 
changes  in  design.  Also,  our  large  stock  of  avail- 
able dies  often  helps  speed  up  production  while 
reducing  manufacturing  costs. 

METAL  BOXES  * CASES  * CABINETS  * 
CHASSIS  * ODD-SHAPED  FLAT  PIECES 
* STRIPS  * PANELS  * HOUSINGS  ETC. 


METAL 

PRODUCTS 

COMPANY 


121  INGRAHAM  ST.  BROOKLYN,  N.  Y. 


' 

I 

. 

I 


ELECTRONICS  — Novembtr  194S 


27? 


Digitized  by 


Google 


4 reasons  why 


Photo  Courtesy  of  Cro*lcy  Radio  Corporation 


♦ 

♦ 


KESTER  CORED  SOLDERS 

Are  Industry's  Standard 

Kester  Cored  Solders  are  scientifically  compounded  to 
form  clean,  tight  solder-bonds  that  hold  permanently 
against  shock,  vibration,  bending,  and  the  contraction 
and  expansion  of  temperature  extremes. 

Kester  Cored  Solders  are  applied  in  one  simple  operation. 
Virtually  mistake-proof  and  trouble-free  because  the 
flux-filled  core  is  perfectly  balanced  with  superior  alloys 
— and  in  the  right  combinations  for  every  type  of  solder- 
ing. 

Kester  Cored  Solders  are  of  the  highest  quality  and 
unvanring  uniformity — the  result  of  Kester's  46  years  of 
practical  experience  and  intensive  research. 


Kester  Rosin-Core  Solder,  for  electrical  connections,  and 
Kester  Acid-Core  Solder,  for  general'  work,  are  both 
available  in  a wide  range  of  strand  and  core  sizes.  The 
correct  solder,  always,  for  any  soldering  job. 

Feel  free  to  call  on  Kester  engineers  at  any  time  for  help 
in  solving  your  solder  problems.  There  is  no  obligation! 


★ BUY  VICTORY  BONDS  * 


KESTER  SOLDER  COMPANY 
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switch  automatically  disconnects  ] 
the  battery  circuit  when  the  instal- 
ment is  not  in  use.  Ferrules  in  the  | 
panel  permit  attachment  to  a line- 
man’s belt  or  shoulder  strap.  The 
unit  measures  51  x 31  x 4i  in.  aid 
is  manufactured  by  Weston  Electri-  | 
cal  Instrument  Corp.,  617  Freling- 
huysen  Ave.,  Newark  5,  N.  J. 


Tank  Capacitor 

Illustrated  is  a large  tank  capaci- 
tor which  was  especially  designed 
for  a transoceanic  transmitter.  Its 
features  are  its  space-saving  de- 
sign; the  ability  to  operate  under 
exacting  circumstances  with  the 


capacitance  of  much  larger  capacr-  I 
tors;  and  its  low  cost,  which  Is  W ! 
percent  less  than  the  type  of  capaci- 
tor it  was  built  to  replace.  Cor 


Portable  Power  Supply 

Federal  Telephone  & Radio  Corp- 
Newark  1,  N.  J.  has  immediately 
available  a portable  d-c  P°w®r_*^ 
ply  unit  (designated  as  FTR 
S),  weighing  only  fifty  Pound®’ 
which  is  convenient  for  labors 
and  experimental  work,  or  for  P“ 
lie  address  systems-  It  can  be  u 
as  a conversion  unit  in  opera 
magnetic  chucks,  brakes,  an 

.M5-ELECTR0N.CS 
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Western  Metals  Have  It 


One  of  the  world’s  most  successful 
manufacturers  of  control  instruments 
requires  a great  variety  of  springs. 
Each,  of  course,  must  be  uniform  and 
precise  in  its  functioning. 

After  many  rigid  tests,  this  manufac- 
turer selected  Western  Super-X  phos- 
phor bronze  and  nickel  silver  to  insure 
faithful  functioning  of  his  instruments. 


These  metals  are  especially  treated  to 
incorporate  extraordinary  ductility  in 
combination  with  excellent  spring 
properties. 

Western  Mills  at  East  Alton,  111.,  and 
New  Haven,  Conn.,  are  strategically 
located  to  supply  users  of  copper-base 
alloys.  We  will  welcome  your  inquiry 
regarding  "tailor-made”  metals. 


Western  Brass  Mills 

Division  of  Oun  Industries,  Inc 

East  Alton , Illinois 


BRASS  • BRONZE  • PHOSPHOR  BRONZE  • NICKEL  SILVER  • COPPER 

ELECTRONICS  — Novmbtr  IMS 

Digitized  by  It. 


283 


For  more  than  10  years 

we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe- 
cialists as  well.  Consult  us  on  your  “crystal 
problems”. 


PETERSEN  RADIO  CO 

Council  Bluffs,  Iowa 

CRYSTALS  EXCLUSIVELY  SINCE  I! 34 


similar  activities,  or  as  a means 
for  testing  electrical  apparatus. 
The  unit  operates  from  any  115  or 
230-v  a-c  outlet,  and  supplies  from 
5 to  10-v  d-c  power.  The  power 
supply  is  flexible;  high  or  low  volt- 
age is  available  at  the  flip  of  a 
switch.  Either  output  is  adjust- 
able by  means  of  a 12-point  pri- 
mary tap  switch.  Federal’s  selen- 
ium rectifiers  are  used  in  units 
which  are  rated  as  follows:  a-c  in- 
put: 115  or  230  volts,  60  or  60 
cycles,  single  phase;  d-c  output:  6 
volts,  24  amp  or  10  volts,  12  amp, 
resistive  or  inductive.  Dimensions 
are:  height  161  in.,  width  10  in., 
depth  11  in. 

Magnetic  Relays 

R-B-M  Manufacturing  Co.,  Lo- 
gansport,  Ind.,  announces  a new 
and  improved  line  of  single  and 
double-pole  a-c  and  d-c  magnetic 
relays  for  industrial  and  electronic 
applications.  Ratings  are:  10  amp 
at  24-v  d-c  and  110-v  a-c;  5 amp  at 
220-v  a-c;  1 hp  single-phase  110 
and  220-v  a-c.  Contact  arrange- 
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ments  are  normally  open,  normally 
closed,  stnd  double  throw,  silver  to 
silver.  The  armatures  are  self- 
aligning.  All  wiring  terminals 
(either  screw  or  solder)  are  easily 
accessible  from  the  front.  For  com- 
plete interchangeability  in  mount- 
ing, both  the  a-c  and  d-c  relays  have 
identical  bases.  Relays  may 
mounted  from  front  or  rear.  Bulle- 
tin No.  510  describes  the  d-c  re- 
lays, and  bulletin  No.  550  describes 
a-c  relays. 


Complete  Airport 
Radio  Station 

A COMPLETE  AIRPORT  radio  station. 
Type  RS-1  50-w  unit,  is  offered  » 
Aireon  Manufacturing  Corp., 
sas  City,  Kan.  This  station 
tains  all  necessary  equipment 
the  exception  of  antenna  supp° 
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Upside  down  and  sideways -and  this  transformer  puts  in  overtime! 


This  is  just  one  more  reason  why  Thermadors  are  known 
as  America’s  quality  transformers. 

There  is  a machine  called  a Shaker.  It  goes  up  and  down 
while  it  rotates.  The  motion  varies  from  a gentle  rhumba  to 
an  earthquake  of  cataclysmic  proportions.  In  10  minutes 
an  ordinary  transformer  sails  off  into  the  steel  mesh  net. 

At  AireonManufacturingCorporation’s  Kansas  City  plant 
they  bolted  a Thermador  transformer  to  the  shake-bed  of 
this  machine.  They  turned  the  shaker  on  for  an  hour— then 
they  left  it  going  overnight,  unbolted  the  Thermador  trans- 
former, connected  it  to  the  test  line.  The  needle  showed  not 
an  nth  of  variation. 

Why  this  incredible  performance?  Just  this.  Trans- 
formers were  formerly  mounted  to  the  cover  of  their  cases. 
Thermador  developed  a strong  stamped  bracket  from  strip 
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steel  and  projection-welded  it  to  the  case  body -indepen- 
dent of  terminal  boards  or  covers.  As  a result,  Thermador 
transformers  can  be  mounted  in  any  position-up  and  down 
and  sideways-and  take  the  worst  beating  you  can  give  them. 

THERMADOR  ELECTRICAL  MANUFACTURING  COMPANY 
5119  SOUTH  RIVERSIDE  DRIVE  • LOS  ANGELES  22.  CALIF. 


Thermador 

Transformers 

DEFEAT  COLD  • HEAT  • HUMIDITY 
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The  Arnold  Engineering  Company 

147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 

Specialists  in  the  Manufacture  of  ALNICO  PERMANENT  MAGNETS 


A complete, 
24  page 
Illustrated 
Manual 


WRITE  TODAY, 

on  your  letterhead, 
for  your  free  copy. 


This  unusual  Arnold  manual  on  permanent  magnets  is  the  product  of 
many  months  of  careful  research  and  planning. 

It  is  devoted  entirely  to  the  consideration  of  the  factors  affecting 
the  design,  fabrication  and  application  of  Alnico  permanent  magnets. 
Written  entirely  by  Arnold  engineers,  its  purpose  is  to  help  engineers 
in  industry  to  better  utilize  the  magnetic  and  physical  characteristics 
of  the  Alnico  alloys  in  arriving  at  efficient  design.. 

Write  today,  on  your  letterhead,  for  your  free  copy. 
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THIS  NEW 
MIGHTY  MIDGET 


No.  482 


i!#> 


No.  4)2 


has  changed  the  lives 
of  this  whole  family  of 
“MINI-MAX”  BATTERIES 


No.  467 


The  four  batteries  shown  above  are  approximately  Vi  of  actual  size 


Ev 


A itvEN  before  Pearl  Harbor,  battery  construction  prin- 
f jciples  developed  by  National  Carbon  Company  were  making 
possible  new  strides  in  portable  radio  and  electronic  equip- 
ment. Then  came  the  war.  The  company  was  called  upon  to 
develop  even  more  radical  improvements  in  battery  construc- 
tion to  meet  the  needs  of  light  and  extremely  portable  mili- 
tary communications  of  all  types,  and  so  the  tiny  22*  2 volt 
“Eveready”  “Mini-Max”  “B”  battery  was  born  — a battery 
Well  under  half  the  size  of  anything  of  comparable  voltage - 
easy  to  carry  as  a match  box! 

This  is  what  this  new,  improved  battery  construction 
means.  It  means  a brand  new  line  of  portable  radio  equip- 
ment-equipment that  will  give  the  idea  of  the  “personal 
radio”  an  entirely  new  meaning.  It  makes  possible  radio  sets 
|for  individual  use— sets  so  small  that  they  can  be  slipped  into 
the  pocket  of  a vest,  or  carried  in  a woman’s  handbag.  Porta- 
ble radio  business  will  not  merely  pick  up  where  it  left  off 
December  7,  1941.  It  will  be  years  ahead  of  itself. 

Engineers  and  designers  are  already  aware  of  the  possi- 
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bilities  of  this  new  battery.  They  are  already  at  work  on 
new  radio  and  electronic  devices  which  exploit  its  portabil- 
ity. And  at  this  time  may  we  invite  all  these  creative  men 
to  avail  themselves  of  our  experience,  our  laboratories  and 
to  consult  with  our  engineers.  National  Carbon  Company, 
Inc.  extends  to  you  complete  cooperation. 

The  word.  ''Eveready"  and  “Mini-Max”  are  registered  trade-mark, 
of  National  Carbon  Company,  Inc. 


Now  that  radio  batteries  are  back  again,  National  Carbon 
Company  is  offering  an  extremely  useful  new  Portable 
Radio  Battery  Replacement  Guide.  Write  for  your  copy 
today  to  our  nearest  Division  Office  listed  below. 


NATIONAL  CARBON  COMPANY,  INC. 

Unit  of  Union  Carbide  and  Carbon  Corporation 

General  Offices:  New  York,  N.  Y. 

C, Vision  Sale.  Offices  Atlanta.  Chicago  Dallas  Kansas  City,  New  York, 
Pittsburgh,  San  Francisco. 
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When  you  want  action — remote  control,  automatic  or  non- 
automatic, it  will  pay  you  to  use  Alliance  Power  Pact  MOTORS. 
Not  only  in  finished  products,  but  as  a flexible  power  source 
in  your  own  industrial  processes,  these  miniature  power  units 
really  bring  your  product  to  life. 

Here  are  just  a few  of  the  ways  that  Alliance  motors  can  add 
to  the  usefulness  of  any  machine,  device  or  control.  Of  course 
there  are  many  more! 


Colored  Microphones  « 

The  Turner  Co.,  Cedar  Rapids,  i 
Iowa,  is  introducing  a new  line  of  j 
microphones,  called  “Colortonts," 
made  in  richly-colored  plastic  Sn-I) 
ishes.  The  material  used  in  the! 
new  mikes  is  tough,  resilient  cellu- 1 
lose  acetate.  These  plastic  castings  ■ 
can  be  produced  in  a wide  variety1. 


of  solid  colors  and  pastels,  mottles 
and  striated  effects.  Although  pri- 
mary emphasis  has  been  placed  on 
outward  appearances  of  the  new 
models,  research  has  gone  into  their  j 
interiors.  Materials  and  techniques 
discovered  during  wartime  are  in- 
corporated into  the  circuits  of  both 
the  dynamic  and  crystal  units. 


Soldering  Iron 

The  Baker  Electronic  Manufactur- 
ing Co.,  3017  Lyndale  Ave.,  South 
Minneapolis,  Minn.,  announce  » 
new  gun-type  soldering  iron  wr 
industrial  use.  Two  models  avail- 
able include  No.  SF-100  for  Sue 


Electronic  and  oloctric  controls,  Amo,  temperature,  pres- 
sure and  humidity  controls,  coin  operated  phonographs, 
drink  and  merchandise  dispensers,  fans,  valves  and 
blowers,  door  openers,  signals,  motion  displays,  movie 
projectors  and  scores  of  industrial  applications. 


WHEN  YOU  DESIGN-KEEP 
I ^ IN  MIND 

ALLIANCE  MANUFACTURING  CO.  e ALLIANCE;  OHIO 
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md  general  soldering  and  N*  # 
150  for  heavy-duty  work,  re 
>f  these  irons  include  trigger 
;rol,  instantaneous  heating  an 
•ration  from  a 110-v  transferor 
>r  directly  from  any  standard 
tr  truck  storage  battery. 
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Type  893-A  illustrated  is 
rated  for  20  KW  anode 
dissipation  and  maximum 
power  output  of  50  KW. 
Write  for  engineering 
information  bulletins  on 
UNITED  external  anode 
tubes. 


Masterpiece  of  Skilled  Hands 


ER  COOLED  TUBES 


rogress  of  United  Electronics 
een  characterized  over  the 
s,  by  the  addition  of  new 
in  the  higher  power 
jories.  It  is  with  reason- 
jride  therefore  that 
announce  UNITED 
anode  tubes  in 
ater  cooled  and 
Viator  designs. 
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Ruggediiing:  A 
United  feature 
which  enables 
tubes  to  withstand 
terrific  shocks. 
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Follansbee 

SILICON  STEELS 


Waterproof  Jack  Cover 

THIS  JACK  cover  is  a simple  device 
which  completely  seals  electrical 
jacks  used  in  radio  and  electrical 
equipment  It  is  not  affected  by  ad- 
verse marine  or  climatic  conditions. 
In  the  accompanying  illustration 
the  hinged  seal-plug  is  shown 


closed;  when  open  a telephone-type 
plug  may  be  inserted  through  the 
jack  cover  into  the  jack  in  the  nor- 
mal manner.  No  special  holes  or 
tools  are  required  for  installation 
of  the  seal-plugs.  Seal-plugs  arc 
available  in  either  black  or  red 
color.  Waterproof  Electric  Co.,  72 
East  Verudgo  Ave.,  Burbank,  Calif. 


Follansbee  is  today  producing  Electrical 
Sheets  and  Strip  which  were  not  available 
a few  short  years'  ago.  If  your  wartime 
production  has  not  brought  you  into  con- 
tact with  these  silicon  steels,  then  make 
sure  your  new  products  are  not  unneces- 
sarily limited  by  failure  to  take  advantage 
of  them. 

Follansbee  Electrical  Sheets  and  Strip  are 
made  to  the  high  standards  in  keeping 
with  its  tradition  of  generations  of  fine 
steel-making.  Exacting  specifications  are 
met  with  a precision  which  minimizes  your 
production  difficulties. 


X-Ray  Unit 

Illustrated  is  a complete  contact 
and  cavity  x-ray  unit  (Type  M-33) 
which  is  designed  especially  W 
x-radiation  of  body  surfaces  and 
cavities  in  treating  certain  15" 
eases.  The  internal  construction  oi 
the  tube  used  in  the  unit  is  suet 
that  it  provides  an  extremely  in- 
tense x-ray  beam  with  low  inhe 
filtration.  The  anode  produces  - 
diation  within  18  mm  of  the  »P- 
The  intensity  is  approximately 
1000  roentgens  per  minute  at  a 


You  are  invited  to  check  your  require- 
ments for  Electrical  Sheets  or  Strip  with 
Follansbee.  Inquire  through  the  General 
Offices  or  any  Sales  Office  or  Agency. 


FOLLANSBEE  STEEL  CORPORATION 

GENERAL  OFFICES  • PITTSBURGH  SO,  PA. 

Sales  Offices — New  York,  Philadelphia,  Rochester,  Cleveland,  Detroit,  Milwaukee. 
Sales  A tents — Chicago,  Indianapolis,  St.  Louis,  Kansas  City,  Nashville,  Houston, 
Loe  Angeles,  San  Francisco,  Seattle;  Toronto  and  Montreal,  Canada. 

Plants — Follansbee,  W.  Va.,  and  Toronto,  Ohio 


ALLOY  BLOOMS  B BILLETS,  SHEETS  B STRIP  • CLAD  METALS  • COLD  ROLLED  CARBON  SHEETS*  STRIP* 


POLISHED  BLUE  SHEETS  • ELECTRICAL  SHEETS  * STRIP  • SEAMLESS  TERNE  ROLL  ROOFING 
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jmplete  and  Comprehensive  » Mi 
of  Varnished  Tubings  • • • 1 erg  ° 

to  meet  every  known  need  ot 
ironic  industries. 

k For  Varnilshed  Tubings  that 

k ...that  will  resist  high  temj 

always  remain  flexible 
L (orythe  Varnished  Tubing  best 


,'t  fray,  burn  or  oxidize 
tures,  high  dielectric  an. 
check  with  Mitchell-Rc 
suited  to  your  n 


FIBERGLAS  inorganic 
VARNISHED  TUBINGS 

M-R  Fiberglas  Varnished  Tubings  are 
made  in  four  grades: 

Standard ; Double  Saturated ; Triple 
Strength  and  Impregnated. 

STANDARD  GRADE  has  maximum  flex- 
ibility, is  treated  with  a minimum  of 


varnish  and  recommended  for  high 
temperatures  where  dielectric  strength 

is  not  a factor. 

DOUBLE  SATURATED  has  all  qualities 
of  the  Standard  Grade  but  with  addi- 
tional coats  of  varnish  to  bring  the  di- 
electric rating  qp  to  1 500  volts. 

TRIPLE  STRENGTHS  built  up  with  coats 

of  especially  flexible  insulation  varnish 
for  dielectric  ratings  up  to  3,000  volts 


FREE  FOR  THE  ASKING! 

Write  today  for  your  Wall 
Chart  with  reference  tables, 
electrical  symbols,  allowable 
capacities  of  conductors,  di- 
electric averages,  thicknesses 
of  insulating  materials  and 
the  M-R  Wax  and  Com- 
pound Guide  Book  . . . they 
are  full  of  valuable  infor- 
mation . , • 


and  is  particularly  suited  where  assem- 
bly operations  include  the  possibility 

of  rough  handling 

IMPREGNATED  is  the  Optimum  in  Su- 
periority for  high  gloss,  non  • hydro- 
scopic, resistance  to  high  temperatures, 
oils,  acids,  etc  IMPREGNATED  has  a 
dielectric  rating  beyond  8,000  volts 
and  is  unequalled  for  Long  Life  Under 
Most  Severe  Conditions.  Write  For 
Samples. 


FOR  USERS  OF  COTTON  YARN 

VARNISHED  TUBINGS 

The  Mitchell  - Rand  MIRAC  and  HY- 
GRADE  Varnished  Tubings  of  long 
staple  fibre  yarn  are  comparable  to 
Fiberglas  Tubings  in  dielectric  ratings, 
tensile  strength,  flexibility  and  long 
life. 


mitchell-rand  INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK  7,  N. Y. 


Fib.rijlo,  Vurnish.d  Tap.  and  Cloth 
'"sulotmg  Papers  and  Twin*. 

° le  Filling  and  Potheod  Compounds 
Faction  Top.  and  Splice 
Transformer  Compounds 


A.  PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberglas  Braided  Sleeving 
Cotton  Tapes.  Webbings  and  Sleevings 
Impregnated  Varnish  Tubing 
Insulating  Varnishes  of  all  typ*s 


Fiberglas  Saturated  Sleeving  and  Varnished  Tubing 

Asbestos  Sleeving  and  Tape 

Extruded  Plastic  Tubing 

Varnished  Cambric  Cloth  and  Tape 

Mico  Plate.  Tape.  Paper.  Cloth  and  Tubing 
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The  urgent  demand,  in  peacetime  days,  by  the  aircraft 
and  radio  industries  for  a compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip, 
ment  for  the  armed  services. 

Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  On 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 


Depend  on  these  rugged  Pincor  quality-proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


DYNAMOTORS  • CONVERTERS 
GENERATORS 

POWER  PUNTS  • GEN-E-MOTORS 


PIONEER  GEN-E-MOTOR 

C O R P a R AT  ION 


5841-49  DICKENS  AVENUE 


CHICAGO  39.  ILLINOIS 


BUY  MORE  BONDS! 


Export  Office,  25  Warren  Street,  New  York  7,  U.S.A. 
Cable  Address:  Simontrice,  N.  Y. 
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The  entire  apparatus  (including 
the  tube  and  control)  is  constructed 
to  protect  the  operator  against  elec- 
trical shock  and  stray  radiation. 
The  tube  weighs  but  11  lb  so  that 
it  is  easy  to  manipulate.  Special 
cones  and  applicators  adapt  the 
equipment  to  a wide  range  of  ap- 
plications. . Controls  include  the 
main  switch,  adjustment  switch  for 
line  voltage,  voltmeter,  tube-fila-  j 
ment  control  and  milliammeter.  A ■ \ 
built-in  timer  with  a range  from  5 
sec  to  5 min  insures  accuracy  of 
treatment  time.  The  power  sup- 
ply unit  has  a rectifier  tube  and  a 
capacitor  to  supply  d-c  having  a 
low  percentage  of  ripple.  North 
American  Philips  Co.,  Inc.,  100 
East  42nd  St.,  New  York,  N.  Y. 


Selenium  Rectifiers 

A LINE  OF  SELENIUM  rectifiers, 
manufactured  by  Radio  Receptor 
Co.,  Inc.,  of  261  West  19th  St,  New 
York,  N.  Y.  utilize,  in  the  main, 
aluminum  in  place  of  iron  or  simi- 
lar metals.  The  units  are  hermet- 
ically sealed  to  assure  maximum 


I 


performance  under  all  extremes  of 
climatic  conditions.  The  new  me 
includes  units  ranging  from  t 
mils  up  to  capacities  of  hundre  ° 
amperes,  for  use  in  all  com 
tions  of  voltage  and  curren 
puts  and  for  various  types  o 
cuits. 


ck-Resistant  Ceramic 

STRIAL  ELECTRONIC  man^ 
s may  be  interested  m « ‘ 
nic  material  dcveioped  by 
Ceramics  and  Steati  e 
bey  N.  J.  This  material  wi 
Is  temperature  shocks  fr°® 

imately  1400  F to  the  temp 
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YOU  CAN’T  KEEP  A 
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Whether  he’s  Mr.  Big  of  Industry  or  plain 
Mr.  Homebody,  the  performance  of  your 
product’s  electrical  insulation  can  make  or  break 
his  good  will,  influence  your  future  sales.  Look 
at  all  the  hazards  of  faulty  or  insufficient  insula- 
tion. See  why  hundreds  of  manufacturers  are 
protecting  their  products  with  BH  Fiberglas 
Sleeving — the  insulation  that’s  way  ahead  in 
every  important  requirement,  thanks  to  the 
exclusive  BH  process. 

BH  Fiberglas  Sleeving  is  permanently  flex- 
ible and  non-fraying,  the  original  sleeving  to 
combine  these  qualities  with  heat  resistance  to 


1200°F.,  with  high  tensile  strength,  and  with 
resistance  to  moisture,  oil,  grease  and  most  chem- 
icals. It’s  easier  to  handle  and  install,  and  lasts 
longer  in  severest  service.  That’s  why  BH  Special 
Treated  Fiberglas  Sleeving,  for  instance,  does  a 
trouble-free  job  when  the  heat’s  on — why  Mr. 
Room  Heater  Customer  is  sold  for  good  when 
the  heater’s  BH-equipped. 

Whatever  your  product  may  be,  if  it  depends 
on  electrical  insulation,  you  can  count  on  one  of 
the  three  BH  Fiberglas  Sleevings  to  meet  your 
strictest  needs.  Send  for  free  BH  samples  today 
— test  them  yourself  — expect  surprising  results! 


BH  EXTRA  FLEXIBLE  FIBERGLAS  SLEEVING  • BH  SPECIAL  TREATED  FIBERGLAS  SLEEVING 
BEN-HAR  COATED  FIBERGLAS  SLEEVING 


PRODUCTS 


AtSO  SLOW-BURNING  IMPREGNATED  MAGNETO  TUBING  • SLOW-BURNING  FLEXIBLE 
VARNISHED  TUBING  • SATURATED  SLEEVING  • A.  S.  T.  M.  SPECIFICATIONS 

BENTLEY,  HARRIS  MANUFACTURING  CO 


3 GREAT  BH  FIBERGLAS  SLEEVING 


Dept.  E Conshohocken,  Penna. 
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^3  CRYSTAL  RESEARCH  LABORATORIES 

(Jy\  INCORPOHATCO 

vr  llgORATORIfS  A N 0 MUM  0FHCI  M ALLTH  JIR£f«  HARTFORD!  CONN 


Office  IS  l !H»  Si'**'.  *«• 


N Y Ph«ne  MU  S-7JS? 


rnNEW! 

The  ULTIMATE  in 

SOLDERLESS 

CONNECTING  DEVICES 


LOCK  A WIRE  TO  A WIRE 


When  the  Bee  nut  is  screwed 
down  all  the  way,  its  built- 
in  clomp  locks  o wire  to  a 
wire.  No  danger  of  loose 
strands.  Assures  a vibra- 
tion-proof, low 
1 resistance  con- 
) nection. 


/■ 


SPACE-  IH  TIME- 
SAVING^]  SAVING 


Simply  lay  stripped 
ends  of  two  or  more 
wires  into  slot.  The 
Bee  nut  will  clamp  them 
together  permanently  or  un- 
til you  wont  them  apart.  No 
lugs,  lock  nuts  or  lock  washers 
required.  No  soldering,  crimp- 
ing, pressing  or  insulating. 


L.  S.  BRACH  MFG.  CORP.,  Newark  4,  New  Jersey 


ture  of  ice  water,  without  crack- 
ing. The  material  is  characterized 
by  its  extremely  low  thermal  expan- 
sion coefficient  which  is  in  the  range 
of  Invar  (1.6  X 10"*  up  to  600  F 
and  1.9  X 10"  up  to  1000  F).  The 
ceramic  withstands  a temperature 
of  2600  F and  has  a dielectric 
strength  of  90  volts  per  mil.  The 
dielectric  constant  at  1000  kc  is 
5.30  and  the  power  factor  is  0.54 
percent  The  manufacturer  sug- 
gests the  ceramic  can  be  used  in 
precision  instruments  where  the 
low  thermal  expansion  coefficient  of 
a high-quality  ceramic  part  is  most 
desirable. 


Literature. 
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Electric  Shock  Hazard.  A 34-page 
booklet  entitled  “Measurement  of 
Electric  Shock  Hazard  in  Radio 
Equipment”  is  published  by  Un- 
derwriters’ Laboratories,  Inc.,  161 
Sixth  Ave.,  New  York  13,  N.  Y. 
This  bulletin  provides  a general 
description  of  the  factors  re!a-- 
ing  to  electric  shock  in  radio  re- 
ceivers. A summary  of  the  data 
from  the  literature  furnishes  back- 
ground information  regarding  lim- 
its for  the  measurements  and  for 
the  choice  of  a testing  instrument 
The  development  of  a suitable 
vacuum-tube  voltmeter  (dio  * 
peak  meter)  is  described  and  its 
use  is  explained. 

Design  Principles  of  Spectrometer. 
A 12-page  booklet  (reprinted  from 
Electrical  Manufacturing)  1 
“Engineering-Design  Development 
of  X-Ray  Spectrometer”,  writte 
by  J.  S.  Buhler,  is  available  fro 
North  American  Philips  C°->  ^ 

100  East  42  St.,  New  York,  N-  ■ 
The  material  covers  in  detail 
basic  design  principles  *nvoT* 
the  Geiger-Counter  x-ray 
eter.  Specifically,  the  author* 
cusses  x-ray  diffraction  Prm  ^ 

new  instrument  requirements,  ■ 

source,  pulse  conditioning, 
quency  meter  circuit,  cof ting  ®1Sj 
ter  circuit,  meters  and  c 
and  applications. 

Automatic  Voltage  Regulator® -u. 
automatic  line  voltage  con  - 
perior  Electric  Co.,  Bristol,  W 

„4S— ELECTS 
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FACSIMILE 

COMPONENT  PARTS 

1800-CYCLE  SYNCHRONOUS  MOTORS 
FORK  OSCILLATORS 
OPTICAL  SYSTEMS 
SPECIAL  TRANSFORMERS 

Available  in  small  quantities  for 
engineering  purposes  after 
February  1,  1946 


TIMES  TELEPHOTO  EQUIPMEHT  INC. 

A Subsidiary  of  The  New  York  Times 

229  West  43  Street  New  Yorlc  18'  N’  Y‘ 

LAckawanna  4-1000 
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Communications 

WELL 
IN 


• Transmitting 
equipment  designed 
and  manufactured 
by  Wilcox  Electric 
Company  of  Kansas 
City,  Missouri. 


I HE  inclusion  of  Asiatic’s  GDN  Series  Dynamic  Micro- 
phone  in  this  modem  airline  dispatching  office  installa- 
tion speaks  for  itself.  Present-day  communications 
systems  demand  the  finest  possible  equipment.  Astatic 
products  measure  up  to  these  high  standards  of  operating 
efficiency. 

Shown  in  the  installation  pictured  above  is  a Dynamic, 
semi-directional,  all-purpose  Microphone  of  the  Astatic 
DN  Series,  mounted  on  Grip-to-Talk  Desk  Stand.  This 
stand  embodies  a relay-operating  ON-OFF  Switch  for 
remote  control  of  transmitters  and  amplifiers,  the  switch 
itself  being  operated  by  a slight  pressure  of  the  fingers 
upon  a convenient  grip  bar. 


AstatlC  Microphones,  Phonograph  Pickups 


and  Cartridges  are  going  forward  daily  in  an  ever-in- 
creasing volume  to  manufacturers  of  radio,  phonograph, 
communications  and  public  address  equipment,  and  to 
authorized  Astatic  jobber  outlets. 
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manufactures  many  types  of  autoJ 
matic  voltage  regulators  which  are 
described  in  their  bulletin  No.  164. 
The  Bulletin  also  describes  Models 
4101R,  4101H,  4102H,  and  4106H 
which  are  now  provided  with  a 
rapid-trip  magnetic  circuit  breaker 
for  overload  protection  and  also  as 
an  on-off  switch. 

Quartz  Crystals.  An  8-page  bulletin 
describes  such  crystals  as  super- i 
sonic  curves,  spherical  or  flat  crys-  - 
tals  for  all  uses;  filter  crystals! 
(minimum  drift)  for  precise  fre-  j 
quencies;  100-kc  frequency  stand- 
ard crystals  which  withstand  se- 
vere shock  and  vibrations ; 200-500 
kc  extremely  stable  crystals  for 
high  output  and  keying;  and  crys- 
tals for  portable  use  in  police  and 
aircraft  communication.  These 
crystals  are  manufactured  by 
Crystal  Research  Laboratories, 
Inc.,  29  Allyn  Street,  Hartford  3, 
Conn.,  from  raw  quartz  to  the  fin- ! 
ished  crystal.  j 

Precision  Tuning  Fork.  A low-fre- 
quency tuning  fork  with  a vacuum- 
tube  drive  is  described  in  a recent 
issue  of  General  Radio  Experi- 
menter, published  by  Generil 
Radio  Co.,  275  Massachusetts  A ve.. 
Cambridge  39,  Mass.  Other  arti- 
cles in  this  issue  of  interest  to 
readers  include  “Balancing 
0.000070  Inch  With  the  Strobotsc 
and  “Production  Testing  With  Im- 
pedances”. 


s-Chalmers.  Two  pieces  of  M- 
ure  recently  issued  by  13 
Imers  Manufacturing  Co., 

Milwaukee,  Wis.,  include  a ui- 

ory  of  Products  and  Engineer- 
Literature”  which  lists  Pr“' 

, made  by  Allis-Chalmer^  . 
mg  these  are  electronic  heate s , 
ring  from  400,000  cycles  and  “P 

cHre  described  in  Bulletin  No-I 

372.  The  second  piece  of 
re  is  titled  “1944  Annud 
v”  which  records  the  Pa3t  y 
ineering  developments  a 

timers. 

cones.  Compounds  8nd*rM^ 
ds,  varnishes  and  resi  . ^ 

istic  silicones  are  describe^ 
2-page  booklet  ^^592, 
w Corning  Corp.,  P- 
Mich. 
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ELECTRONIC  COMPONENTS 


HIGH  QUALITY  AT  LOW  COST  THROUGH  LARGE  VOLUME 


T°wer  production  coot  becomes  Increasingly  Important  as  the 
American  manufacturing  Industry  mores  rapidly  Into  tho  bright 
new  era  of  peacetime  production.  At  the  same  time,  the  American 
“nrket  will  demand  that  quality  be  maintained  at  the  highest 
P°“lble  economic  lereL 

To  this  end.  Greene  engineers  hare  geared  their  own  manuiac- 
turing  equipment  to  produce  In  large  rolume  for  the  electronic 
jndustry.  Since  1904  our  facilities,  capacity,  skill  and  know-how 
hare  steadily  advanced.  Our  ability  to  produce  NOW  components 
*•  highest  quality  at  lowest  cost  can  be  attributed  to  this  long 


experience  In  metal  stamping,  fabricating  and  assembly,  plus 
the  fact  that  we  are  geared  to  handle  large  volume. 

In  order  to  maintain  quality  and  reduce  per-unit  costs,  our  only 
requirement  Is  that  the  minimum  number  of  any  specified  part  be 
100.000  units.  This  minimum  contract  figure  exists  whether  the 
unit  Is  a simple  metal  stamping  such  as  a lug.  terminal  or 
lamination;  a coll  form,  choke  or  completely  wound  coll:  a com- 
plicated chassis  assembly;  or  etc. 

Whatever  the  problem,  if  your  volume  requirements  are  above  our 
— iwimwi  we  shall  be  very  happy  to  quote  on  your  specifications. 
Write  us  for  further  information. 


*,ncc  Vy 7/  ,,,a* 

G.  G.  GREENE  MANUFACTURING  CORPORATION 

WARREN PENNSYLVANIA 
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*ME ANS  * 


IT’S  EASY 
TO  SEE 


^SUPERIOR  * 


55ELECTRICAL 


INSULATION  5 


|NSL-X  it  known  for  Research 
Leadership.  Before  the  war  and 
during  it.  "INSL-X  Research"  has 
been  responsible  for  important  im- 
provements in  electrical  and  elec- 
tronic insulation.  INSL-X  Research 
Leadership  is  your  guarantee  of  the 
finest  in  insulation  coatings. 

★ 

Uttratare  Upe » Reqaest 


THE  INSL-X  COMPANY  INC. 

857  MEEKER  AVE.,  BROOKLYN  22.  N.  Y. 

CHICAGO  ■ DETROIT  . LOS  ANGELES  • PHILADELPHIA 
CLEVELAND  • ST.  LOUIS 


Erie  Resistor  Catalog.  Perform- 
ance data  and  specifications  of  re- 
sistors, ceramicons  and  silvered 
mica  capacitors  are  contained  in  a 
new  catalog  available  from  Erie 
Resistor  Co.,  Erie,  Pa.  The  cata- 
log is  printed  in  color  and  con- 
tains many  charts. 

Tube  Catalog.  Many  types  of 
transmitting  and  special  purpose 
tubes  are  illustrated  and  de- 
scribed and  bottom  views  of  socket 
connections  are  shown  in  a new 
catalog  available  from  Hytron  1 1 
Radio  & Electronics  Corp.,  76  La- 
fayette St.,  Salem,  Mass.  Also  con- 
tained in  the  bulletin  is  a 4-page  i 
chart  which  gives  all  pertinent  i 
characteristics  of  these  tubes. 

Research  and  Engineering.  A book- 
let entitled  “We  Did  It  This  Way 
tells  of  small  but  vital  steps  in  the  i 
forward  march  of  technolog!  | 
which  ended  in  the  great  develop-  j 
ments  of  the  war,  such  as  sonar,  , 
radar  and  loran.  The  types  of 
equipment  (including  electronic 
equipment)  developed  for  the  war 
effort  are  interestingly  described 
in  this  32-page  booklet  published 
by  Western  Electric  Co.,  Inc.,  19a 
Broadway,  New  York  7,  N.  Y. 


Steel  and  Wire  Alloy.  “Spencer 
Wire  Comes  Through”  is  the  tit  e 
of  a 4-page  bulletin  which  illus- 
trates and  describes  precision  wire 
and  gives  a list  of  applications. 
Spencer  Wire  Co.,  West  Brookfield- 
Mass. 


dio  and  Phono  Cabinets.  Cata- 
r Series-1946  illustrates  an 
scribes  28  different  types  oi 
binets  and  cases  available  fro 
dio  Merchandise  Sales, 
Ave..  New  York 


Television  Receivers.  A large  bro 
chure  illustrates  and  briefly 
scribes  projection-type  e 
receivers  for  the  home  an 
commercial  use;  direct  vie  ^ 
ceivers  for  the  home,  c a 

modern  cabinets,  all  manufa  tur 

by  Allen  B.  DuMont  La  °ra  j 
Inc.,  2 Main  Ave.,  Passa‘^  cf 
under  the  registered  trademark 

“Teleset”. 
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The  RADIART  VR-2  Midget  Vibrator  can  now 
be  produced  for  civilian  applications.  Will  this 
be  of  help  in  your  product?  Send  us  full  infor- 
mation as  to  your  requirements . . . our  engineer- 
ing department  will  fully  cooperate. 

Monufactured  by  makers  of  famous  RADIART  Rust  Proof  Aerials. 

Radiart  Corporation 

3571  W.  62nd  STREET  • CLEVELAND  2.  OHIO 
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INDUSTRIAL  CONTROL 


Electronic  Regulator  lor  Arc  Furnaces 314 

Phototube  Weft  Straightening 316 

Circuit  of  Electronic  Capacitance-type  Fuel  Gage 324 

Automatic  Tuning  ol  R-F  Heating  Generator 332 

Electrostatic  Paint  Spraying  and  Detearing 336 

Brazing  Operations  in  Transmitter  Tube  Assembly 340 

Electronic  Balancer  for  Rotating  Parts 364 


Electronic  Regulator  for  Arc  Furnaces 


As  THE  CHARGE  in  an  arc  furnace 
melts  down,  it  is  necessary  that  the 
electrode  be  lowered  to  maintain  the 
arc.  Withdrawal  becomes  necessary 
when  melting  scrap  falls  against  the 
electrode,  causing  a short  circuit. 
And  normal  consumption  of  the 
graphite  in  the  electrode  calls  for  a 
corresponding  adjustment. 

A recent  Westinghouse  develop- 
ment is  an  electronic  unit  which 
gives  a wide  range  of  speed  and 
quick  response  in  control  of  the 
motor  drive  which  accomplishes  this 


of  the  grid  balancing  circuits  have 
been  omitted  in  the  interest  of  a 
simplified  diagram. 

Grid  control  voltage  proportional 
to  electrode  current  is  taken  from 
the  current  transformer  shown  in 
the  electrode  circuit  and  passed 
through  the  upper  of  the  pair  of 
full-wave  dry  rectifiers  connected 
to  V,.  Another  grid  control  voltage 
proportional  to  the  arc  potential 
comes  through  R,  and  the  shell  of 
the  furnace  to  the  other  dry  recti- 
fier of  the  pair. 


Fig.  1 — Circuit  oi  the  electronic  arc-furnace  regulator.  Tubes  V,  and  V,  regulate  the 
firing  of  thyratrons  V„  V,,  VB,  and  Vv  each  pair  of  which  Is  related  to  one  direction 
oi  electrode-motor  rotation 


regulation.  The  system  works  by 
varying  the  armature  voltage  of  a 
constant-field  motor  to  produce  the 
required  speed  of  electrode  motion. 

Circuit  of  One  Channel 

Figure  1 discloses  the  general 
scheme  of  the  equipment.  It  shows 
three-phase  electrodes  but  includes 
details  on  only  one  of  the  regulat- 
ing channels.  Also,  certain  elements 
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When  operation  is  begun  with 
the  closing  of  the  main  circuit 
breaker,  voltage  on  the  potential 
circuit  drives  the  cathode  of  V, 
positive,  reducing  plate  current  and 
the  voltage  drop  across  the  poten- 
tiometer. This  makes  the  grids  of 
V,  and  V,  less  negative  so  the  tubes 
start  conducting.  They  then  supply 
full-wave  rectified  voltage  to  the 
electrode  motor  in  the  direction 


necessary  to  produce  lowering  of 
the  electrode. 

As  the  first  electrode  strikes  the 
metal,  the  voltage  drops  to  zero. 
This  produces  an  increase  in  the 
plate  current  of  F,  and  a resulting 
increase  in  grid  voltage  on  V,  and 
V,  which  blocks  their  conduction 


A 

IL 

\E«  / 

_£ . ; — 

Fig.  2 — Photo-angle  firing  control  » 
used  In  the  arc-turn  act  regulator.  Varic 
Hons  In  E„nc  cause  £010  to  Intoned  thi 
£[K.  curve  at  different  points,  taefllufiss 
conduction  for  the  remainder  of  h» 
half-cycle.  Motor  power  Is  roprtstnltd 
by  the  shaded  area 


and  stops  the  motor.  When  the  sec- 
ond electrode  in  the  three-phase 
group  strikes  the  metal  at  the  end 
of  a corresponding  chain  of  events,  j 
current  begins  to  flow  in  both.  This 
results  in  a voltage  which  appears 
in  each  current-transformer  circuit 
and  imposes  a negative  voltage  on 
the  grid  of  F.  through  its  associ- 
ated pair  of  dry  rectifiers. 


Positioning  the  Electrode 

Tubes  V.  and  F.  then  perform  in 
the  same  fashion  as  F,  and  V,  ei- 
cept  that  the  armature  voltage  has 
the  opposite  polarity  and  drives  the 
motor  in  the  opposite  direction, 
raising  the  electrode  and  establis 
ing  an  arc  whose  voltage  increase 
and  current  decreases  as  it  length- 
ens. Ultimately  a balance  is  estab- 
lished between  the  potential  an 
current  grid-control  voltages  an 
the  electrode  position  is  established 
Thereafter,  variations  arism? 
through  diminishing  «lectr°" 
length,  melting  down  of  the  me  ’ 
or  a cave-in  around  an  elec 
supply  grid  voltages  such  as  to  pro- 
duce appropriate  motion  of  t e 
fected  electrodes. 

Variable  voltage  for  the  mo 

is  obtained  by  superimposing  an 

voltage  wave  on  the  d-c  8rl  ' 
age  of  the  main  thyratron  tubes  > 
V.,  Vr„  and  V.  Because  this  M- 
90-deg  lag  behind  the  thyra  r 
ode  voltage,  it  cuts  the  cri  1 
vnltairp  UnP  at  different  pom” 
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CLOSE  TOLERANCE  LIMITS 
PROMPT  DELIVERY 
QUALITY 


ALA  — 3 WATTS 

MAX  RES:  25.000  Ohm*  (Nichrome) 

MAX.  RES:  5,000  Ohm*  (Monganin) 

BODY  SIZE:  1'/,"  Lg.  by  V,"  Dio. 

MOUNTING:  By  Axial  Lead* 

TERMINALS:  No.  18  Tinned  Copper  Lead*.  2 Inch#* 
long 

TOLERANCES:  Standard  3%  (1%  at  Slight  Extra  Co*t) 

TYPE  ACA  — 6 WATTS 

Same  a*  Type  ALA  except  coated  with  high  temperature 
cement. 


Type*  ALA,  ACA,  BLA,  BCA  con  be  *upplied  with  non-inductive  winding  with  50% 
reduction  in  maximum  retiitance.  Add  tufflx  "N"  to  code  when  tpecifying  non- 
inductive  type*  (ALAN,  ACAN,  BLAN,  BCAN). 


TYPE  BLA  — 5 WATTS 

MAX.  RES:  50,000  Ohm*  (Nichrome) 

MAX.  RES:  10,000  Ohm*  (Monganin) 

BODY  SIZE:  1J/«"  lg.  by  J/«"  Dia. 

MOUNTING:  By  Axial  lead* 

TERMINALS:  No.  18  Tinned  Copper  Lead*, 

Long 

TOLERANCES:  Standard  3%  (1%  at  Slight  Extra  Co*t) 

TYPE  BCA  — 10  WATTS 

Some  a*  Type  BLA  except  coated  with  high  temperature 
cement. 


This  new  line  of  resistors— designed  to  meet  current 
demands  for  small,  low-cost,  quality  units  of  close 
tolerance— is  immediately  available.  They  cover  the 
full  range  from  1 watt  to  10  watts  and  1 ohm  to  1 
megohm.  Designed  for  long  life  and  stability,  these 
components  have  hard  soldered  connections  between 
resistance  wire  and  terminals,  assuring  permanent  noise- 
less, trouble-free  units.  These  new  resistors  are  engi- 
neered for  the  manufacturer  who  desires  to  retain  a repu- 
tation of  top  quality  and  performance  in  his  equipment. 

Jt®  all  IN  - RES  - CO  products  they  are  produced  under 
rigid  control  by  modern  facilities.  Write  for  details. 

ilNSTRUMENT  RESISTORS  CO. 

25  AMITY  STREET,  LITTLE  FALLS,  NEW  JERSEY 


Inches 


TYPI  BX  — 1 WATT 


NON-INDUCTIVE 


MAX.  RES:  500,000  Ohm*  (Nichrome) 
MAX.  RES:  15.000  Ohmt  (Monganin) 
BODY  SIZE:  %*  Lg.  by  0/16"  Dio. 
TOLERANCES:  Stondard  3% 

(To  1/10%  of  Sliohf  Extra  Co*») 


• ' ' . ..  , 

A NEW  ECONOMICAL  RESISTOR  LINE 


PERMANENT  LOW  UNIT  COST 
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the  d-c  grid  voltage  is  raised  or 
lowered.  Figure  2 shows  this  rela- 
tion which  allows  the  thyratrons  to 
conduct  for  varying  portions  of  a 
half  cycle. 

For  a high  degree  of  accuracy  in 
a system  like  this,  the  various  grid 
voltages  must  have  complete  control 
over  the  regulating  tubes  without 
causing  them  to  saturate  because  of 
the  grids  swinging  positive.  The 
self-biasing  resistor  is  arranged  so 
that  the  regulating  tube  works 
along  the  straight  portion  of  its 
curve  like  a class-A  amplifier.  This 
results  in  high  amplification,  and  a 
small  change  in  grid  voltage  varies 
the  output  of  the  regulating  tube 
over  a wide  range.  A wide  range 
of  current  adjustment  is  obtained 
by  means  of  a rheostat  shunting  the 


Fig.  3 — Closeup  view  oi  the  duee  chan- 
nels  oi  thyratrons  and  coordinated 
regulator  stages  for  a three-phase  arc 
iurnace  in  their  protective  housing 


current  transformer.  This  method 
maintains  the  same  sensitivity  for 
all  current  settings. 

Provision  for  controlling  the  elec- 
trodes manually,  either  individually 
or  in  a group,  facilitates  handling 
during  charging,  pouring,  and 
changing  electrodes.  Physical  con- 
struction of  the  unit  which  houses 
the  gear  is  shown  in  Fig.  3.  The 
control  panel  is  disposed  for  setting  | 
into  the  wall  of  the  furnace  vault  in 
accordance  with  standard  practice 
with  other  types  of  regulators. 
Single-unit  construction,  as  in  this 
design,  eases  the  problem  of  exclud- 
ing dirt  and  protecting  the  appar- 
atus against  physical  damage.  It 
also  facilitates  factory  testing  of  i 
the  whole  operation  including  the 
electrode  motors. 


Phototube  Weft  Straightening  in  Textile  Industry 


IN  A textile  industry  control  pro- 
duced by  General  Electric  Co., 
a pair  of  exciter-lamp  and  pho- 
totube scanning  units  count  the 
number  of  weft  threads  at  each  side 
of  a continuously  moving  web  of 
cloth,  compare  them  to  detect  skew, 
and  provide  impulses  by  which 
automatic  correction  is  made.  The 
controls  are  used  in  conjunction 
with  weft-straightening  equipment 
made  by  Winsor  & Jerauld  Mfg. 
Co. 

Shown  in  Fig.  1 is  a typical  in- 
stallation. A single  unit  is  to  be 
seen  in  Fig.  2 with  parts  marked. 
The  method  of  operation  is  revealed 


Fig.  1— Phototub*  weft  straightening  installation  at  Danvsrs  Bleachery  and  Dye 
Works.  Peabody,  Mass.  Tho  light  sourcss  an  bo  low  the  leval  oi  cloth  in  the  tenter 


ig.  3— Light  beams  ■'■own 
ocusod  directly  at  ths  torsi  ****?;  I 
toting  In  optical  system  belo*. 
lrlven  rotating  disks  cut  beam  ! 

ipots.  EHoct  whon  doth  moTSS  Is  shoira  “ 

fig.  4— When  weft  tiuwri*  ..5,.  "Ita 
doth  get  askew,  the  spot  d 
ending  side  (left  b> . W. 
zeroes  a greater  number  of  •“•'V  b fc, 
loco  a higher  frequency  *>*"“  “ 
phototube 

n the  succeeding  figures.  L’f 
teams  A and  B as  ffl«***“ 
Fig,  3X  are  produced  in  the  op 
iystem  which  mounts  be  o 
noving  cloth  as  can  be  seen  1 
5.  These  beams  are  appro*1® ' 
li  by  0.004  in.  and  are  reduced 
•pots.  C and  D,  by  rotating 
Motion  of  the  light  spots  b»  * 
lirect  relation  to  the  cloth  P*  . 
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Sherman 

Offers  QUICK 


% 


DELIVERY 

On  Hundreds 
Of  Styles  of 

ELECTRICAL 
TERMINALS 


% 


One  of  the  largest,  most  com- 
plete lines  of  Electrical  Termi- 
nals available  anywhere,  is 
offered  yon-  by  Sherman.  Hun- 
dreds of  styles  are  available,  and 
others  are  constantly  being 
added.  Most  of  these  are  kept  in 
stock,  ready  for  quick  shipment. 

Shaman  probably  has  a stock 
terminal  exactly  suited  to  your 
own  particular  requirements.  If 
not,  we  would  be  happy  to  have 
you  submit  your  specifications  to 
our  engineering  departments. 

Sherman  also  makes  many 
other  high  quality  electrical  fit- 
tings, such  as  soldering  and 
•olderless  lugs,  fuse  clips,  etc. 
Write  today  for  Sherman  catalog. 


H.  B.  SHERMAN 
Mfg.  Company 
Battle  Creek 
Michigan 


Sherman 


C/"  LOGS, 
TERMINALS,  fuse  cups 
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WEFT-STRAIGHTENING  (continued) 

throughout  the  speed  range  of  the 
tenter  by  selsyn  motors  controlled 
by  a transmitter  on  the  main  tenter 
drive.  The  relation  is  shown  in 
Fig.  3Y  where  the  cloth  is  in  motion 
with  weft  threads  straight. 

When  weft  threads  are  askew  as 
in  Fig.  4,  the  light  spot  at  the  right 


Fig.  2 — Closeup  of  one  of  two  units  in 
a GE  phototube  weit-straightening  con- 
trol. Amplifier  output  goes  to  control 
unit  and  thence  to  operate  straightening 
motor 

intercepts  more  threads  than  does 
the  one  at  the  left.  For  skew  in  the 
opposite  direction,  the  opposite  sit- 
uation prevails.  Phototubes  and 
related  amplifiers  are  located  in  the 
cylindrical  housings  immediately 
above  the  moving  cloth,  where  they 
receive  impulses  at  the  frequency 
of  the  passing  threads — the  same  if 
the  weft  is  straight  but  unequal  in 
case  of  a skew. 

Amplifier  outputs  are  fed  to  a 
frequency  - sensitive  circuit  in 
which  a voltage  output  is  produced 


Fig.  5 — Dustprool  cover  has  been  re- 
moved to  show  disposition  of  parts  in 
weft  control  unit  which  is  fed  signals 
from  the  phototube  amplifiers  atop  the 
sensing  units 


an  AMPLIFIED 


ANSWER 

TO  AN  ENGINEER’S 


PARTICULARLY  PERFECTED 
FOR  PRE-EMPHASIZED 

DISC  RECORDING 


A new  Altec  Lansing  35  watt,  65 
db  gain,  premium  quality  A255 
amplifier,  with  plenty  of  reserve 
power  and  flat  over  the  entire 
frequency  range,  has  been  partic- 
ularly perfected  for  the  require- 
ments of  high  power  at  high 
frequencies  as  required  for  pre- 
emphasized disc  recording.  Curves, 
specifications  and  performance 
data  will  be  sent  immediately  upon 
request.  Refer  to  Altec  Lansing’s 
new  A255,  35  watt,  amplifier. 


1210  TAFT  BLDG.  HOLLYWOOD  28,  CALIF. 
250  WEST  57  STREET.  NEW  YORK  19,  N.  Y. 
IN  CANADA : NORTHERN  ELECTRIC  CO 
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BULLETINS  TELL  THE 
WHOLE  RELAY  STORY 


Bulletin  105  — "Little  Giant  Relay"  sin- 
gle pole,  single  and  double  throw.  Con- 
trols % HP  on  II5-230V. 

Bulletin  106  — Midget  Relays  for  light 
duty  available  in  single  and  double  pole, 
single  and  double  throw. 


Bulletin  81  — Intermediate  Duty  Relays 
in  single  and  multipole  arrangements, 
single  and  double  throw. 

Bulletin  362  — Motor  Driven  Time  Delay 
Relays  for  operation  on  alternating 
current. 

Bulletin  104  — Midget  Relay  for  tight 
places— Vibration  resistant— Double  Pole, 
Double  Throw  — Available  for  6 to  115 
volts  A.C  or  D.C. 


Bulletin  131  and  133  - Hw*y  Duly  Be- 
lay*  tingl.  and  mullipole,  tingle  old 
double,  contract*  rated  up  to  25  amp. 
on  1 25- 250V. 

Bulletin  251 -Sensitive  Type  «elay*  for 
direct  and  alternating  current  operating 
on  .014  watts. 

Bulletin  351 -Thermal  Time  Delay  Be- 
lay* with  thermostat  built  into  relay 
assembly. 

Bulletin  103  - Aircraft  Power  Belay.  Sin- 
gle Pole,  Single  Throw  for  24  volt,  at  25 
amp*.  D.C.  Withitand*  high  value*  of  ac- 
celeration of  gravity,  shock,  and  vibration. 


WARD  LEONARD  RELAYS  include  type*  and  size*  for  every  application. 
They  all  have  crisp  action,  are  dependable  and  durable  yet  consume  but 
little  current.  Send  for  the  data  bulletins  of  interest  to  you. 


MUD  LEONARD 


★ * * 
BUY 

VICTORY 
BONDS 
★ + * 


RELAYS ' RESISTORS  • RHEOSTATS 

Electric  control  ■Q-  devices  since  1892 

Offices  in  all  principal  cities 

WARD  LEONARD  ELECTRIC  COMPANY  ' 32  SOUTH  ST.  • MOUNT  VERNON,  N.T* 
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BECKMAN 


Now  available  for 
civilian  electronic  application i! 


Can  you  use  this  important 

THE  HELIPOT-a  Beckman  development  widely  used 
the  war  on  such  precision  instruments  as  radar,  flight 
units,  depth  sounding  devices,  and  other  critical 
equipment— is  now  available  to  manufacturers  and 
civilian  electronic  instruments! 


► WHAT  IT  IS:  The  Beckman  Helipot  consists  of  a long, 
precision  slide  wire  coiled  helically  into  a small  case  and 
equipped  with  a slider  contact  assembly  that  is  moved  in  the 
usual  manner— by  rotation  of  a shaft.  A simple  device  auto- 
matically guides  the  slider  contact  over  the  helical  path  of  the 
resistance  winding  so  that  the  entire  length  of  the  wire  can  be 
contacted  by  rotation  of  one  knob. 


The  Beckman  Helipot  is  a unique  new  type  of  potentiometer- 
rheostat  which  combines  in  one  compact  unit  both  the  wide 
resistance  range  and  extreme  fineness  of  adjustment  heretofore 
usually  obtainable  only  through  use  of  tuo  separate  rheostats, 
two  control  knobs,  two  adjusting  operations.  It  is  outstanding 
lor  all  types  of  precision  electronic  equipment  requiring  high 
linearity,  wide  range  and  precise  resistance  control. 


This  unique  design  enables  the  Helipot  to  occupy  no  more 
panel  space  than  a conventional  single-turn  rheostat.  Yet  the 
greatly  increased  length  of  the  resistance  winding  provides  a 
new  standard  of  high  accuracy  and  wide  resistance  range  in 
one  unit.  It  means,  for  example,  that  a ten-turn  Helipot  has  ten 
times  the  fineness  of  adjustment  possible  with  a single-turn 
rheostat  of  the  same  range.  Or  conversely,  for  the  same  fineness 
of  adjustment  a ten-turn  Helipot  has  ten  times  the  range. 


important  helipot  features 


High  Linearity -A*  a result  of  fulfill- 
ing wartim*  requirement*  for  ultra*preci»ion 
circuit  control*,  Helipot*  are  ma**-produced 
with  linearity  toleronce*  of  one  tenth  of  one 
per  cent— and  even  les*! 

• 

Wide  Range- By  coiling 

a long  potentiometer  slide 
wire  into  a helix,  the  Helipot 
provide*  many  times  the  ra°9* 
possible  with  a single  turn  unit 
of  comparable  diameter  and 
panel  space  requirements. 


•HELIPOT— T.  M.  Reg. 

(from  HELIcel  POTentiometer) 


Precise  Settings  — Because 

of  the  many-times  longer  slide 
wire,  settings  can  be  made  with 
an  accuracy  impossible  with  single 
turn  units. 


Low  Torque— Of  special  in- 
terest, for  power-driven  applica- 
tions—the  Helipot  has  unusually 
low  torque  characteristics.  The 
lMi"  Helipot,  for  example,  has  a 
torque  of  only  one  inch-ounce. 

Write  for  further 
details I ■ 


The  Beckman  Helipot  is  precision-built  of  the  finest  materials  and 
is  designed  for  use  in  all  types  of  high  quality  electronic  instru- 
ments where  accuracy,  sensitivity,  wide  range  and  positive  opera- 
tion are  required.  Why  not  investigate  its  use  to  increase  the  accu- 
racy, the  convenience,  the  efficiency  of  your  quality  electronic 
products?  Our  engineers  will  be  glad  to  explain  how  the  Helipot 
can  fit  your  application.  Write,  briefly  outlining  your  needs  and 
ask  for  Helipot  Bulletin  I 


the  Helipot  CORPORATION,  South  Pasadena,  Calif 
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Palnut 

LOCK  FASTENINGS 

assure 

Speedy , Low  Cost 
Assembly! 


Fw  Mtvnflng  C#H  Farms 


Replace  slower,  costlier  2-piece  fastenings 


MQ8L1  LOMIM  MT1W 


Self-locking  Palnuts  are  especially  adapted  to 
fast-moving  assembly  lines.  One  Palnut  re- 
places a regular  nut  and  lockwasher,  cutting 
cost  of  fastenings  in  half.  You  handle  one 
part  instead  of  two,  reducing  assembly  time 
50%.  Palnuts  apply  speedily  with  hand,  Yan- 
kee or  power  drivers — extra  fast  when  special 
Palnuts  sockets  are  used. 


This  crots-Mctlon  of  a regular 
Palnut  shows  the  unique  doubt* 
locking  action  typical  of  all 
Palnuts.  Wh*n  th*  Palnut  It 
tightened,  Its  arched  slotted 
jaws  grip  the  bolt  like  a chuck 
(B-l).  while  spring  tension  Is 
•sorted  upward  on  the  bolt 
thread  and  downward  on  the 
part  (A-A),  securely  locking 
both. 


Palnuts  are  single  thread,  spring  tempered  steel 
locknuts.  They  fit  in  the  same  area  as  hex  nuts. 
Their  extremely  low  cost,  plus  assembly  savings, 
provides  substantial  economies  on  mass-production 
items  such  as  radios,  electrical  appliances,  etc  Pal- 
nuts are  available  in  a wide  range  of  types,  sizes, 
finishes  and  materials. 

Send  details  of  assembly  for  recommendation  and 
samples.  Write  for  detailed  folder  on  Self-Locking 
Palnuts. 


THE  PALNUT  COMPANY.,  TT  CORDIER  ST.,  IRVINGTON  11,  N.  J. 


Self- Locking  PALNUTS 

Tho  One-Pieco  fastenings  with  tha  Double-Locking  Action. 


324 


WEFT-STRAIGHTENING  lcorrti.il  «i| 

proportional  to  the  magnitude  and 
also  the  direction  of  the  skew.  Thii 
voltage  is  used  to  control  the  opera- 
tion of  a straightening  motor 
through  the  action  of  suitable  elec- 
tron tubes,  no  mechanical  contact- 
ors being  used  in  the  gear. 

Figure  5 shows  the  control  unit 
in  its  dust-tight  case.  All  extenul 
connections  are  made  through  non- 
interchangeable  plugs.  To  facili- 
tate maintenance,  inoperative  units 
are  arranged  for  easy  removal  and 
replacement  by  factory  adjusted 
units. 


• • • 

Circuit  of  Electronic 
Capacitance-type  Fnel  Gage 

Operating  details  of  the  aircraft 
fuel  level  gage  developed  by  Min- 
neapolis-Honeywell  Regulator  Co. 
and  previously*  described  in  gen- 
eral terms  have  been  made  avail- 
able : 

Operation  of  the  gages  is  based 
on  the  general  concept  of  the  a-c 
bridge,  discussed  earlier**  in  con- 
nection with  automatic  pilot  func- 
tions. The  practical  working  cir- 
cuit appears  in  Fig.  1.  Sensing 
elements,  as  shown  at  the  upper 


Fig.  1— The  capodtance-type  fuel  tW* 
utilizes  this  bridge  circuit  The  »•■**[ 
element  In  upper  right  Is  a trlplecomW 
aluminum  tub* 


ght,  consist  of  concentric  alumt- 
um  tubes  of  which  the  inner  tw 
irm  the  opposite  plates  of  a cs 
acitor  while  the  outer  one  serves 
i an  electrostatic  and  mechanics 
lield  and  is  grounded. 

Gasoline  flows  through  vents  in 
le  space  between  the  tubes,  va 
ig  the  dielectric  constant  and  tnu 
ranging  the  capacitance  in  ® ® 
slationship  to  the  amount  o 

See.  More  Accurate  HquW  Lc"j, 

>r  Aircraft  Industry,  Electro* 

>«■  p 152.  Circuits. 
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JUHNhUN 

a famous  name  in  JQ.aJ.io 


Johnson  sockets  are  stocked  by  leading 
radio-electronic  parts  jobbers. 


MBnuMH 


TVttte  fan 

TUBE  SOCKET 
GUIDE 


The  latest  addition  to  the  famous  line  of  Johnson  tube  sockets 
is  the  275,  Giant  Five  Pin  socket  with  all  the  oustanding 
features  which  have  made  other  Johnson  sockets  superior. 
A special  feature  of  the  275  is  the  provision  that  has  been 
made  to  allow  forced  ventilation  from  below  the  chassis,  as 
required  for  the  recently  announced  Eimac  4-1 25A  and  4-250A. 
This  socket  may  also  be  used  for  other  Giant  Five  Base  tubes 
when  a wafer  type  socket  is  desired. 

Johnson  sockets  are  engineered  to  meet  the  most  exacting 
requirements  of  industrial,  commercial  broadcast  and  "horn" 
applications.  For  more  than  20  years  Johnson  engineers  have 
designed,  and  Johnson  production  lines  have  produced, 
transmitting  components  known  throughout  the  industry  as  tops 
in  the  field.  With  this  background  and  the  close  association 
with  tube  manufacturers,  Johnson  is  continually  leading  the 
way  with  tube  sockets  designed  to  meet  the  rigid  requirements 
of  present  day  electronic  circuits  and  equipment. 

If  you  have  a special  tube  socket  problem,  write  Johnson,  today. 


E.  F.  J 0 H N S 0 N 


COMPANY  • WASECA  • 


MINNESOTA 
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CAPACITANCE  FUEL  GAGE 


(continued! 


GO^ 


nets 


IN  A FLASH! 


You’ll  save  time  and  money  on  loudspeaker  installations  with 
the  handy  Operadio  IMPEDANCE  CALCULATOR  . . .a  simple 
twist  of  a disc  gives  you  instant  answers  to  puzzling  group 
impedance  problems!  You  quickly  match  loudspeaker  lines  to 
the  amplifier  for  any  sound  system  covering  500,  1000,  4000, 
8000,  or  16,000  ohm  loudspeakers.  No  rule-of-thumb  guess- 
work ...  no  involved  mathematical  formulas.  Handy  5'  diameter, 
fits  your  pocket  or  sales  kit.  Heavily  varnished  cardboard.  Send 
coupon  with  250  (not  stamps)  today! 


oPERADio 


■■■ 

OPERADIO 

MANUFACTURING  CO.,  DEPT.  E-U,  ST.  CHARLES,  ILL. 

■ ■■ 

G Enclosed  is  25c  in  coin  (stamps  not  accepted).  Send  me 
your  "IMPEDANCE  CALCULATOR"  by  return  mail. 

City 

State 

■■1 

■ ■■ 
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in  the  tank.  Liquid  gasoline  has  t I 
dielectric  constant  of  about  2 } 
whereas  a mixture  of  gasoline  | 
por  and  air  has  a constant  of  about  I 
1.  This  gives  a capacitance  varia-  1 
tion  of  nearly  twice  for  the  differ 
ence  between  an  empty  and  a ful 
tank,  a variation  which  is  independ- 
ent of  fuel  temperature.  , i 

Thermal  Compensation 

Temperature  changes  have  a dual 
effect  on  gasoline.  Thermal  expan- 
sion is  accompanied  by  a reduction 
in  dielectric  constant,  which  mean*  | 
that  as  a temperature  increase  J 
causes  the  fuel  to  rise  in  the  sens- 
ing tube,  the  resulting  capacitance 
increase  is  opposed  by  the  falling 
dielectric  constant  of  the  whole.  See 
Fig.  2.  Being  based  on  capacitance, 
the  indication  of  the  gage,  there- 
fore, can  be  calibrated  in  gallons  at 
77  F or  on  a basis  of  weight  which 
relates  directly  to  engine  power  as 
volume  does  not. 

For  an  example  of  the  magnitude 
of  error  possible  in  a mechanical 
gage  which  can  only  measure  vol- 
ume, a plane  taking  off  in  India 
where  ground  temperatures  run  as 


-60  -30 


0 30  60  90 

TEMPERATURE  F 


Fig.  2 — Plot  ot  Inoperative  ogaliut  p«- 
cent  change  shows  the  opposition  eBect 
ot  volume  and  capacitance  with  » 
sultan!  gage  response 


3 as  140  F and  climbing  to  30,- 
ft  (minus  40  F)  would  lose  fuel 
ime  of  12  percent  from  shrink- 
, Other  factors  such  as  play  » 
ages  and  sloshing  of  fuel  B * 
>ossible  to  gain  as  much  as 
:eht  in  accuracy  by  capacitor- 
i sensing  units, 
a the  bridge  circuit  of  Fig-  a 
two  arms  consist  of  the  capaci 
:e  of  the  tank  unit  and  the  wee 
acitor  C,  with  unbalance  voltage 
earing  across  the  transform 
and  point  P.  When  the  fuel  level 
nges,  unbalancing  the  bridge, 
i unbalance  voltage  signal  is 
. phase-sensitive  amplifier  w 
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J AFTER 
TRUARC 

Waldes  Truarc  Retaining  Rings 
made  possible  the  desired  sim- 
plification—actually  INCREASED 
efficiency  of  Tnrifimaatera 
ranging  in  weight  from  5 to 
1000  pounds. 


2 BEFORE 
TRUARC 

Thomson  engineers 
wanted  to  make 
Thriftmaater  drill- 
heads  even  simpler 
and  more  compact, 
with  lower  overhang 
for  greater  versatil- 
ity, without  loss  of 
speed  or  capacity. 


sides 

marc  Re* 
ifling  Rings 
■ Thomson 


-crssjjK 
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isiaa 


:er  installations  with 
JLATOR . ..a  simple 
■ to  puzzling  trroup 
oudspeaker  lines  to 
500.  1000. 4000. 
ule-of-thumb  iruess-  I 
llandv  5'  diameter, 
?d  cardboard.  Send 


>IKG  and  positioning  machine  parts,  Waldes  Truarc 
S Rings  offer  distinct  advantages  over  nuts,  shoul- 
llars  and  pins.  They  save  cost  by  simplifying  and 
[upproduction.  They  make  assembly  and  disassembly 
nicker,  easier.  They  can  be  put  on  and  taken  off 
i time  again— and  still  retain  the  perfectly  true  circu- 
it gives  them  their  never-failing  grip.  Test  Waldes 
Retaining  rings  in  your  products  and  in  the  ma- 
tat  make  them.  We’ll  furnish  samples  and  complete 
fate  Dept.  H-ll. 


Ertirnal  Type 
National  Aircraft 
Standard  51 


■■■■■aaaaaaa 

CHAttfS.  IlL 


ms  pp 

tCARC  jS*i 

tftAOC 

UINING  RING 


lirtanal  Type 

National  Aircraft 
Standard  50 


tOOB,  INC.,  LONG  ISLAND  CITY  1,  NEW  YORK 

TORONTO 


COM.,  ITD.,  73*74  8TAFFORO  STREET, 


Goqgle* 
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^ferMEPCO 

"Tru  Tolerance"  RESISTORS 
are  "Tops"  with  Manufacturers  of 
Instruments,  Radio,  Electronic  Equipment 


j^reTriple/Ww**-' 


r 


ACETATE  LABEL 


Tougher,  fleoner,  non  duroble 
corerlng.  Noted!  wIbWH  horn 
median*  col  Seedling.  Preetnll 
lugs  (ram  piercing  label.  M- 
fordi  fangvi  pralacllan  ta 


ADDED  INTERNAL 
INSULATION 


Crest-over  vires  are  ieioteted 
tram  rest  a(  winding  with  etelete 
doth,  An  exclusive  Mepce  lea- 
lure  (patent  pending). 


'M 


Non-Hygroscopic  Ceramic  forms: 

High  insulating  value,  low  expansion 
coefficient,  high  mechanical  strength. 

Highest  Grade  Alloy  Wire: 

Especially  enameled  to  meet  moat  rigid 
tests. 

Extra  Terminal  Protection: 

Lug  type  winding  leads  and  lug  embedded 
and  molded  into  one  unit.  Lead  wire  type, 
securely  anchored  in  grooves  with  winding 
wire  protected  so  as  to  prevent  possible 
breaking  in  handling. 

GET  THE  MEPCO  RESISTOR 
GUIDE.  ITS  FREE!  Shows  oil  Mwpco 
\w  tUudami  eixea  and  gvrea  complete 
, pl  . t data  u to  electrical  and  mechanical 
> charaoteriatica. 

E Madison  Electrical  Products  Corp 

Madison  New  Jersey 

NAME 

POSITION 

ADDRESS 

anr........,, state..., 


True  Tolerance  Precision  Resistors: 

Standard  tolerance  1%.  Special  tolerances 
down  to  0.10%  on  special  orders. 

Severe  Breakdown  Test 

for  every  unit.  Rejections  minimised  by 
special  winding  technique  which  prevents 
chafing  of  wire. 

Careful  Calibration 

and  precision  winding  keep  all  units  well 
within  specified  tolerances. 

Send  us  your  requirements  on  special 
resistors  for  quotation. 


MADISON  EICCTIIICAI 
PRODUCTS  CORPORATION 

MADISON,  NEW  JERSEY 

Precielon  Resistor*  . Thermocouples 
Voltmeter  Multiplier* 

Electronic  Specioltiei 
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100  WATT 

kH 

VWW-5:  A ruggedly  built  precision 
ftpied  to  meet  Navy  Spec.  RE-13A- 
fdSpec.  IAN-R-19.  Rated  at  8 watts 
pdel  incorporates  features  which 
Itrate  "there  is  none  finer."  Dual 
re  available  (Model  DPWW-5). 


Wartime  quality  wire-wound  power  Re- 
sistors now  available  in  peacetime  quantity 
to  meet  your  immediate  needs.  Units  rang- 
ing from  5 to  200  watts  can  be  furnished  to 
your  specifications  in  either  fixed  or  semi- 
variable versions. 


L PWW4:  Rated  at  4 watts.  A com- 
jty  priced  counterpart  of  the  PWW-5 
jailing  many  of  the  outstanding  fea- 
ts  black  phenolic  case  distinguishes 
to  PWW-5.  Unique  one  piece  con- 
assembly  adds  stability  and  life  to 
' Potentiometer.  Dual  units  can  be 
i (Model  DPWW-4). 


I 


dels  can  be  furnished  in  a range 
to  150.000  ohms.  Duals  require  1.780" 
behind  mtg.  surface.  Other  space 
ents  shown  above.  Switches  and 
windings  can  be  supplied. 


"Hitempcote"  serves  as  an  ideal  protecting 
cover  and  because  of  its  special  inorganic 
structure.  Trefz  Resistors  can  absorb  sud 
den  and  severe  overloads  for  a prolonged 
time  without  damage  to  the  coating.  A1 
winding  terminations  are  soldered  to  the 
tabs  and  the  best  of  materials  are  usee 
throughout. 


Extreme  care  is  used  in  all  steps  of  th< 
manufacturing  cycle  to  avoid  the  possibl 
entrance  of  extraneous  matter  which  migt 
later  cause  electrolytic  action  and  fine 
failure  of  the  Resistor. 


EXCLUSIVE  SAUSAGENTS, 
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VAnderbilt  6-3506 


Build  the  competitive 
advantages  of  longer  life 
better  performance 
Into  your  products  • • • with 


oprpTi 

HERMETIC  SEALS 


BuYERS  who  have  waited  through  the 
war  years  will  be  looking  for  big  im- 
provements in  your  products.  You’ll  have 
to  meet  civilians’  expectations . . . just  as 
you  have  met  military  specifications. 

You  can  do  it  by  building  longer  life, 
better  performance,  more  trouble-free  op- 
eration into  your  products.  That  calls  for 
Sperti  Hermetic  Seals,  the  rugged,  de- 
pendable, war-proved  seals  that  effectively 
shut  out  dust,  moisture  and  deteriorating 
agents. 

Sperti  Hermetic  Seals  are  durable,  one- 
piece  units,  easily  soldered-in  at  less  ex- 
pense. Because  of  Spcrti's  advanced  manu- 
facturing methods,  plus  exhaustive  tests 
and  inspections,  you’ll  get  "true"  seals 
that  cut  down  production  delays  and 
costly  rejects  in  the  inspection  line. 

IP RITE,  TODAY.  Get  the  facts.  Find 
out  about  the  many  product  applications 
of  Sperti  Hermetic  Seals  and  their  per- 
formance advantages. 


I AUTOMATIC  TUNING  (continutd) 

J dilator  tube  are  used  in  opposite 
arms  of  a bridge  while  small  thyra- 
trons  are  actuated  to  keep  the 
bridge  balanced  by  rotation  of  the 
reversible  motor  which  also  varies 
an  inductance  in  series  with  the 
load.  The  load  is  closely  coupled  to 
the  tank  circuit  with  all  tuning 
done  on  one  slope  of  the  first  hump 
of  the  resonance  curves.  The  load 
circuit  is  never  completely  tuned 
but  always  presents  a capacitive  re- 
actance to  the  tank  circuit. 

• • • 

Electrostatic  Paint  Spraying 
and  Detearing 

Electronic  gear  serves  in  the 
power-supply  section  of  equipment 
being  used  in  the  electrodepositing 
of  sprayed  paint  to  achieve  very 
uniform  coatings  and  to  reduce  the 
waste  of  material  from  that  com- 
mon in  ordinary  spraying  tech- 
niques. The  same  equipment  can 
be  used  to  detear  fatty  edges  on 
pieces  painted  by  the  dip  process. 

In  the  process,  an  electric  field 
is  set  up  around  the  article  to  be 
coated,  the  article  itself  being  at 
ground  potential.  The  field  is  es- 
tablished through  a series  of  elec- 
trodes consisting  of  fine  wires  whose 
surface  area  is  small  relative  to 
that  of  the  piece  of  work. 

These  electrodes  are  fed  rectified 
a-c  in  the  form  of  pulsating  d-c 
at  voltages  in  the  order  of  100,000. 
The  current  does  not  exceed  10  ma. 
In  any  individual  case  it  is  neces- 
sary to  balance  the  pressures  and 
orifices  of  the  spray  equipment 
against  such  other  factors  as  elec- 
trode spacing  and  conveyor  speed 
to  gain  the  greatest  efficiency.  Spe- 
cifically, the  objective  is  to  corre- 
late the  inertia  of  the  paint  particle 
with  the  intensity  of  the  electric 
field  through  which  it  is  moving. 

Technique 

For  a particular  setup  using  100 
kv,  the  developer  of  the  process — 
Harper  J.  Ransburg  Co.  of  Indian- 

1 aPolis,  follows  a rule-of-thumb 
formula  involving  No.  30  copper 
wires  suspended  vertically  and 


Incorporated,  Dept.  t-llS, 
Cincinnati  13,  Ohio 

DIVHOPMENT 


spaced  ten  to  twelve  inches  fron 
each  other  and  with  the  entire  elec 
;ure  eleven  inches  fron 
Standard  spray  gum 
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Hanoi  "9746” 

»U  Synthetic  Tubing 

Wotl 

Thklines)  Number 

.016"  9746-034 

6'  9746-038 

6’  9746-042 

6'  9746-047 

6’  9746-053 

6'  9746-059 

6'  9746-066 

6"  9746-076 

6'  9746-085 

6'  9746-095 

6'  9746-106 

,6'  9746-118 

6’  9746-133 

I V 9746-148 

16'  9746-166 

r 9746-  3 

KT  9746-  4 

30*  9746-  6 

53’  9746-  8 

53'  9746-10 

83'  9746-12 

53'  9746-14 

53'  9746-16 

> for  otl  aching  end  cou- 
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TRANSPARENT... 


ABRASION  PROOF  . . 


Amphenol's  Synthetic  Tubing  resists  oil . . . resists  grease 
resists  acids  and  alkalies  . . . extremely  flexible  . . . 
provides  easy  identification  of  wires  becasue  it  is  trans- 
parent ...  can  be  cut  at  any  point ...  not  subject  to 
tearing  or  abrasion. 

Amphenol's  Synthetic  Tubing  is  widely  used  by  man- 
ufacturers of  electronic  devices,  aircraft,  instruments 
and  appliances  to  lower  manufacturing  costs  and  in- 
sure lasting  efficiency  for  their  products . . . characteristics 
permit  wide  range  of  uses.  Write  for  full  details. 

AMERICAN  PHENOLIC  CORPORATION 

Chicago  50,  Illinois 

In  Canada  • Amphenol  Limited  • Toronto 
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U.H.F.  Cables  and  Connectors 
Conduit  • Fittings  • Connectors 
(A-N.,  U.H.F.,  British)  • Cable 
Assemblies  • Radio  Parts 
Plastics  for  Industry 


Digitized  by 


PAINT 


ilmoiit  mad»««  ond 
plant  Awtomcna.  obw'u'e 

^ ikiU»d  wg^rn  n>aVntalo'm« 

craw 

*'•«'«  '<out  p,°b‘ 

Ui«t  to  w'  ' 


vvrve 

"gaMV*  TO 

'"Know  "&ow 


I t„9,ov.d  «* 

o4<W»-  0fW“ 'J^^Jong th.  mony  *« 
bilHy  at  ll»OM«  y?  i5T  with  luUobte  mod.- 
S product*  no*  °IT,  your  po»twar  roqotro- 
ficotion*  K>  w;rln9  diagram!,  mitruc- 

m.nl.,  for  <»*“'»>  *'r’^  ’ll  typ...  Irt 

at,  n*rprnU:"v.p^ 

I £vr  °"d  onoff*c,*d 

w,  cllmotic  condition*. 


Vision  and  imagination  and  wid- 
est technical  knowledge  — the 
"know  how"  — are  essential  in 
a Fabricator.  But  this  alone  is  not 
enough.  You've  got  to  have  the 
facilities  and  resources  — the 
"can  do"  — to  follow  through. 

INSULATING  FABRICATORS 

has  the  "know  how"  plus  the 
"can  do"  to  solve  your  fabri- 
cating problems  and  deliver  the 
goods.  Our  plant  is  one  of  the 
largest  and  most  modern  in  the 
industry.  Our  raw  stock  of  Lami- 
nated Sheets,  Rods  and  Tubes  — ■ 
from  which  we  can  make  imme- 
diate shipment  — is  full  and 
complete.  We  are  equipped  with 
the  latest  automatic  machinery 
for  performing  every  fabricating 
.operation  from  cutting  to  punch- 
ing, drilling,  milling,  thread- 
| ing,  machining,  finishing 

and  engraving  with  utmost 
speed  and  accuracy.  Our 
H workers  are  skilled  and  ex- 
V perienced.  We've  got  the 
"can  do”  to  get  things 
done,  done  right  and  on 
time! 


9n4a&fau?,  FABRICATORS 

OF  NEW  ENGLAND,  INC. 

69  GROVE  STREET  V\  ■ n OWN  72,  MASS. 
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Many  years  of  experience  in  meeting  the  need 
of  the  users  of  wire  in  many  industries,  labora- 
tory research  and  a continuing  effort  to  develop 
the  finest  manufacturing  methods  and  devices 
■“this  has  made  Auto-Lite  the  quality  line  of 


wire  and  cable.  There  is  a full  range  of  sizes, 
shapes  and  materials  for  every  wiring  need. 

Should  new  designs  present  unusual  problems 
for  wire  in  your  product,  take  advantage  of  this 
Auto-Lite  engineering  experience.  Just  write  to 


THE  ELECTRIC  AUTO-UTE  COMPANY 

font  HURON,  MICH.  W*»  and  Cobto  DhrMon  T, , » „ A y c , 00  P M O N C . B. 

, IN  THE  AUTO-LITE  RADIO  SHOW  STARRING  DICK  HAYMES  - SATURDAYS  8.00  . 
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This  is  the  Waugh  Metal  Analyzer  (above 
and  below).  It  gives  an  instantaneous  in- 
dication of  the  hardness,  grain  structure 
and  other  properties  of  ferrous  materials 
on  which  it  is  used.  It  performs  this 
scientific  feat  by  means  of  magnetic 
analysis  and  employs  many  precise  elec- 
tric circuits  in  its  hook-up.  These  cir- 
cuits are  connected  and  test  units  are 
plugged  in  through  various  Cannon 
Connectors— indicated  in  the  rear  view 
of  the  open  cabinet.  Both  plug  and  re- 
ceptacle types  are  shown. 

Wherever  you  need  a quick,  positive 
and  secure  connection  in  the  electric 


circuits  of  the  instruments  you  use  or 
the  products  you  manufacture,  use  Can- 
non Connectors.  There  are  thousands 
of  stock  styles  and  sizes  to  choose  from 
and  a staff  of  experienced  engineers  to 
develop  special  Cannon  Connectors  for 
your  use  if  need  be. 

fA  Type  "K"  Cannon  Con- 
nector with  integral  clamp 
is  pictured  at  left.  Write  for 
a Type  "X”  Cannon  Catalog 
to  get  a general  introduction 
to  this  Cannon  line.  Address 
Department  A-I20,  Cannon 
Electric  Development  Co., 
J309  Humboldt  St.,  Los  Angeles  jj,  Calif. 


MAZIN6  OPERATIONS 

heartbreaking  anode  failure  during 
final  tube  performance  tests.  When- 
ever  anode  failure  occurs  in  final 
test,  hundreds  of  machine-hours  . 
and  scores  of  man-hours  (invested 
in  intricate  glass  working  and  tube 
assembly)  are  forfeited  at  the  last 
minute. 

At  the  Radio  Tube  Division  of 
Federal  Telephone  and  Radio  Corp, 
Clifton,  N.  J.,  both  rejections  and 
time  have  been  saved  by  ingenious 
adaptations  of  gas-air  combustion 
in  replacement  of  conventional  oxy- 
gas  techniques  at  two  vital  points 
of  manufacture.  First,  open  rings 
of  special  ceramic-cell  gas  burners 
have  been  adapted  to  silver-braze 
the  heavy  copper  collar  on  the  flared 
anodes.  Second,  an  unusual  gas- 
fired  furnace  serves  to  keep  both 
the  finned-radiator-assembly  and 
the  anode  of-  the  finished  tube  uni- 
formly at  proper  temperature  for 


FIG.  1— Flared  copper  anode*  of  Ugh-  | 
power  transmitting  tube*  are  loln*d  to  l 
a seating  ring  by  flowing  *Uver  oHoy  | 
wire  Into  the  lolnt  | 

long  periods  while  cadmium  or 
other  solder  is  being  puddled  and 
flowed  for  perfect  bonding  of  the 
two  elements  into  one  assembly. 

Should  an  air  pocket  develop,  un- 
detected, in  either  joint,  a localized 
concentration  of  heat -in  that  vi- 
cinity  during  final  tube  test  w* 
cause  the  tube  to  fail. 

Anode  Collar  Bracing  Technique 

In  Fig.  1 is  illustrated  the  method 
of  joining  the  seating  ring  to  e 
flared  copper  anode  by  flowing  si 
ver  alloy  wire  into  the  joint  during 
rotation  at  a temperature  of  12  ■ 

The  flared  anode  is  set  on  a sp  me 

Norember  1 945  - ELECTRONICS 


CANNON  ELECTRIC 

Comor  Electric  Development  Co.,  los  Aegeles  31,  Calif. 

Canadian  Factory  and  Engineering  Office: 

Cannon  Electric  Company,  Limited,  Toronto 

REPRESENTATIVES  IN  PRINCIPAL  CITIES  - CONSULT  YOUR  LOCAL  TELEPHONE  BOOK 
344 
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HERE’S  THE  FULL  STORY 


SEND  FOR  IT  TODAY.. . 


In  a DETAILED,  8-page  bulletin  now  available,  Raytheon  Manu- 
facturing Company  tells  the  complete  story  about  the  dependable 
Raytheon  Voltage  Stabilizers.  These  trouble-free  magnetic-type 
units . . . with  no  moving  ports  to  get  out  of  order ...  stabilize  AC 
from  ordinary  voltage  sources  to  within  plus  or  minus  a half  percent, 
throughout  their  full  rating. 

The  bulletin  includes  such  useful  information  as  electronic 
applications,  performance  features,  principles  of  operation,  operat- 
ing  characteristics,  graphs,  specifications  of  the  three  immediately 
available  designs,  cased,  uncased,  and  endbell,  and  a price  list. 

We  urge  you  to  send  for  your  copy  promptly.  Ask  for  Bulletin 
DL48-537,  and  address  your  request  to  Raytheon  Manufacturing 
Company,  Electrical  Equipment  Division,  Waltham  54,  Mass. 

B-ECTRONICS — Nonmber  IMS 
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MANUFACTURING  COMPANY 

WALTHAM  54.  MASS.  * 

. 

ELECTRICAL  EQUIPMENT  DIVISION 

Sx cei/enc*  in  fiec/ionicd 
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MODERN  CONDENSER  PLANT 

with  these  outstanding  features 

★ 1,000,000  VOLT  RESEARCH  LABORATORY 

★ VERY  LATEST  PRODUCTION  EQUIPMENT 

★ SPECIALIZED  WAR-LEARNED  TECHNIQUES 

From  this  new  ultra-modern  factory  come  capacitors 
carefully  engineered  and  accurately  produced.  Staffed 
by  skilled  engineers  and  backed  by  16  years  of 
technical  progress,  Industrial  Condenser  Corp.  is  sup- 
plying capacitors  for  every  application.  If  your  speci- 
fications call  for  Electrolytic,  Paper,  Oil,  or  Motor 
capacitors,  look  to  Industrial  Condenser  Corporation. 


INDUSTRIAL  CONDENSER 

CORPORATION 

J243-65  NORTH  CALIFORNIA  AVENUE,  CHICAGO  18,  U.  S.  A. 

District  Offices  in  Principal  Cities 

PAPER,  OIL  AND  ELECTROLYTIC  MOTOR  CAPACITORS 
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BRAZING  OPERATIONS  (cortiiwd; 

conical  spindle  which  rotates  at  15 
rpm  and  is  constantly  fed  with  com- 
pressed air.  The  air  escapes  be- 
tween the  splined  conical  surface  of 
the  spindle  and  the  inside  of  tie 
anode-flare,  thereby  cooling  the  thin 
section  of  the  flare  and  localizing 
the  heat  from  the  gas  burners  solely 
at  the  joint. 

Each  of  the  eight  ceramic-lined 
burners  (which  are  stationary 
around  the  rotating  assembly)  is 
constructed  as  shown  in  Fig.  2.  A 
carefully  regulated  mixture  of  gas 
and  air  is  supplied  under  pressure 
to  each  burner,  and  burns  from  the 


FIG.  2 — Construction  of  a commlc-Bned 
burner  used  for  heating  the  John.  Is 
operation,  many  tiny  flame,  Issus  frost 
the  ports  to  produce  undiluted  heat  at 
the  slot  at  top 

many  tiny  ports  in  the  ceramic  plate 
deep  in  the  interior  of  the  ceramic 
cell.  Thus  combustion  is  totally 
confined,  and  the  cell  interior  rises 
to  white-hot  temperatures.  This 
complete  surrounding  of  the  burn- 
ing gas  and  air  with  incandescent 
refractory  surfaces  tends  to  accel- 
erate the  combustion  reaction.  Con- 
sequently, only  hot  combustion 
products  (undiluted  by  cold  sur- 
rounding air)  issue  from  the  outle 
slot  of  the  burner  and  impinge 
upon  the  work.  No  flame,  as  sue  . 
touches  anode,  collar  or  brazing 
alloy.  . . , 

The  burners  are  so  jxisitionec 
that  they  fire  into  the  joint  at  a” 
angle  of  45  degrees,  both  above 
below  the  collar.  Because  of  e 
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BALLENTINE 


The  Ballentine  Phonograph  Drive  is  designed  for 
just  one  purpose-to  provide  a reliable  mechanism  with  the 
least  possible  background  noise  or  rumble. 

The  high  degree  of  perfection  achieved  by  the  Ballentine 
Phonograph  Drive  is  the  result  of  precision  dynamic 
balance,  excellence  of  design,  rigid  adherence  to  close  toler- 
ances plus  modern  manufacturing  methods  and  equipment. 
Send  today  for  descriptive  folder  on  the  Quiet 
RALLENTINE  Phonograph  Drive. 


RUSSELL  ELECTRIC  COMPANY 

364  W.  HURON  STREET,  CHICAGO  10,  ILL. 


BALLENTINE  PHONOGRAPH  DRIVE 
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Variaten 
Gain  Set 
1901 -B 


As  necessary  to  perfect 
Amplifier  performance  as 
the  fourth  leg  to  a dog! 

You  can't  have  perfect  performance  in  amplifying  or  other 
speech  transmission  without  knowing  the  efficiency  and  per- 
formance of  each  unit  in  the  installation. 

With  a Variaten  Gain  Set  you  can  (1)  measure  the  total 
amplification  of  an  amplifier;  (2)  measure  the  gain  at  all  fre- 
quencies to  determine  whether  there  is  discrimination  against 
any  part  of  the  fiequency  spectrum;  (3)  measure  the  power 
output  of  any  amplifier;  (4)  measure  frequency  response  of 
transmission  lines  in  absolute  quantities ; (3)  check  all  control 
equipment— in  fact,  quickly  make  a quantitative  analysis  of  any 
part  of  the  audio  frequency  spectrum. 

Unvarying  accuracy  is  all-important.  Variaten  Gain  Set,  Type 
1901-B  (shown  above)  has  a flat  frequency  characteristic  of  0 
to  20  kilocycles,  and  leakage  is  guaranteed  to  be  less  than 
l /10th  db.  (Measurements  have  been  made  at  frequencies  as 
high  as  100  kilocycles  with  practically  no  error.) 

Variaten  Gain  Set  1901-B  is  equipped  with  both  send  and 
receive  impedance  matching  controls  for  both  Straight  T and 
Balanced  H circuits.  This  dependably  accurate  instrument  can 
be  supplied  with  either  one  or  two  meters. 

Write  today  for  complete  data  on  Type  1901-B  and  other 
Variaten  Gain  Sets. 


Other  Variaten  products— 

Attenuators,  Mixers,  Resis- 
tors, Matching  Pads  and  other 
precision  sound  equipment 
meet  the  most  exacting  speci- 
fications. Catalog  on  request. 


CINEMA  ENGINEERING  CO. 

Establ  is  hed  1935  • Burbank  • California 
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close  spacing  to  the  work  dune? 
the  heating  period,  they  must  Ik 
racked  back  radially  from  the  work 
for  purposes  of  loading  and  unload- 1 
ing.  The  shutter-like  mechanise 
for  this  withdrawal  of  the  burns; 
during  loading  and  unloading  can 
be  seen  at  table-top  level  in  tit 
drawing. 

Fluxing  is  by  brush  with  Handy- 
flux.  Gas  consumption  is  at  a rate 
of  approximately  130,000  Btu  per 
hour.  The  gas-air  supply  to  the 
burners  is  carbureted  with  air  in  a 
Selas  combusion  controller  (of 
3500  cu  ft  of  mixture  per  hour  ca- 
pacity) which  incorporates  its  own 
blade-type  positive  displacement 
compressor.  Total  fuel  input  to  the 


FIG.  3— Anodes  lor  small  air-cooled  , 
transmitting  tubes  are  braied  wilh  a 
smaller  number  ol  burners 


burners  is  visually  metered  throug 
a Flo-scope  so  that  exactly  repro- 
ducable  combustion  conditions  nW 
be  assured  from  braze  to  braze. 

After  a braze  is  completed  and 
the  joint  frozen,  the  assembly  is 
placed  in  cold  water,  not  only 
cooling  and  flaking  away  excess 
flux,  but  to  limit  crystal  growth  in 
the  copper  anode. 

The  set-up  was  designed  by  Fed- 
eral's Tube  Division  in  cooperation 
with  Selas  Corporation  of  America, 
manufacturers  of  the  gas-air  mi* 
ing  and  combustion  equipment  m 
volved.  A similar  arrangemen 

shown  in  Fig.  3 is  employed  for  <» 
smaller  size  anodes. 

Flexibility  of  both  brazing 
is  important  because  Federal » 
fnetiires  no  less  than  75  di  o 
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Years  of  extensive  engineering  experience— modern  facilities,  pre- 
cision equipment,  and  an  organization  of  skilled  designers  and  fab- 
rication experts — enable  George  K.  Garrett  Company  to  offer  a 
remarkably  complete  service  in  metal  stampings  for  every  indus- 
trial purpose. 

Our  completely  equipped  stamping  department,  together  with  heat- 
treating  and  finishing  departments,  will  turn  out  — to  your  exact 
specifications — any  quantities  of  stampings  from  steel,  aluminum, 
alclad,  brass,  monel  metal,  stainless  steel,  copper  and  other  metals. 
Prompt  deliveries  on  large  or  small  orders  are  assured. 

Your  particular  problem  or  requirements  will  receive  our  imme- 
diate attention! 

GEORGE  K.  GARRETT  CO.,  INC.  / 

1421  CHESTNUT  STREET,  PH  I UADEIPH I A 2,  PA.  / 
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It's  easier  to  make  neces- 
sary design  changes  in  prod- 
ucts where  Walker-Turner 
Flexible  Shafting  is  used  for 
remote  control  and  light  power 
transmission,  instead  of  com- 
plicated gear  systems.  The 
designer  has  fewer  inflexible 
elements  to  tie  his  hands,  for 
flexible  shafting  can  readily 
be  placed  to  suit  the  position- 
ing of  other  components. 

Walker-Turner  Flexible  Shaft- 
ing is  designed  and  built  to 
give  smoother  power  flow, 
more  sensitive  control  and 
trouble-free  operation.  Our 
long  years  of  manufacturing 
experience  insure  that.  Write 
today  for  new  catalog. 

WALKER-TURNER  COMPANY,  INC. 

PLAINFIELD  NEW  JERSEY 


BRAZING  OPERATIONS  (contmi*4 

transmitter  tubes  from  50  watts 
to  200  kw  in  size.  About  eight  dif- 
ferent anode  types  are  involved, 
varying  in  wall  thickness  from 
0.060  to  0.500  inch.  All  anodes  are 
of  cold-worked  oxygen-free  copper, 
and  each  anode  is  individually 
checked  under  the  metallograph  for 
maximum  grain  size. 

Although  the  primary  virtue  of 
the  procedure  described  is  that 
trouble-free  joints  are  easily  ob- 
tained without  skilled  labor  and  at 1 
low  fuel  costs,  it  is  interesting  to 
observe  that  it  is  now  possible  to 
complete  a braze  within  1}  minutes 
which  formerly  took  over  20  min- 
utes by  manual  oxy-gas  torch 
methods. 

Soldering  Anode  Into  Radiator 

After  an  anode  has  been  brazed 
to  its  collar,  machined  and  welded 
onto  the  glass  tube,  and  all  internal 
tube  construction  has  been  com- 
pleted, a final  bonding  of  the  radi- 
ator fin  assembly  in  uniform  ther- 
mal and  electrical  contact  with  the 
entire  external  anode  surface  must 
be  effected. 

Procedure  here  is  delicate,  ex- 
acting and  vital.  The  steps  are  as 
follows:  The  radiator  assembly  is 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


FIG.  4— Lowering  the  tube  inl°  ** 

radiator  assembly  lor  soldering 

lowered  by  chain  into  an  empt) 
sheet-metal  pot  centrally  loca  e 
the  small  gas-fired  furnace  so 
in  Fig.  4.  The  pot  is  stepped  out 
larger  diameter  above  the  top  sl' 
face  of  the  furnace,  thereby  Pr0' 
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ANOTHER  WILCO  DEVELOPMENT 


SILVER 

IACKETED  WIRE 

WILCO  Silver  Jacketed  Copper  Wire  now  widely 
used  for  coils  in  Short  Wave  Radio  Communi- 
cations Systems. 

PROPERTIES  AND  CHARACTERISTICS  — WILCO  Silver 
Jacketed  Copper  Wire — an  economical  non-corroeive 
wire  with  solid-silver  characteristics — is  used  success- 
fully in  many  electronic  applications,  where  high  fre- 
quency currents  are  a problem.  Another  WILCO  jacketed 
type  combines  great  physical  strength  with  high  con- 
ductivity. A third  unites  stamina  with  highly  desirable 
slectrical  characteristics.  In  fact  there  is  almost  no 
limit  to  WILCO  facilities  for  combining  metals  of  widely 
liffering  physical  and  electrical  properties  to  meet 
individual  engineering  needs. 

Gold,  silver,  copper,  brass,  bronze,  iron,  steel,  nickel, 
monel  and  invar,  are  all  utilized  in  producing  WILCO’S 
uniform,  non-porous,  securely  bonded  jacketed  wire 
and  rolled  strip. 


WILCO  PRODUCTS  INCLUDE: 


CONSULT  OUR  ENGINEERING  DEPARTMENT— Write 
our  Engineering  Department  for  help  in  developing  the 
proper  application  of  WILCO  materials  to  your 
products. 

SEND  for  WILCO  BLUE  BOOK— The  Blue  Book  con- 
tains charts,  formulae  and  full  descriptions  of  all 
Jacketed  Materials  and  other  WILCO  products.  Send 
for  FREE  copy  today. 


Contacts— 

Silver 

Platinum 

Tungsten 

Alloys 

Sintered  Powder  Metal 

Thermostatic  Bimetal— 

High  and  Low  Tempera- 
ture with  new  high  tem- 
perature deflection  rates 


Bredovs  Metal  Collector  Rings — 

For  rotating  controls 

Silver  Clod  Steel 
Jacketed  Wire- 

Silver  on  Steel,  Copper, 
Invar  or  other 
combinations  requested 

Relied  Gold  Plate 

Special  Materials 


THE  H.  A.  WILSON  COMPANY 

105  Chestnut  Street,  Newark  5,  N.  J. 

Branch  Offices : Chicago  • Detroit  • Los  Angeles 

SPECIALISTS  FOR  30  YEARS  IN  THE  MANUFACTURE  OF  • THERMOMETALS 
ELECTRICAL  CONTACTS  • PRECIOUS  METAt  BIMETALLIC  PRODUCTS 
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Should  future  developments  in 
electronic  communications 
(either  audio  or  video)  require 
vertical  radiators  of  extreme 
height  look  to  Blaw-Knox  for 
the  kind  of  structural  engineer* 
ing  which  will  assure  the  suc- 
cess of  such  towers.  y 

Thousands  of  installations, 
ranging  from  66  ft.  to  10OO  ft., 
are  ample  proof  thaey6a  can 
rely  on  Blaw-Knox^for  com- 
plete responsibj UtvAst  the  fabri- 
cation, erecjibiyfnd  testing  of 
complete^ntedna  systems. 

BL£W-|fNOX  DIVISION 

Of  Bl/w-KNOX  COMPANY 
''2077  FARMERS  BANK  BIDG. 
/PITTSBURGH  • PENNSYLVANIA 
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ing  a ledge  upon  which  rests  a sheet 
metal  ring  for  support  of  the  radi- 
ator assembly.  The  pot  is  provided 
with  a cover  and  purified-nitrogen- 
gas  supply  lines.  A full  hour  is 
taken  to  bring  the  radiator  slowly 
to  heat,  at  which  time  the  wei 
within  the  radiator  assembly  is 
fluxed  and  loaded  with  four  bars  of 
solder.  This  solder  melts  and  the 
anode  end  of  the  costly  finished  tube 
is  slowly  maneuvered  down  into  the 
well.  This  operation  is  shown  in 
Fig.  4 and  5. 

It  is  at  this  point  that  extreme 
manipulative  care  is  important  (1) 
to  prevent  the  entrapment  of  air 
bubbles,  (2)  to  provide  complete 
fluxing  of  both  well  and  anode  sur- 


PIG.  S — A weight  on  top  of  the  tab* 
maintains  constant  prsssurs  to  fores 
ths  anods  into  the  radiator 

face,  and  (3)  to  insure  good  wet- 
ting of  all  surfaces  with  solder. 
When  cadmium  solder  is  used  the 
bonding  temperature  is  320  C. 

All  in  all,  over  1$  hours  are  re- 
quired after  the  anode  has  been 
lowered  into  place  to  flux  and  add 
approximately  li  bars  of  additional 
solder.  During  this  1}  hours, 
weights  are  placed  upon  the  top  of 
the  tube  (see  Fig.  5)  to  force  the 
anode  home.  Air  bubbles  are  caused 
to  rise  and  be  eliminated  by  work- 
ing the  tube  with  a rotary  motion 
into  the  hole,  and  by  the  long  period 
of  solder  flooding.  After  the  joint 
is  considered  perfect,  the  furnace  is 
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Free  Offer  ! . . .with  a 

(small)  Catch  to  it ! 


If  you  am  a businessman  with  a yen 
to  know  more  about  plastics,  you’ll 
want  your  free  copy  of  this  illustrated 
booklet  It  tells  what  plastics  will  do. 
It  even  tells  what  they  won’t  do.  It  tells 
how  to  go  about  getting  complete  data 
on  your  project  It  goes  on  to  describe 
production  functions  from  design 
through  the  finishing  stages — and  bow 
to  make  use  of  rhem- 
es for  the  designer,  the  design  engi- 
neer and  the  professional  purchaser— 
men  who  know  plastics  from  living 


with  ’em — there’s  something  here  for 
you,  too.  Not  technical  data  on  design 
or  materials— which  would  only  get 
the  once  - over  - lightly  treatment  in  a 
booklet  like  this  anyway.  We  mean 
information  on  the  kind  of  thinking 
and  equipment  offered  by  a long* 
established  but  progressive  moider  who 
would  like  consideration  as  your  soured 
of  supply. 

The  catch ? Well,  after  you’ve  read  it, 
you  may  want  Kurz-Kasch  to  figure  a 
job  for  you.  Is  that  bad?  We  can  name 


plenty  of  manufacturers  who  don’t 
think  so.  Fill  in  the  coupon  and  attach 
it  to  your  letterhead.  Get  a free  copy 
of  "A  Businessman’s  Guide  to  the 
Molding  of  Plastics” — and  test  your 
will  power! 


Kurz  -Kascli 


For  Over  25  Years  Planners  and  Molders  in  Plastics 

Kurx-Kosch,  Inc.,  1415  South  Broodway,  Dayton  1,  Ohio  o Branch  Salat  Oncost 
Now  York,  Chicago,  Detroit.  Indianapolis,  Los  Angolas,  Dallas,  St.  Louis, 
and  Toronto,  Canada  • f *P<>rt  OBfcat:  89  Broad  Stroot,  Now  York  City, 


Modern  thermostatic  bimetals — of  the 
nickel-chrome-steel  type  developed  by 
Chace — are  frequently  called  upon  to  do 
exacting  jobs  under  extremes  of  heat  and 
cold. 

The  bimetal  element  governing  the  safety 
pilot  in  a gas  stove  must  operate  perfectly 
in  a flame  temperature  of  1200°  F.  The  bi- 
metal element  of  a meteorological  instru- 
ment at  high  altitudes  must  operate  perfectly 
at  100°  F.  below.  In  aviation  instruments, 
the  actuating  element  must  respond  in- 
stantly and  unfailingly — whether  the  plane 
is  climbing  through  swiftly  changing  tem- 
peratures, is  flying  upside  down,  or  is  shoot- 
ing ahead  at  400  miles  an  hour. 

Whatever  your  temperature  responsive  de- 
vice may  be — and  however  difficult  its 
operating  conditions— you  will  find  among 
Chace  Thermostatic  Bimetals  one  precisely 
suited  to  your  needs. 

There  are  35  types,  each  of  which  offers 
specific  advantages  to  appliance  or  control 
manufacturers.  Sold  in  sheets,  strips,  and 
finished  forms. 
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shut  off  and  the  assembly  allowed 
to  cool  and  freeze  slowly. 

The  entire  sequence  of  operations 
takes  about  five  hours.  During  the 
entire  period  at  heat,  about  20  lit- 
ers per  minute  of  purified-nitrogen- 
gas  are  forced  through  the  space 
around  the  radiator  and  under  the 
furnace  pot  cover.  This  is  to  mini- 
mize oxidation  of  the  radiator  fins. 
However,  it  is  now  felt  that  this 
protection  is  not  sufficient  to  elim- 
inate the  necessity  for  final  chem- 
ical cleaning  of  the  radiator  surface 
before  tube  shipment,  and,  there- 
fore, it  is  intended  in  the  future  to 
eliminate  all  nitrogen  purging,  let 
corrosion  take  its  course  on  the 
outside  of  the  radiator-assembly, 
and  rely  on  chemical  cleaning  en- 
tirely. 

• • e 

Electronic  Balancer 
for  Rotating  Parts 

Quartz  crystal  pickups,  cathode- 
ray  indication  of  angle  and  force  of 
unbalance,  and  phototube  speed 
measurement  are  features  of  the 
balancing  machine  shown  in  the 
accompanying  illustration. 

The  rotor  to  be  tested  and  cor- 
rected mounts  on  the  unit  at  the 
left  where  it  is  brought  up  to  speed 
and  held  there  by  means  of  com- 
pressed air  driving  a turbine  wheel. 
Rotor  speed  is  selected  by  a control 


Parts  to  be  balanced  are  monnled  let 
test  on  the  setsmically  suspended  pW- 
form  at  left.  The  electronic  equipment 
In  the  cabinet  at  riqht  includes  a c-r 
tube  indicator  and  a phototube  tachom- 
eter 
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the  full  protection  of  Barry  Engineered  stock  and  vibration  control. 

Barrymounts,  engineered  to  the  Application,  have  already  proved  themselves  in  war  for  shipboard, 
mobile  and  airborne  adplications.  Now,  they  are  ready  to  prove  themselves  commercially  in 
airborne  and  marine  electronics  mobile  radio  and  train  communications,  portable  test  and  industrial 
control  equipment. 

Delicate  tube  filaments,  precist  measuring  instruments  and  other  critical  components  live  longer  and 
perform  better  when  whole  imtallcfiont  are  isolated  by  Barrymounts.  By  using  them  intelligently  on  elec- 
tronic units,  your  equipmer / can  achieve  competitive  superiority. 

Barry  engineers  are  experts  in  the  highly  specialized  fields  of  vibration  isolation,  impact  absorption, 
ond  the  correction  of  torsional  ybration  conditions.  If  faced  with  product  or  production  problems  involving 
the  control  of  these  conditions — call  in  a Barry  vibration  engineer  at  once.  There  is  no  obligation. 


TYPE  AVA*  VIBRATION  ABSORBER 


BARRY  <32^ 

SHOCK  & VIBRATION  CONTROL 
L.  N.  BARRY  COMPANY 


ONE  Of  THE  BARRYMOUNTS  FOR  USE  ON 


173  SIDNEY  STREET 
CAMBRIDGE  3 9,  MASS. 


Aircraft  Equipment 
Sound  & Signal  Systems 

Mors  t lastnnnts 


Radio  & Radar  Apparatus 
Industrial  Electronics 

PirtaUf  Tist  Eqiipmit 


WAH-TestEp  pefiC*- 


*n»  mut  Met  meets  Navy  Spec.  He.  UV1  IRE) 
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• Motor  insulating,  coil  winding,  holding,  etc.  are 
speeded  up  and  simplified  by  time-saving  methods  made 
possible  with  “SCOTCH”  Electrical  Tape.  Whatever  the 
requirements— high  dielectric  and  tensile  strength,  extra 
firm  adhesive  for  edging  slot  insulation,  maximum  re- 
sistance to  corrosion,  moisture,  electrolysis — there  is  a 
type  of  “SCOTCH”  Electrical  Tape  possessing  all  of  the 
necessary  qualities. 

Our  new  book  on  “SCOTCH”  Electrical  Tapes  shows 
actual  samples,  photos  of  interesting  installations — tells 
the  whole  story  about  the  most  complete  line  of  electrical 
tapes  available  today— “SCOTCH"  Electrical  Tapes.  To  get 
a copy  for  your  reference  file,  use  the  coupon  below. 


MINNESOTA  MINING  A MANUFACTURING  COMPANY 
900  Fauquier  Avenue.  Saint  Paul  6.  Minnesota 


SPEED  UP,  SIMPLIFY  Coil  Winding 
. . . Motor  Insulating . . . Holding . . . 


WITH  Scotch^wtapes 

(HAND 


Please  send  us  a free  copy  of  your  new  book  on  "SCOTCH"  Electrical  Tapes.  E1I45 


Firm. 


Street, 


-Zone Stale. 


\ 


Signed 

“SCOTCH"  it  the 


- 

trade- mnk  1st  it*  ut.gr>  Ts.cs  Ur  „ the  U.  S.(L  tg  NunesMs  Mina,  M Ml,  Cm.1., 


at  the  upper  right  of  the  right- 
hand  unit  with  standard  speeds  of 
900,  1200,  3000,  3,600,  4260,  6000, 
7200,  8600,  and  12,000  rpm.  Actual 
speed  is  indicated  on  a meter. 

Mechanical  tachometer  connec- 
tions are  obviated  by  a system 
comprising  a phototube  excited  by 
the  drive  wheel  and  responding  to 
the  number  of  blackout  impulses 
per  minute.  The  meter  reads  from, 
0 to  200  percent. 

The  revolving  rotor  is  supported 
in  a rigid  frame  which  is  deflected 
no  more  than  a few  millionths  of 
an  inch  even  at  the  highest  unbal- 
ance possible.  Unbalance  forces  are 
transmitted  to  load-sensitive  cap- 
sules incorporating  quartz-crystal 
disks  and  there  translated  into 
piezoelectric  voltages.  Amplified 


Sim-war*  Irac*  obtained  on  flw  «crtm 
of  tho  cathod*-ray  tub*  of  th«  EUceo- 
dynascop* 


through  suitable  electronic  circuits, 
these  voltages  appear  on  the  screen 
of  the  recessed  cro  tube  where  they 
can  be  expressed  as  ounce-inches 
or  in  depth  of  drilled  or  milled  hole 
necessary  for  correction. 

Either  single-plane  unbalance  or 
that  in  two  planes  can  be  indicated, 
the  planes  being  chosen  by  the  po- 
sitioning of  the  two  pickup  cap- 
sules into  the  planes  where  it  is 
convenient  to  make  the  necessary 
corrections.  Milling  cutters  or  other 
correction  tools  can  be  mounted  di- 
rectly on  the  balancing  platform  so 
the  rotor  can  be  corrected  and  then 
rechecked  without  the  necessity  o 
its  removal  from  the  equipment 


Interpreting  Trace 
A typical  oscilloscope  trace  is 


tuniMAf  a/I  T *■  nvVl 
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ELECTRONIC  BALANCER 


(continu«o 


NOW  READY  TO  WORK  FOR  YOU 


..production  facilities 


(Jnionair,  which  has  been  engaged  throughout  the 
war  in  the  development  and  manufacture  of  devices  for 
the  Navy’s  rocket  program  as  well  as  parts  for  aircraft 
manufacturers,  now  can  offer  a portion  of  its  facilities 
to  industrial  and  aircraft  companies  for  subcontracting. 

Our  facilities  include  Engineering  Dept.;  Tool  Dept.; 
Screw  Machine  Dept.;  Metal  Stamping  Dept.;  Assembly 
Dept.;  and  Inspection  Dept. 

We  are  interested  in  producing  parts  which  would 
engage  any  or  all  of  these  departments. 

All  of  the  effort  and  diligence  which  have  gone  into 
backing  up  the  phrase,  "Unionair  Responsibility”  is 
now  available  to  you  for  production  of  your  parts  or 
completely  assembled  units.  Send  us  your  prints  or 
write  for  a conference  to:  Union  Aircraft  Products 
Corporation,  245  East  23rd  Street,  New  York  10,  N.Y. 


Electrical  Assemblies  — Hydraulic  Fittings 
Conduit  Fittings  — Junction  Boxes 

UNION  AIRCRAFT  PRODUCTS  CORP  NEW  YORK 


indication  whose  highest  ordinate, 
in  this  case  20.5,  represents  the 
amount  of  unbalance  and  whose 
lowest  peak  is  read  on  the  abscissa 
scale  as  150  deg.  This  reading  pro- 
vides the  angle  at  which  correction 
is  to  be  made  relative  to  a fixed 
pointer  and  a protractor  on  the 
driving  head. 

Because  of  the  rigid  mounting  ol 
the  rotor,  unknown  inertia  and  dy- 
namic forces  are  negligible  and 
indications  are  not  affected  by  the 
mass  or  mass  distribution  of  the 
balancing  table.  The  calibration  of 
the  unit  remains  constant  for  all 
weights  of  rotors  within  the  capac- 
ity of  the  machine  according  to 
engineers  of  Gyro-Balance  Corp, 
the  manufacturers.  Use  of  a cro 
screen  for  indication  makes  it  pos- 
sible to  detect  as  distortions  of  the 
sine  wave  those  forces  which  do 
not  arise  from  unbalance — for  in- 
stance, bearing  defects. 

Vibration  insulation  of  the  m» 
chines  makes  it  possible  to  mount 
them  on  any  kind  of  floor.  The  en-  | 
tire  balancing  platform  assembly 
is  on  a heavy  concrete  base  seis- 
mically  suspended  in  a light  outer 
frame,  an  arrangement  which  stops 
transmission  of  forces  in  both 
directions. 


• • • 


AUTOMATIC  ELECTRONIC 
BRAZING 


Uitd  in  the  brazing  oi  metal  azzemblle*. 
thie  twenty-four-ztatlon  circular  index- 
lag  carrier  permit,  the  completion  ol 
one  piece  each  twelve  recoil di.  T» 
operator  merely  load*  the  *talloo*  “ 
they  come  around  empty,  ejection  bew 
performed  by  the  vertically-op***0’ 
mechanism  which  follow*  the  tbrH 
water-cooled  induction  coils.  Th»  001 
rier  can  be  applied  to  any  "S  Cwro 
gated  Quenched  Gap  Co. 
generator  rated  between  5 and  100 
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PULSING  DRIVE 

If  a small,  simple,  rugged  de- 
vice for  highly  accurate  remote 
positioning  and  may  be  used  with 
any  reversible  motor.  It  offers  a 
precise  control  of  the  extent  of 
motion,  as  well  as  direction  of 
rotation,  far  surpassing  the  lim- 
its of  ordinary  toggle  or  two 
button  switches.  These  units  find 
wide  application  in  precise  tun- 
ing of  radio  and  television  trans- 
mitters and  receivers  as  well  as 
in  diversified  types  of  industrial 
equipment. 

CONTINUOUSLY 
VARIABLE  CONTROLS 

provides  a means  of  continuously 
positioning  a remote  load  through 
one  or  many  revolutions.  The  load 
may  be  moved  forward,  back- 
word  or  stopped  in  any  position 
with  high  accuracy.  Any  move- 
ment of  the  control  knob  results 
in  a corresponding  movement  of 
the  load.  Types  available  include 
synchronous,  non-synchronous, 
low  or  high  torque  with  or  with- 
out automatic  scanning.  Accu- 
racy to  1/100  of  a degree  is 
possible. 

SPOT  TUNER 

makes  it  possible  to  rotate  a re- 
mote shaft  to  any  one  of  six  to 
ten  predetermined  positions.  Push 
button  selection  is  provided  for 
each  position.  All  positions  are 
easily  and  quickly  adjustable  to 
any  point  within  the  180“  con- 
trol range.  This  system  is  par- 
ticularly applicable  to  high 
precision  tuning  of  radio  and 
television  equipment.  Accuracies 
to  one  part  in  18,000  are  en- 
tirely feasible. 

MULTI-REVOLUTION 

SELECTORS 

remotely  rotate  a load  to  any 
one  of  several  spots  through 
from  one  to  a number  of  revolu- 
tions. Push  buttons  are  provided 
for  all  positions.  Positions  are 
easily  adjustable  to  any  desired 
location  through  the  range  of 
the  unit.  These  controls  permit 
extreme  accuracy  in  positioning 
the  load.  Accuracies  to  one 
part  in  1,000,000  are  not  un- 


DUAL  CONTROLS 

combine  the  features  of  the  con- 
tinuously variable  control  with 
those  of  the  automatic  selectors. 
The  control  head  is  provided 
with  a knob  for  continuous  posi- 
tioning of  the  load.  Any  move- 
ment of  the  knob  is  followed 
by  a corresponding  movement  of 
the  load.  In  addition,  a bank 
of  push  buttons  permits  auto- 
matic positioning  of  the  load  to 
a number  of  preset  locations. 
These  load  positions  may  be 
easily  adjusted  and  re-located  to 
any  point  within  the  range  of 
rotation. 

MISCELLANEOUS 

YARDENY  devices  include  those 
for  many  other  applications,  one 
or  more  of  which  may  solve  your 
specific  requirements. 


REMOTE  CONTROL 


COMMUNICATION . . . 
INDUSTRIAL... AIRCRAFT... 

MARINE...  TELEVISION... 
nPTirc  ft r 


Y 


YARDENY  precision  remote  controls  provide  a means  of  accurately 
positioning  or  moving  a load  which  is  remotely  located  from  the 
operator.  Positioning  accuracies  as  high  as  one  part  in  a million  are 
attained.  Although  this  remarkable  accuracy  is  an  outstanding  fea- 
ture of  YARDENY  controls,  they  are  simple,  rugged  and  dependable. 
All  are  practically  immune  to  temperature  change,  extreme  shock, 
vibration  or  severe  usage— with  dependability  proved  through  ex- 
tensive use  by  the  Armed  Forces. 

Basic  components  of  YARDENY  systems  are  the  torque-delivery 
unit— an  electric  motor— and  a control  head.  These  control  devices 
are  applicable  to  present  standard  equipment  as  accessories,  or  may 
be  engineered  into  future  plannings  as  an  integral  part  of  the  assem- 
bly. Merely  outline  your  specifications  and  required  quantities  for 
complete  collaboration.  Appointments  or  demonstrations  are  by 
request,  and  you  incur  no  obligation. 

YARDENY  ENGINEERING  CO. 

105-107  CHAMBERS  STREET,  NEW  YORK  7,  N.  Y. 

YARDENY  LICENSEES:  SEIF  WINDING  CLOCK  COMPANY,  INC  . AMERICAN  TYPE  FOUNDERS.  INC., 
MASTER  CONTROLS.  INC.,  C.  0.  S l„  INC. 
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Pulse  Modulation  in  Army  Equipment 


cember  1944.  When  more  equip- 
ment arrived  in  April,  circuits  were 
installed  between  several  am; 
groups.  As  the  Third  Army  ad- 
vanced into  Germany  constant  com- 
munications between  it  and  the  12th 
Army  Group  were  maintained  over 
nearly  300  miles,  using  two  ter- 
minals and  three  relay  stations. 

In  the  Pacific,  radio  set  AN/ 
TRC-6  has  seen  only  limited  use  in 
Hawaii,  but  it  is  expected  that  s 
number  of  these  sets  will  be  used  in 
the  occupation  zones. 

A second  set,  the  AN/TRC-6,  per- 


Transmitting  and  receiving  antsnnas  el  Ihe  Army  radio  set  AN/THC4.  the  1400* 
multi-channel  equipment  using  pulse- position  modulation,  are  raised  with  the  help 
o{  a Jury  mast,  The  4.800-mc  antennas  ai  the  AN/TBC-t  ppm  set  appsat  at  esstsr^— 
V.  S.  Army  Signal  Corps  photo 


AT  A RECENT  DEMONSTRATION  staged 
by  Signal  Corps  Engineering  lab- 
oratories, two  equipments  shown 
used  pulse-position  modulation,  a 
new  method  of  modulation  whose 
war-time  application  has  been  kept 
secret.  One  of  these,  radio  set 
AN/TRC-6,  is  the  first  practical 
tactical  radio  equipment  of  this 
type  developed. 

To  obtain  a multi-channel  radio 
relay  system  for  the  Army,  it  was 
necessary  to  use  telephone  terminal 
equipment.  When  development  of 
the  AN/TRC-6  was  undertaken  in 
1943  It  was  decided  to  include  in 
the  equipment  the  multi-channel  fa- 
cilities desired,  but  without  the  use 
of  extra  telephone  equipment.  The 
result  was  a set  which  employs 
pulse-position  modulation  with  time 
division  multiplexing. 

In  pulse-position  modulation,  the 
pulse  which  transmits  the  intelli- 
gence repeats  at  a regular  rate  so 
that  periodic  sampling  of  the  in- 
telligence to  be  transmitted  takes 
place.  When  the  intelligence  is  ap- 
plied, the  pulse’s  time  of  occurrence 
is  correspondingly  varied  in  posi- 
tion and  time. 

In  radio  set  AN/TRC-6,  eight 
separate  pulses  are  used  and  the 
time  of  occurrence  of  each  is  varied 
in  accordance  with  the  intelligence 
transmitted  from  one  of  eight  sep- 
arate channels.  No  two  pulses  are 
allowed  to  occur  at  the  same  time, 
they  are  interlaced.  Thus,  eight 
telephone  circuits  are  available  for 
simultaneous  use.  Each  of  these 
may  be  connected  to  conventional 
telephone  lines.  If  desired,  as  many 
as  ninety-six  telegraph  circuits  can 
be  substituted  for  the  eight  tele- 
phone circuits  available. 

According  to  the  Army,  radio  set 

374 


AN/TRC-6  provides  transmission 
which  is  as  quiet  and  distortionless 
as  the  best  commercial  telephone 
circuits  available,  and  it  is  subject 
to  very  little  static  or  atmospheric 
disturbance  because  of  its  use  of 
pulse  modulation  and  the  choice 
of  radio  frequency. 

The  AN/TRC-6  operates  in  the 
frequency  range  between  4,300  and 
4,900  megacycles.  The  equipment  is 
usually  carried  in  a 21-ton  truck. 
Because  of  its  size  and  complexity 
the  equipment  is  not  intended  for 
use  in  forward  areas  but  is  used 
between  armies  and  army  groups 
and  from  army  groups  to  rear  areas. 

Used  In  Europe 

The  equipment  was  introduced 
into  the  European  theater  in  De- 


forms functions  identical  to  those 
of  the  AN/TRC-6  but  operates  at 


Operating  setup  of  the  AN/TBC-6  PP® 
multi-channel  relay  station 
quendes  between  4400  and  4.900  op- 
17.  S.  Army  Signal  Carpi  Pkol° 
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DIVISION  OF 


In  medieval  times  discriminating  knights  journeyed  to 
Toledo,  Spain,  to  obtain  hand-wrought  blades  of  steel. 
Only  the  famed  guildsmen  of  Toledo  could  produce  the 
flawless  metal  from  which  they  fashioned  graceful  foils 
and  swords  of  sleek  beauty. 

For  hundreds  of  years  these  proud  guildsmen  stamped 
their  guild  marks  or  signatures  on  their  creations. 

A few  firms  today  still  preserve  that  spirit  of  crafts- 
manship. You  find  it  in  the  plants  of  Detrola  Radio. 
That  is  why  the  “guild  mark”  of  Detrola  Radio  on  a 
radio  receiver,  record  changer  or  other  electronic  instru- 
ment is  a guarantee  of  production  quality.  The  world’s 
finest  merchants,  and  their  customers  recognize  the 
value  of  this  mark. 


DETROLA  CORPORATION^*  DETROIT  9,  MICHIGAN 
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SPECIALIZATION 

Moldite  iron  cores  are  pro- 
duced by  specialists  engaged 
exclusively  in  the  manufac- 
turing of  Iron  cores. 

ENGINEERING 

It  is  a simple  matter  for 
Moldite  engineers  to  fit  the 
right  core  to  your  particular 
coil  for  the  best  results. 
Moldite  engineers  are  thor- 
oughly familiar  with  every 
iron  core  application. 

PRODUCTION 

With  our  vastly  expanded 
production  facilities  we  are 
in  the  position  to  meet  your 
urgent  iron  core  require- 
ments. Quality,  economy  and 
dependability  are  assured. 

SAMPLES 

Moldite  sample  iron  cores 
will  be  submitted  for  de- 
sign, test  and  pre-production 
purposes  upon  receipt  of  your 
request.  Use  Moldite  ma- 
terial grade  designations  to 
insure  prompt  and  exact 
duplication  of  the  required 
cores.  Specify  "MOLDITE*' 
for  “QUALITY". 
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TUBE,  BATTERY 
& SET  TESTER 

Model  805 


SIGNAL 

GENERATOR 

Model  705 


For  direct  testing  of 
all  acorn,  and  regu- 
lar receiving  tubes. 
Complete  leakage  test 
under  rated  voltages 
for  all  electrolytic 
condensers.  Regular 
resistance  test  for 
electro-static  condensers  at  high  voltage.  Tests  all 
popular  sizes  of  radio  batteries,  under  rated  load. 


Constancy  of  cali- 
bration and  out- 
put, plus  high 
frequencies, 
offered  in  this  Sig- 
nal Generator.  Model  705’s  range  is  from  95  kc.  to 
100  Me.  Fundamental  frequencies  are  continuously 
variable  from  95  kc.  to  25  Me.  in  5 bands.  Calibra- 
tion is  accurate  to  2%  per  band  through  broadcast 
band,  within  3%  for  high  frequency  bands. 


Low-range  ohmmeter  is  back-up,  low-drain  type.  Medium- 
range  ojunmeter  is  powered  by  self-contained  battery;  high 
range  ohmmeter  operates  from  plug-in  line  supply.  Tests 
separate  sections  of  multi-purpose  tubes.  Hot  inter-element 
snort  and  leak  tests  of  individual  elements.  Separate  tests 
■or  noise,  hum  and  intermittents.  Built-in  "Rolrndex"  tube 
rnart  With  high  voltage  test  leads  in  sturdy  wood  case, 
with  removable  cover. 


Other  features:  Planetary  drive  condenser — direct  reading 
calibration;  output: — modulated  or  unmodulated.  Self-con- 
tained modulation  400c.  or  1000c.  sine  wave,  available  for 
external  use.  A 3-step  attenuator  controls  output.  Auto- 
matic shorting  of  coils  not  in  use,  individual  shielding  of 
r-f  circuits,  overall  steel  case,  chassis  and  panel.  Fused  line 
supply. 


OUR  COMPLETE  LINE  OF  STANDARD  TEST  INSTRUMENTS  IS  DESCRIBED  IN  CATALOG  NO.  128,  SENT  PROMPTLY  ON  REQUEST 
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PULSE  MODULATION 


rate  corresponding  to  the  audio  fre- 
quency of  the  signal  being  broad 
cast. 

Since  the  transmitted  wave  is  is- 
termittent  and  not  continuous,  it  a 
possible  to  operate  the  transmitter 
and  adjacent  receiver  at  the  sane 
frequency  by  including  suitable 
time-delay  circuits  in  the  receive' 
and  by  making  it  insensitive  wbk 
the  transmitter  pulse  is  being 
emitted. 

Sequence  »f  Pultet 

The  present  system  uses  a single 
marker  pulse  followed  by  24  sig- 
nal-pulses for  the  24  channels,  the 
entire  sequence  being  repeated  at  a 
rate  of  8,000  pps.  Without  moduls-n 
tion,  the  entire  25  pulses  are  evenly  | 
spaced  in  time.  If  a signal  is  ap-  1 
plied  to  Channel  No.  1,  the  No.  1 
signal  pulse  will  occur  slightly  i 
sooner  or  later  in  the  first  sequence 
cycle  than  its  no-signal  position. 
The  bandwidth  now  in  use  is  3 me. 

The  marker  pulse  synchronises 
the  receiver  with  the  transmitter, 


Helpful 

BUYING 

GUIDE 

Available 
on  Request 
Write  for  it! 


STOCKS  OF  MANY  TYPES  ON  HAND 

Meeting  urgent  needs  for  Wire  and  Cable  is  a specialized 
job  at  ALLIED.  From  this  one  central  source,  shipments  go 
constantly  to  industry,  armed  forces,  government  agencies 
and  research  laboratories.  Here  are  gathered  all  leading 
snakes,  tn  all  wanted  types,  for  radio  and  power  use. 

BELDEN  ALPHA  LENZ  CORNISH 
ANACONDA  CONSOLIDATED  AMPHENOL 

fewer  • MuM-Conductor  • Solid  and  Strandod 
Natural  and  Synthetic  Rubber-Covered 
Melded  . Indoor  and  Weatherproof  . Coo idol 
Transmitting  attd  Receiving  . Telephone 
Microphone  • Intercom  . Hook-tip  . High-Tension 
Magnet  • Aerial  • Twisted  Pair  • Lamp  Cord 

Targe  and  varied  stocks  of  Wire  and  Cable  are  main- 
tained for  rush  service.  Close  contact  with  manufacturers 
expedites  procurement.  Whether  your  requirements  be 
large  or  small— save  time  and  work— call  ALLIED  first! 

WRITE,  WIRE,  OR  PHONE  HAYMARKET  6800 
Jor  Everything  in  Radio  and  Electronics 


ALLIED  RADIO 

CORPORATION 

. J!!  ' Chicao° 7- 

■ SUPPLIERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUST3IAI  aucdis-a 
' Electronic  Tubes,  Rectifiers,  Power  Supplies.  Intercommunicating  Svstpmc  c„,in<4  *sST*  AM*RICA 

i 


Antennai  lor  receiving  and  transmitting 
ptm  signals  on  1200  megacycle*  an  to- 
stalled  on  the  ITST  Corp-  bnMi*  « 
87  Broad  Street.  How  York  City 

so  that  the  receiver  will  examine  the 
input  on  each  of  the  24  channels  in 
sequence,  at  the  same  rate  of  speed 
and  repetition  as  the  transmitter. 
Each  audio  channel  is  actually  sam- 
pled or  interrupted  8,000  times  per 
second,  but  these  interruptions  oc- 
cur at  such  high  speed  that  they 
are  not  audible  to  the  listener. 

Requirements  for  the  design  o 
pulse-time  modulation  relay  sta 
tions  are  much  less  critical  than  for 
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miniature 


more 
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The  old  quill  was  pic- 
turesque but  it  lacked  the  com- 
pactness. convenience  and  dependability  of 

our  modern  fountain  pen.  Its  development  was  the 
usual  evolution.  Changes  and  reduction  in  size  made 
for  greater  efficiency.  The  same  took  place  in  the 
development  of  the  modern  miniature  electronic  tube. 

While  the  reduced  size  of  TUNG-SOL  Miniatures 
alone  warrants  a preference  for  them,  their  greater 
efficiency  has  resulted  in  their  general  adoption,  espe- 
cially for  high  frequency  circuits.  Smaller  elements 
make  them  more  rigid.  Shorter  leads  result  in  lower 
lead  inductance.  TUNG-SOL  Miniatures  have  low  ca- 


pacity and  high  mutual  conductance. 

The  TUNG-SOL  interest  in  elec- 
tronics is  the  development  and  produc- 


tion of  more  efficient  electronic  tubes. 

Equipment  manufacturers  are  invited 

to  consult  with  TUNG-SOL  engineers  on  problems  of 
circuit  planning  and  tube  selection.  Consultation  is 
always  confidential. 


TUNG-SOL 


TUNG-SOL 
Also  Manufacturers  of 


LAMP  WORKS  INC., 
Miniature  Incandescent  Lamps,  AU-Glass 


NEWARK  4,  NEW  JERSEY 
Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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PULSE  MODULATION 


•Another 

nant 

firslf 
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Here’s  important  news  for  users  of  rectifier 
type  instruments.  Conant  has  done  it  again! 
This  new  instrument  rectifier  application 
makes  possible  for  the  first  time  complete 
freedom  from  temperature  errors.  AC  values 
are  read  on  the  same  linear  scale  as  DC  values. 

You’ll  be  imnred  ’ 

SOT  OFF  THE  piJE“”tlflera" 

„In3„™ant 

Here’s  M » 

reading  f0^  instruments, 
and  tnaiims  HSH- 


&ntfiument  gRecftfiew 


ELECTRICAL  LABORATORIES 


6500  0 STREET.  LINCOLN  5,  NEBRASKA,  U.  S.  A. 

Chico  oo  5,  111.  378  BovlwrdN.  E-!  AttaMo  Ga  J2H52?"h>C,ubI>r-.LonflB«»ch7,C 

1J1S  Harm  n,  MlnoeopeR.  3,  Mtai.  4018  One.  Ave.  51.  Lowh,  Mo  ‘ E*pw1  O’*  . 89  Broad  5t.,  N.  Y.  4,  N 

u toneooRi  Rd.  Toronto,  Canado 
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other  methods  of  modulation  sinn 
only  the  spacing  of  the  pulset  ii 
important.  The  pulse  shape  need 
not  be  exactly  reproduced  and  thu 
permits  most  of  the  tube  noise  ti 
be  eliminated  merely  by  clipping  the 
bottoms  and  peaks  of  the  received 
pulses.  Cross-talk  from  adjacent 
channels  is  completely  eliminated 
because  only  one  channel  iB  actual 
on  the  air  at  one  time.  Another  ad 
vantage  of  the  system  is  die  fact 
that  telephone  dialing  and  bell-ring- 
ing operations  can  be  easily  effected 
since  it  is  feasible  to  transmit  di- 
reet  current  for  these  function* 
without  additional  equipment 

Cyclophon  Provide)  Electron 
Switching 

Placing  of  24  two-way  voice  chan 
nels  on  a single  carrier  is  accom- 
plished by  a new  cathode-ray  tube 
called  a cyclophon,  which  rotates  a 
cathode-ray  beam  in  sequence  to 
each  of  24  dynodes  that  feed  the  24 
channels.  The  beam  makes  8,000 
complete  revolutions  per  second, 
with  the  result  that  signals  form- 
ing the  sound  are  put  into  receiv- 
ers so  fast  that  the  human  ear  can- 
not distinguish  any  intervals  be 
tween  them,  thereby  making  for 
exact  duplication  of  speech  or 
music.  , 

The  electronic  time  selection  de- 
vices at  both  the  sending  and  the 
receiving  stations  operate  in  per- 
fect unison  to  avoid  cross-talk  and 
other  confusion.  This  is  accom- 
plished by  transmission  of  a syn- 
chronization pulse  at  the  beginning 
of  each  cycle  so  both  time  selection 
devices  start  off  together. 

The  stations  both  send  and  re- 
ceive, changing  from  one  to  the  . 
other  with  lightning  speed.  So 
rapid  are  the  changeovers  effected  | 
that  they  are  not  noticeable  in  * 
two-way  telephone  conversation, 
even  if  the  two  parties  talk  at  the 
same  time.  Each  vibration  of  the 
vocal  cords  is  transmitted  as  6 to 
12  separate  pulses,  with  the  tube 
circuits  and  the  human  ear  together 
filling  in  the  gaps  between  pulses 
at  the  receiving  end.  The  audible 
results  which  ptm  present  to  the 
ear  can  be  compared  with  visual  ef- 
fects which  the  motion  picture  pre- 
sents to  the  eye.  Although  the 
screen  in  a motion  picture  theater 
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his  is  the  time... 

TO  CONTACT  THE  N-Y-T  SAMPLE 


Equipped  with  two  complete  sample  shops,  N-Y-T  offers 
experienced  collaboration  in  working  out  all  details — 
engineering  and  production— of  sample  components  for 

your  peacetime  requirements. 

• 

While  actual  transformer,  choke  and  filter  production 

schedules  are  still  sub-rformal,  due  to  material  shortages, 
N-Y-T  engineering  design  service  is  prompt  and  efficient. 
Backed  by  more  than  9,500  separate  and  distinct  trans- 
former, choke  and  filterMevelopments  for  critical  wartime 
applications,  N-Y-T  Sqmple  Department  offers  all  the 
name  implies  . . . thorough  and  complete  collaboration 
with  your  own  engineering  department. 

/{cUOteoo  6>tqu&ie&  to  “Defit.  £ 


NEW  YORK  TRANSrORMER 
COMPANY 

26  WAVERLY  PLACE  NEW  YORK  3,  N.  Y. 
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Aero  Switches 


★ 


• The  illustrations  above  show  in  part  how  the 
construction  of  the  patented  ACRO  rolling  spring 
switch  lends  itself  to  adaptation  in  various 
shapes  to  fit  the  designs  of  your  units.  Varied 
multiple  mountings  and  small  case  shapes — 
rectangular  or  curved — can  be  furnished.  Oper- 
ating characteristics  in  a range  to  meet  your 
requirements.  Actuation  pressure  as  low  as  2 
grams  (using  leaf  bracket)  or  as  high  as  1 ’A  lbs. 
Used  in  a wide  range  of  applications  such  as 
valve  controls,  coin-operated  machines,  micro- 
phones, electric  timers,  etc.  If  one  of  the  many 
ACRO  Model  “M"  designs  does  not  fit  your 
needs,  surely  one  of  the  other  ACRO  styles  can 
be  adapted.  Send  your  design  details  showing 
special  limitations  and  operating  features  for 
^ quicker  reply. 


131*  SUPERIOR  AVENUE  . CIEVEUND  14,  OHIO 


THE  ACRO  ELECTRIC  COMPANY 


is  completely  dark  much  of  the  time 
that  a film  is  being  shown,  the  eye 
is  not  quick  enough  to  detect  the 
dark  intervals. 

The  present  system  is  the  logical 
outgrowth  of  the  pioneering  effort! 
of  the  I.T.&T.  companies,  dating 
back  to  1931  with  the  Dover-Calais 
microwave  communication  system 
and  the  first  multi-channel  voice 
communication  circuits  between 
Scotland  and  Ireland.  The  entire 
sending  apparatus  can  be  made  to 
occupy  a cabinet  only  three  feet 
high  and  covering  a floor  space  20 
inches  square,  and  containing  fewer  -r 
tubes  than  the  average  home  radio.  ] 
The  receiver  cabinet  is  similar  is 
size  and  number  of  tubes. 

3 

Advantages  and  Applications  J( 

U 

A special  advantage  daimed  for 
ptm  is  the  reduction  of  static,  cross- 
talk and  other  noises  in  the  recep- 
tion as  compared  to  other  radio 
systems — a-m  and  f-m.  This  is  due 
to  the  fact  that  these  systems  use 
the  whole  radio  wave  but  ptm  can 
filter  out  all  but  a small  portion  o f 
the  wave  and  the  time  position  o( 
the  pulses  remains  unchanged. 
Wave  distortion  therefore  has  s 
much  smaller  effect.  This  feature 
permits  the  widespread  use  of  re- 
peater stations,  where  a transmis- 
sion is  picked  up  and  retransmitted 
to  another  station.  The  noise  does 
not  accumulate  in  the  relayed  mes- 
sage. The  repeater  stations  are  re- 
quired approximately  every  3® 
miles,  but  operate  automatically  ; 
and  require  no  attendants.  The  - 
clarity  of  reception  obtained  is  val- 
uable in  radio  and  television  broad-  | 
casting.  Of  especial  significance  is 
the  fact  that  it  makes  possible  the  * 
transmission  of  many  music  pro- 
grams simultaneously  over  the  sys-  j 
tem. 

With  the  new  system  it  will  be  j 
possible  to  dial  long  distance  num-  , 
bers  directly,  say  from  New  York 
to  San  Francisco,  without  going 
through  long  distance  operators  as 
in  the  present  telephone  system- 
Ptm  may  therefore  find  use  advan- 
tageously in  radio-telephone  sys- 
tems for  railroads,  taxi  companies, 
etc — in  fact,  any  application  where 
multi-channel  operation,  versatility, 
and  clarity  of  reception  are  desinm 

The  ptm  system  is  also  appiw* 
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For  Quick 
Visual  Indication 


i 


I 


Ur  Cl  For  general  indication,  such 
••t  dl  u showing  existence  of  po- 
tential across  various  parts  of  electri- 
cal circuits. 


Investigate  the  Unique  Characteristics 
of  G-E  Neon  Glow  Lamps 


THE  unique  characteristics  of  Gen- 
eral Electric  Neon  Glow  Lamps 
recommend  them  for  a variety  of  uses 
in  radios  and  electronic  devices  ...  as 
indicators,  voltage  regulators,  pilot 
lights  and  test  lamps. 


The  uses  described  at  right  are  typical. 
If  you  think  G-E  Neon  Glow  Lamps 
can  be  useful  to  you,  write  or  phone  the 
address  below.  Experienced  General 
Electric  Lamp  Engineers  will  be  glad 
to  discuss  your  problems  with  you. 


CONSIDER  THESE  ADVANTAGES 

1.  DMncttv*  orsn|«-r«d  glow  — m catered  cover  stare  needed. 

2.  Dependable  performance  end  Ion*  Me  — rated  at  1,000  heart. 

3.  Very  tew  currant  consumption  — leu  than  H mlMampere  for  smallest  lamp. 

4.  Variety  of  sizes  and  watte* ss. 

5.  Htph  resistance  to  vibration,  check. 

B.  Normally  usable  en  a-c  or  d-c. 

7.  Screw  base  lamps  ter  105-12S  v.  circuits!  simitar  temps  available  wltb 
bayonet  bases,  but  external  resistance  required. 

8.  Produce  practically  no  heat. 

».  Nearly  Pat  volt-aatpere  characteristics. 

10.  Insensitive  to  voltage  variations  above  critical  value. 


UM1  Indicator  and  pilpt  light 
1 1 lamp  that  flashes  to  show 
condition  of  B-battery  in  portable 
radios.  Frequency  of  flashes  decreases 


MF-1A  (also  N-B  16).  Indicator 
lit" Tv  lamps.  Special  volt-ampere 
characteristics  of  these  lamps  indi- 
cate use  as  voltage  regulators.  Screw 
base  lamp  available  as  NB-45.* 


•NE-16  meets  JAN-1  A specifications 
for  991.  Special  marking  JCG-991 
supplied  for  small  extra  charge. 


OBOERNO. 

NE-2 

NE-61 

NE-17 

NE-40 

m 

NE-40 

NE-30 

WUb.  Nominal 

Vte 

Vu 

® 

M 

V* 

y. 

1 

Vdt»  (Ctrautt) 

106-12B 

106-128 

® 

106-125 

loo-m 

100-125 

106-128 

lAC 

van**  ® i dc 

mm 

88 

® 

n 

® 

B 

B9 

Barn 

★Unbaaad 

(Wire 

Terminal*) 

*8.  C. 
Bey.  Min. 

★D.  C. 
Bay.  Cand. 

★O.C. 
Bay.  Cand. 

★o.  c. 

Bay.  Cand. 

Cand. 

Screw 

Medium 

Screw 

Madmum  Over- 
dLanftti 

® 

IV 

IV 

m* 

1H* 

1V4* 

1H* 

w 

UdPrln 

(dwtu) 

800 

8.10 

845 

8» 

842 

1 

5X0 

840 

NE-32 


105-128 


★D.  C. 
Bay.  Cand. 


5X8 


NE-34 


105-128 


60 


Screw 
3 W 


8.60 


NE-38 


105-125 


80 

85 


*$k.  D.  C. 
Bay.  Cand. 


3%' 

5.55 


NE-40 


105-128 


60 

85 


Medium 

Screw 


3*8' 


SJBQ 


NE-42 


105-125 


★Sk.  D.C. 
Bay.  Cand. 


3 y4' 


5X5 


© W*  la  lamp  when  new. 

© Glass  part;  wire  terminals  extend  additional  **•*. 
© Designed  for  DC  flaoMnf  operation  in  RC  circuit 


★ All  Bcyonct  Bern  Lend.  Need  Eztwncl  BctlelciKC. 


For  further  information,  write  address  below  for  Bulletin  7100 

NELA  SPECIALTY  DIVISION,  LAMP  DEPARTMENT 

ELECTRIC 


GENERAL 

| 1 Newark  Street,  Hoboken,  N.J. 

fj  ELECTRONICS  — November  IMS 


in 


Digitized  by 


Google 


Silver  soldering,  because  of  its  speed,  economy,  and  durability  has 
replaced  for  many  purposes  former  methods  of  soft  soldering,  high 
temperature  brazing,  welding,  riveting  or  bolting.  Cast  and  forged 
constructions,  in  many  instances,  have  been  replaced  by  the  faster  and 
less  expensive  method  of  fabricating  two  or  more  easily  joined  parts, 
soldering  them  together,  then  finishing  to  dimension. 

Modern  alloys  and  light  gauge  metals,  likely  to  be  damaged  by  high 
temperature  brazing  or  welding,  have  been  particularly  aided  by  the 
use  of  low  temperature,  fast  spreading  silver  solder.  Likewise,  the  use 
of  preformed  rings  or  washers  has  materially  speeded  up  straight  line 
production. 


In  cooperation  with  industrial  engineers,  the  D.  E.  Makepeace  Com- 
pany has  developed  a wide  variety  of  precious  metal  solder  alloys  to 
meet  practically  every  industrial  requirement.  These  solders  flow  easily, 
penetrate  deeply,  and  diffuse  evenly.  The  joints  so  affected  are  stronger, 
in  most  instances,  than  the  parts  joined  and  the  junction  is  durable,  duc- 
tile, leak  proof,  corrosion  resistant  and  high  in  electrical  and  thermal 
conductivity. 

To  help  you  with  any  problems  which  you  may  have,  we  maintain 
a fully  equipped  research  and  testing  laboratory  as  well  as  a staff  of 
thoroughly  experienced  metallurgists,  chemists  and  consultants  who  will 
be  pleased  to  assist  you  with  any  problem  you  may  have  to  the  full  extent 
of  their  facilities  and  ability.  Your  inquiries  are 


D.  E.  MAKE 

MAIN  OFFICE  AND  PLANT 
New  York  Office,  30  Church  St. 


peace  co. 

ATTLEBORO.  MASSACHUSETTS 
Chicago  Office.  55  East  Washington  St. 


WISE  MODULATION 

to  the  transmission  of  color  televi- 
sion with  sound  on  the  same  dun- 
nel.  If  used  for  radio  broadcasting, 
it  would  make  possible  the  simul- 
taneous transmission  of  twelve  dif- 
ferent programs  from  the  same  sta- 
tion. 

e • a 


Testing  Coils  for 
Shorted  Turns 

A SIMPLE  and  useful  instrument 
for  the  rapid  testing  of  coils  it 
shown  in  the  accompanying  sche- 
matic. Reactance  of  the  search 
coil  L is' balanced  by  capacitance  C. 
Exact  balance  of  the  bridge  is  ob- 
tained with  the  resistor  A;  resistor 
-R,  being  in  the  mid  position. 

The  instrument  is  then  adjusted 
for  a-c  supply  by  varying  JZ,  until 
a standard  reading  is  obtained  ot 


Circuit  oi  simple  coil  tooting  salt  c*P 
oblo  of  detecting  a single  shorted  hm 
oi  40-gage  copper  wire.  The  ccdl  k 
placed  over  projecting  cere  of  b 
ductor  L 

the  rectifier-type  milliammeter  M A. 
The  coil  to  be  tested  is  placed  over 
the  projecting  iron  core  of  the 
search  coil  and  if  short-circuited 
turns  are  present  the  normal  de- 
flection of  the  meter  will  change. 

It  is  claimed  by  the  designers 
that  a single  short-circuited  tun 
of  40-gage  copper  wire  can  be  de- 
tected. This  is  an  extreme  ms* 
since  in  most  bad  windings  two  or 
more  layers  are  shorted,  hence 
there  is  usually  considerable  de- 
flection. The  tester  is  produced  by  | 
Banner  Electric  Co.,  Hoddesdon.  | 
Hertfordshire,  England. 

s n s 

Electronic  Antenna- 
Analyzer 

Mathematical  computations  in- 
volved in  the  location  and  arrange- 
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THE  W®  CHANNEL  PHASE-SHIFT  MODULATOR  IS  STILL  THE 


REL  i*  the  pioneer  builder  of  the  phase-shift  modulators  and  trans- 
mitters for  the  Armstrong  wide  band  FM  system  of  radio  signaling. 
The  modulators  include  the  original  design  and  the  greatly  improved 
two  channel  design  described  by  Major  Armstrong  before  the  Insti- 
tute of  Radio  Engineers  on  Nov.  5.  1941.  Modulators  built  by  this 
company  have  been  in  constant  reliable  operation  throughout  the 
country  since  1938.  And  on  Mt.  Washington,  inaccessible  for  months 
each  year,  the  two  channel  modulator  has  performed  without  a flaw. 

The  basic  electrical  characteristics  of  the  two  channel  modulator 
now  in  the  field  leave  little  opportunity  for  improvement  but  we 
have  learned  how  to  add  to  the  modulators  reliability  through  im- 
provements in  Its  mechanical  and  component  design.  REL  takes  pride 
in  announcing  that  the  Improvements  ore  substantial  and  that  they 
are  incorporated  in  REL  FM  broadcasting  transmitters  shortly  to  be 
made  available  to  the  industry. 


<33* 


Sales  Representatives 


MICHIGAN 
M.  N.  Daffy  A Co.,  Inc. 
2040  Grand  River  Ave.  W. 
Detroit,  Mich. 


MIDWEST 

REL  Equipment  Sales,  Inc. 
612  N.  Michigan  Blvd. 
Chicago,  111. 


PACIFIC  COAST 
Norman  B.  Neely  Enterprise# 
7422  Melrose  Avenue 
Hollywood  46,  Cal. 


«unee,  Manufacture,,  of  FM  Trun«nitUr.  Knorin.  Arm.tron,  Fha».8hlft  Mudutat.en 
Radio  Engineering  Labs,  Inc. 


RADIO  ENGINEERING  LABS.,  INC. 

t N . Y. 
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ANTENNA-ANALYZER 


(CMtiBMd) 


KINNEI  _ 

ffiqkV*#4- 


H inner  Compound  Vacuum Ajmp 
MOOei  CUD 

TrPfCPi  Pumping  Speeo  fc.  p.  n*J 


SUf  C.  VO.  8010 


PRtSSURt  IN  MICRONS 


L\)WGtR 

0lS\*» 

H16H 

pO 

SPt*° 


The  design  of  Kinney  High  Vacuum  Pumps  has  been  proved  by  years  of 
actual  performances;  today  in  over  10,000  installations.  Kinney  Pumps  are 
producing  low  absolute  pressures  rapidly  and  dependably. 

The  rotating  plungers  of  the  long-lived  Kinney  Pump  have  no  contact  with 
the  cylinder  walls,  all  clearances  being  perfectly  sealed  and  lubricated  with 
oil.  Kinney  Single  Stage  Pumps  maintain  low  absolute  pressures  to  10  microns; 
Compound  Pumps  to  0.5  micron  or  better.  Write  for  information. 


KINNEY  MANUFACTURING  CO. 

3565  WASHINGTON  ST..  BOSTON  30.  MASS. 

NEW  YORK  • CHICAGO  • PHILADELPHIA  . LOS  ANGELES  . SAN  FRANCISCO 

W.  alto  monatacturo  Vien.  Tight  Volv.,.  Uq.ld  Hnp..  Cl.tcho.  a,d  lit.™!.,*,  OMrlbotor,. 


ment  of  directional-antenna  towers 
are  quickly  performed  by  the  An- 
tennalyzer,  a new  piece  of  comput- 
ing equipment  developed  at  RCA 
Laboratories  and  shown  in  opera- 
tion in  Fig.  1. 

Using  52  electron  tubes,  the  gear 


Fig.  1 — An  RCA  technician  manipulate* 
the  controls  oi  tho  Antennalysar  which 
solves  tho  mathematics  ol  directional 
antenna-array  design 

is  adjusted  until  the  pattern  on  a 
c-r  screen  reproduces  the  desired 
field  of  the  projected  transmitter. 
Corresponding  dial  readings  pro- 
vide data  on  the  location  of  towers 
and  give  all  the  electrical  parame- 
ters connected  with  the  overall  de- 
sign of  the  array. 

A rear  view  of  the  equipment  is 
shown  in  Fig.  2.  Mathematically, 
its  operation  in  the  case  of  a five 
tower  array  depends  on  solution  of 
the  equation 


where  F is  field  strength  in  direc- 
tion of  angle  </>,  M is  current  ratio 
in  each  tower  relative  to  tower  A. 
a is  phase  angle  of  each  lower  cur- 
rent, d is  spacing  from  a reference 
point  of  each  tower,  X is  frequency 
of  transmission,  <f>  is  angle  whose 
function  is  used  to  plot  fie* 
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it’s  a good  way  to  save 
time,  trouble  and  money 

• Often,  when  we  know  all  the  influencing  factors — when 
we  know  how  and  why  and  where  you  are  going  to  use 
springs — we  can  make  helpful  suggestions.  These  sugges- 
tions may  improve  your  product,  shorten  assembly 1 
increase  spring  efficiency  and  perhaps  cut  spring 

We  don't  say  we  can  work  miracles.  But . . . thp  efficient 
use  and  application  of  spring  power  is  our  business  just 
as  well  as  is  their  manufacture.  In  plannina^our  future 
products,  ask  us  about  the  springs  before  you  start  manu- 
facturing— in  confidence,  of  course,  freosts  you  nothing  . . 
and  may  pay  you  well. 

ACCURATE  SPRING  MANUFACTURING  CO. 

3830  West  Lake  Street  Chicago  24,  Illinois 

SPRINGS 
WIRE  FORMS 
STAMPINGS 


• Send  lot  your  copy  of  . 
the  new  Accurate  Spring  \ 
Handbook.  It'a  full  of/ 
data  and  formulae  which) 
you  will  fi^d  uaeful.  Nc 
obligation. 
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HAVE  YOU  INQUIRED  HOW 


ANTENNA-ANALYZER 


CAN  IMPROVE,  SIMPLIFY 


» THERMOSWITCHES  __ 

FOR  COMPLETE  TEMPERATURE  CONTROL 

43  Pleasant  Street,  Ashland,  Massachusetts 


strength  of  system,  9 is  uimutli 
angle  of  each  tower  with  respect  to 
a reference  line. 

Field  tests  and  calculations  which 
formerly  required  weeks  can  now 
be  executed  in  a matter  of  minutes 
The  Antennalyzer  adds  and  sub- 


YOUR  PRODUCT/  YOUR  PLANT, 
YOUR  POSTWAR  PLANNING 

$ THERMONICS  is  the  science  of  mutable  temperature  control  developed 
by  Fenwal,  Incorporated,  by  the  direct  process  of  determining  the  needs 
of  industry  and  science  for  unerringly  accurate  thermal  control  of  wide 
mutations.  Many  thousands  of  applications  and  tests  have  proven  the 
efficacy  of  the  Fenwal  Thermoswitch,  prime  factor  of  this  refined  and  exact 
science  of  Thermonics,  which  takes  its  place  of  due  importance  in  the 
field  of  temperature  control  and  thermal  regulation. 

Thermonics  as  a science  in  itself  earns  and  deserves  the  attention  of: 

• all  processes  and  production  requiring  regulation  of  ex- 
treme or  moderate  temperatures; 

• makers  of  equipment  requiring  light  weight,  compact, 
efficient  thermal  regulation; 

• makers  and  users  of  machinery,  equipment,  vehicles, 
wherein  a safety  factor  of  controlling  or  indicating  exces- 
sive or  dangerous  mutations  in  temperature  is  essential. 

THERMOSWITCH  is  the  prime  factor  in  Thermonics.  So  many  are  the  func- 
tions of  Thermoswitch,  and  so  comprehensive  is  the  field  of  Thermonics, 
that  practically  all  processes  of  manufacture  requiring  accurate  thermal 
regulation  are  served  by  Tbermoswitch.  Few,  if  any  products  whose 
efficiency  depends  upon  temperature  control,  exist  today  or  are  planned, 
that  can  omit  the  consideration  of  Thermonics  in  basic  engineering  and 
the  use  of  Thermoswitch  for  functional  competency  and  economy  of 
operation.  Thermoswitch  in  its  many  types  and  adaptations,  offers  a 
lightweight,  compact  vibration  - proof,  highly  sensitive  yet  rugged 
regulatory  and  detec- 
tory  unit  of  almost 

unlimited  utility.  Fenwal’ t data  folder  on  Thermonics 

i [!([( ' (I  will  prove  of  value  to  engineers,  Jj 

' 1 Your  copy  is  ready  for  you. 


Flq.  2— Rwar  viww  of  analf**- 
gear  lncludM  52  .tactroo  fobs*.  nixM 
work  o!  wooki  lo  a tow  rnlnntM 

tracts  angles,  looks  up  trigonomet- 
ric functions,  adds  numbers, 
squares  them,  and  ends  by  taking 
the  square  root.  Radiation  patterns 
can  be  converted  from  rectangular 
to  polar  coordinates  at  the  flick  0 
a switch. 

a o o 

German  Magnetic-Tape 
Recorder 

Using  tissue-thin  plastic-base  tape 
impregnated  with  iron  oxide,  » re- 
cording  and  playback  unit  * 
oped  in  Germany  has  a flat 
quency  response  from  60  to  8000  CP* 
with  only  a slight  falling-off 
to  12,000.  Manufactured  by  » 
E.  E.  G.  Magnetophon  Co,  “>• 
device  was  reported  by  Broadest 

Recording  tape  costs 
lars  a roll  and  runs  for 
twenty  minutes.  The  mater 
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Flow  much  power  will  a transmitting  or  rectify- 
ing tube  safely  handle?  That  largely  depends  on 
the  ability  of  the  anodes  to  dissipate  the  heat  of 
operation.  And  that  in  turn  depends  on  the  anode 
material. 

Tubes- with  SPEER  Graphite  Anodes,  tested  at 
the  temperature  at  which  all  anodes  begin  to  show 
red  color,  dissipated  70  watts— a dissipating  value 
4 times  higher  than  the  average  of  two  other  widely 
used  anode  materials  tested  in  identical  tubes. 
SPEER  Graphite  Anodes  rated  W2  times  better 
than  the  second  best  material.  This  greater  heat 
dissipating  value  of  SPEER  Graphite  Anodes 
greatly  lessens  the  possibility  of  tube  damage  due 
to  warping  and  fusing. 

Graphite’s  native  properties,  and  the  manufac- 
turing techniques  that  give  SPEER  Graphite 
Anodes  their  high  radiating  emissivity  and  high 
thermal  conductivity,  also  effect  the  other  advan- 
tages listed  at  right.  Whether  you  make  or  use 
tubes,  if  they  have  SPEER  Graphite  Anodes  — you 
can  count  on  consistently  uniform  performance 
throughout  lifeoi your  tubes. Write  for  details  now. 


CHICAGO  • CLEVELAND  • DETROIT 
MILWAUKEE  • NEW  YORK  • PITTSBURGH 


00  YOU  KNOW  SPIER  GRAPHITE  ANODES? 

• Increase  allowable  plate  power  dissipation, 
e lower  temperatures  of  associated  tube  parts, 
e Withstand  severe  overloads, 
e Defy  warping. 

e Prevent  hot  spots  of  fused  holes, 
e Minimize  bulb  darkening  and 
insulator  leakage, 
e Improve  degassing  qualities, 
e Decrease  gas  troubles, 
e Enhance  tube  appearance, 
e Provide  precise  anode  dimensions, 
e Produce  uniform  tube  characteristics, 
e Retain  original  dimensions  in  service, 
e Maintain  normal  tube  characteristics, 
e Allow  wide  latitude  of  anode  design. 


SPEER 

CARBON  COMPANY 
ST.  MARYS,  PA. 
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\ TO  YOUR  INSTRUMENT 

1 PROBLEMS 
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Bun&mitcn 


: f 


PANEL  INSTRUMENTS 


1 


Burlington  Panel  Instruments  are  designed  and  built  to  give 
dependable  service  with  guaranteed  accuracy.  They  are 
available  in  a complete  line  of  AC  or  DC  Ammeters,  Volt- 
meters, Milliammeters,  and  Microammeters.  The  wide  selection 
of  sizes  and  case  styles  offer  instruments  that  are  ideal  for 
your  particular  application. 

Write  today  for  full  details  — our  engineers  will  recom- 
mend the  precision  Burlington  Instruments  required  to  solve 
your  instrument  problems. 

bTTrlington  INSTRUMENT  CO. 


_J 

103  Fourth  St.,  BURLINGTON,  IOWA 

£i 

PANEL  INSTRUMENTS  • VOLTAGE  REG 
ULATORS  • AUTOMATIC  SYNCHRO- 
NIZERS • FREQUENCY  REGULATORS  j j 

manufactured  by  I.  G.  Farben. 
Three  heads  are  used  on  the  ma- 
chine, one  for  erasing,  one  for  re- 
cording, and  one  for  playback,  in 
the  rare  case  of  tape  breakage,  re- 
pairs are  quickly  made  with  a chem- 
ical supplied  for  the  purpose. 

American  engineers  who  have 
checked  the  gear  indicate  that  it 
excels  conventional  recordings  in 
dynamic  range,  absence  of  noise, 
and  ease  of  editing  as  well  as  fre- 
quency response.  Life  seems  unlim- 
ited, some  of  the  recordings  having 
been  used  at  Radio  Luxembourg 
since  1941  with  no  sign  of  deteri- 
oration. 


... 

Crystal  Oven  Anticipates 
Temperature  Changes 

Capable  of  undergoing  the  rigor- 
ous conditions  of  military  service 
from  the  points  of  view  of  temper- 
ature range  and  rough  service,  a 
new  thermally  regulated  quart! 
crystal  oven  has  been  designed  for 
airborne  radio  equipment  by  engi- 
neers of  Federal  Telephone  and 
Radio  Corp.  In  operation,  it  actu- 
ally anticipates  changes  in  ambient 
temperature  before  they  reach  the 
crystal.  Basically,  it  consists  of  an 
inner  Bakelite  chamber  to  hold  the 
crystals,  an  insulating  air  chamber 
surrounding  the  Bakelite  one  and 
containing  heating  coils  and  a lim- 
iting thermostat,  and  an  outside 
Bakelite  cover.  The  unit  is  1 A in- 
square and  2i  in.  high,  including 
the  standard  11-pin  base  upon  which 
it  is  mounted.  It  holds  one  to  three 
plated  type  of  crystals  or  one  or 

two  of  the  pressure-mounted  type, 

yet  it  occupies  about  one-fifth  the 
space  required  for  the  previous! 
manufactured  ovens. 

The  working  parts  of  the  oven 
are  as  shown  in  the  cutaway  draw 
ing.  The  inside  Bakelite  chamber 
A holds  the  crystals  B,  and  is  sur- 
rounded by  a casing  C of  conductive 
material.  An  air  space  D surroun  s 
this  chamber  and  acts  as  an  insu 
lator  between  the  outside  atmos 
phere  and  that  of  the  chamber  ■ 
since  the  temperature  of  the  air  ■ 
D is  raised  or  lowered  by  the  e 
mostatically  controlled  heater 
The  thermostat  F is  of  the  bime 
type  which  closes  on  lowered  tern 
perature  and  is  usually  adjus  e 
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Scientific  progress  is  entering  upon  a new  productive  era.  Now 
is  the  time  to  step  up  your  knowledge.  Be  ready  for  new  ideas 
. . . profitable  opportunities.  Look  over  the  important  titles  listed 
below.  Then,  make  your  selection  and  order  from  the  coupon  today. 

PRINCIPLES  OF  RADIO— Fifth  Edition 

By  Keith  Hennev 

*945  534  Pages  $3.50 

Designed  for  those  with  or  without  technical  training  in  radio  who  want  a 
working  knowledge  of  the  basic  principles  of  radio  communications.  Starts  with 
the  fundamental  principles  of  electricity,  and  gradually  develops  the  subject  of 
radio  practice.  Thoroughly  revised  to  include  recent  developments  and  future 
methods. 


FIELDS  AND  WAVES  IN  MODERN 
RADIO 

By  Simon  Ramo  and  John  R.  Whinnery 
1944  503  Pages  $5.00 

An  authoritative  coverage  of  this  field,  requiring 
oply  a basic  knowledge  of  elementary  calculus 
and  physics,  which  gives  a rigorous  account  of 
the  technique  of  applying  field  and  wave  theory 
to  the  solution  of  modem  radio  problems. 

HYPER  AND  ULTRA-HIGH  FREQUENCY 
ENGINEERING 

By  Robert  I.  Sarbacher  and  William  A.  Edson 
1943  644  Pages  $5.50 

A practical  treatment  of  an  important  new 
branch  of  communications  engineering,  requiring 
no  special  advanced  knowledge.  Of  value  to  the 
beginner,  as  well  as  to  those  having  some 
familiarity  with  the  subject. 

FUNDAMENTALS  OF  ELECTRIC 
WAVES 

By  Hugh  H.  Skilling 

1942  186  Pages  $2.75 

Discusses  the  principles  of  wave  action  as  ap- 
plied to  engineering  practice,  with  particular 
emphasis  on  the  basic  ideas  of  Maxwell’s  equa- 
tions and  repeated  use  in  simple  examples;  also 
on  physical  concepts  and  mathematical  rigor. 

APPLIED  ELECTRONICS 

By  the  Electrical  Engineering  Staff,  Massa- 

chusetts Institute  of  Technology 

1943  772  Pages  $6.50 

Provides  a thorough  understanding  of  the  char- 
acteristics, ratings,  and  applicability  of  electronic 
devices.  Gives  a working  knowledge  of  the 
physical  phenomena  involved  in  electronic  con- 
duction, plus  its  applications  common  to  various 
branches  of  engineering. 

PRINCIPLES  OF  ELECTRONICS 

By  Royce  G.  Kloeffler 

1942  175  Pages  $2.50 

Tells  clearly  and  simply  the  story  of  electron 

theory  and  the  operation  of  the  electron  tube. 
Beginning  with  the  discovery  of  the  electron 
and  the  forces  of  attraction  and  repulsion  of 
charged  particles,  the  entire  action  taking  place 
in  electronic  devices  is  carefully  explained 


HIGH  FREQUENCY  THERMIONIC 
TUBES 

By  A.  F.  Harvey 

1943  24-t  Pages  $3.00 

Gives  the  details  of  these  important  new  tubes 
and  describes  the  experimental  work  that  has 
been  done  with  them.  Presents  a thoroughly 
comprehensive  account  of  the  properties  of 
thermionic  tubes  at  very  high  frequencies  and 
their  relation  to  those  of  the  associated  electric 
circuits. 

THE  TECHNIQUE  OF  RADIO  DESIGN 

By  E.  E.  Zepler 

1943  312  Pages  $3.50 

Thoroughly  practical,  this  treatment  of  radio 
design  deals  with  the  day-to-day  problems  of  the 
radio  engineer,  both  in  the  development  and  in 
the_testing  of  radio  receiving  apparatus  of  all 
types. 

ELECTRON  OPTICS  AND  THE  ELEC- 
TRON MICROSCOPE 

By  V.  K.  Zworykin,  G.  A.  Morton,  E.  G.  Ram- 
berg,  J.  Hillier,  and  A.  W.  Vance 
1945  Approx,  pages  759  Probably  $10.00 
A comprehensive  coverage  of  the  entire  field, 
presenting  a thorough  discussion  of  various  types 
of  electron  microscopes,  and  offering  a survey 
of  theoretical  and  practical  electron  optics. 
Ready  in  December. 

TIME  BASES— (Scanning  Generators) 

Rv  O.  S.  Puckle 

*943  204  Pages  $2.75 

Covers  the  subject  from  both  the  design  and  the 
development  points  of  view;  assembles  more 
time  bases  circuits  than  have  heretofore  been 
available  in  one  volume. 

HOW  TO  PASS  RADIO  LICENSE 
EXAMINATIONS— Second  Edition 

By  Charles  E.  Drew 

*944  320  Pages  $3.00 

This  revised  edition  of  a well-known  book  offers 
recent  material  for  amateur  radio  operators, 
radiotelephone  and  telegraph  operators,  whether 
m the  broadcasting,  marine,  aeronautical,  or  any 
other  field  of  transmission  or  reception. 


APPROVAL  COUPON*--— 

JOHN  WILEY  & SONS.  Inc. 

440  Fourth  Ave.,  New  York  16.  N.  Y 

otherwise  I will  return  the  books  postpaid.  indicated  price  plus  postage; 

Name  

Address  

City  and  State 
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a temperature  of  approximately 
75  C. 

An  important  feature  of  the  oven 
is  the  trigger  wire  G placed  in  close 
proximity  to  the  thermostat  and 
connected  in  series  with  the  heater. 
This  wire  raises  the  temperature 
of  the  thermostat  as  the  heater  is 
turned  on,  causing  the  thermostat 
to  open  without  waiting  for  the  heat 
to  be  conducted  to  the  thermostat 
through  the  air  space  D.  Such  ac- 
tion prevents  overshooting  and 
makes  for  uniform  temperature  in 
the  air  space  D. 

Anticipating  Action 

Operation  of  the  thermostat  is 
an  intermittent  opening  and  closing 
of  the  switch,  producing  heat  pulses 
in  the  main  heater  E.  The  pulses 
range  from  10  per  minute  at  minus 
40  C to  1 per  .minute  at  plus  70  C. 
By  this  type  of  pulsating  action,  air 


Cutaway  view  oi  the  crystal  oven  for 
aircraft  radio  equipment  that  auficlpates 
temperature  change* 

in  the  insulating  chamber  D is  more 
rapidly  heated  whenever  the  ambi- 
ent temperature  drops  and  con- 
versely it  is  less  rapidly  heated 
when  the  ambient  rises,  thus  acting 
upon  the  insulating  air  in  such  a 
manner  that  temperature  changes 
are  anticipated  before  they  reach 
the  oven. 

The  oven  is  designed  to  operate 
over  an  ambient  temperature  range 
of  minus  40  C to  plus  70  C with  the 
frequency  drift  not  exceeding  plus 
or  minus  0.001  percent.  At  five 
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When  the  Factory  says  "No" . 


...We  Say 


"YES!" 


One  of  the  biggest  questions  in  the  minds  of 
most  business  men  today  is  “when  can  we  have 
the  completed  new  products  ready  for  con- 
sumer sale?” 

Every  meeting  of  the  new-product  planning 
board  is  sure  to  find  the  “factory”  being 
pressed  by  the  sales  department’s  “when?”. 

Yea  Caa't  Blase  the  Factory! 

It  would  take  more  than  a Houdini  to  extri- 
cate production  lines  from  the  hang-overs  of 
war-time  schedules  which  linger  with  us. 
Certain  departments  must  yet  be  kept  on  some 
military  production. 

So  when  the  factory  manager  says  “no”  to  your 
pressure  for  a delivery  promise,  why  not  sug- 
gest to  him  that  he  isolate  the  parts  or  assemb- 
lies that  are  likely  to  cause  the  delays — and 
turn  a good  sub-contractor  loose  on  them? 


Let  Lewyt  Do  It 

For  over  fifty  years  we’ve  been  pinch-hitting 
for  other  manufacturers  . . . producing  parts 
or  assemblies  for  them  and  dove-tailing  our 
assembly  lines  into  their  production  schedules. 

We  have  developed  techniques  and  shortcuts 
that  enable  us  to  work  wonders  with  the  cal- 
endar. Maybe  we  can  help  you  beat  the 
delivery  date — and  save  you  some  money  in 
the  process,  too! 

At  any  rate  it  won’t  hurt  to  find  out  why  some 
of  America’s  leading  industries  have  decided 
that  it  is  a good  policy,  when  facing  a bottle- 
neck in  the  plant,  to  “Let  Lewyt  Do  It”. 

★ ★ ★ 

Write  on  your  business  stationery  for  48-page  book,  " Let 
Lewyt  Do  It” — the  story  of  the  Lewyt  organization  in  pic- 
tures. Lewyt  Corporation, 62  Broadway, Brooklyn  ll.N.Y. 


tot  MOM  THAN  50  YUM  A CONTRACT  MAHUFACTUMt  . . . Otitm  STAFflD  TO  N0DUCE  COMPim  UtCTWNIC  AND 
MECHANICAL  ASS  EMILIES,  COMPONENT  PANTS,  SUt-ASSEMtUES  AND  METAL  PtOOOCTS,  TO  THE  MOST  HA 


BUY  VICTORY  BONDS 
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Our  large  assortment  of  stock  dies  may  fit  your 
requirements  and  result  in  real  savings  for  you. 


WILLOR^ 

jn^nu^tu^tu/u^uf  Grip. 


WILLOR 

STAMPINGS 

A modern  plant, 
including  designing, 
Tool  and  Die  mak- 
ing — automatic 
stamping  — machin- 
ing — welding  — 
assembling  — spray- 
ing — large  or 
small  production 
runs  — special 
custom  built  prod- 
ucts, at  low  cost. 

A Service  . . . 
Complete  from 
Design  to 
Finished  Product 


WILLOR 


If  your  product  is  in 
the  development 
stage  or  finished  blue- 
print, write  WILLOR 
for  quotations. 

You  will  find  our 
plant  is  prepared  to 
produce  to  meet 
your  needs. 


is  your 

definite  assurance 
of  SKILL  and 
ACCURACY  for 
PERFORMANCE. 


794  B EAST  |40th  STREET,  NEW  YORK  54.  N.  Y. 
MELROSE  5-6085 

OVER  40  YEARS  OF  EXPERIENCE 


megacycles  this  would  mean  plus  or 
minus  50  cycles,  and  with  properly 
cut  crystals  the  oven  will  operate 
to  considerably  less  than  halt  this 
tolerance.  The  actual  total  tempera- 
ture deviation  of  the  oven  is  one 
degree,  and  the  temperature  swine 
at  any  one  ambient  does  not  exceed 
three  degrees. 

The  heater  was  designed  to  oper- 
ate on  24  volts  a-c  or  d-c.  However, 
it  was  found  that  the  oven  is  effi- 
cient at  lower  voltages  when  the 
temperature  range  is  limited  to  a 
point  where  the  heater  will  not 
operate  continuously.  Power  con- 
sumption varies  from  one  watt  at 
6 volts  to  approximately  14  watts  at 
24  volts.  From  five  to  eight  minutes 
are  required  to  enable  a cold  oven 
at  minus  40  C to  warm  up  suffi- 
ciently to  provide  stabilized  fre- 
quency. 

• • o 

Piggieback  Transceiver 

Originally  developed  as  a small 
receiver  - transmitter  combination 
for  airborne  troops,  the  SCR  694, 
as  illustrated,  is  credited  with  be- 
ing one  of  the  most  versatile  units 


Twonty  pounds  of  transmitter-rscsiv« 
in  the  single  case  of  model  SCR  694.  1 
the  right  Is  the  battery  pocket.  i”™*' 
connected.  With  cover  In  place.  U» 
set  Is  watertight  enough  to  float 
out  damage 

ever  sponsored  by  the  Army  Sign** 
Corps.  Infantry,  artillery,  amphi 
ious,  and  Navy  forces  have  foun 
useful  tasks  for  it  as  well. 

The  receiver  is  a sensitive  6-tube 
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(2n  'l/nu&ual  Service 

^ PRECISIORcW^ 


irsa*  TLAS  . . . with  its  highly  technical 
staff  of  400  engineers,  machine  and  product  designers  and 
toolmakers,  is  now  in  position  to  offer  the  services  of  its 
personnel  and  complete  machine  and  assembly  sections  to  a 
few  manufacturers  who  require  precision  sub -contracting  of 
radar  units,  instruments  or  other  types  of  difficult  assemblies. 

We  have  undertaken  and  successfully  produced  many  secret 
components  for  war  plants  and  with  that  experience  have 
something  to  offer  you  that  goes  far  beyond  the  abilities  of 
the  normally  "good”  plant. 

Here  is  what  we  can  do  for  you: 

I  Provide  complete  engineering  service  for  new  projects  . . . 
finish  your  partially  completed  work. 

II  Design  and  build  all  tooling  for  production  (either  in  your 
plant  or  ours). 

III  Produce,  assemble  and  test  intricate,  precise  units  or  pro- 
ducts  on  sub-contract. 

IV  Design  and  build  high  speed  automatic  special  machines 
for  any  type  of  production. 

On  request  we  will  send  you  the  Atlas  brochure  which  explains  in  detail 
all  of^ur  services  and  pictures  the  modern  engineering,  machine  and 
assembly  sections  of  our  plant.  If  you  desire  quick  action  telephone 
or  telegraph  for  a consultation  with  one  of  our  key  men.  t is  qui 
probable  that  we  can  lift  "a  load  off  your  shoulders  onto  ours  . 


ffn  Gward  /for 


(precise  (pradudion- 


ATLAS  TOOL  & DESIGNING  C 
ATLAS  METAL  STAMPING  C 
Castor  & Kensins*#"  *ves-'  P*1'*0- 
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TRANSCEIVER 


(continued} 


^ar  *]ndu4t'Uf, 


Yours  for  the  asking 


A new  informative  booklet  on  gears. 
It  has  illustrated  sections  Qn 

practically  every  known  form  of  gearing, 
together  with  many  reference 

tables  and  formulas.  Write  for  your  copy 
today  on  your  company  stationery.  '( 


<1 


uaker  City  Gear  Works 


ncorporated 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 


unit  that  operates  a loudspeaker. 
It  has  a built-in  calibration  oscil- 
lator which  supplies  a standard  for 
tuning,  and  a netting  control  which 
facilitates  adjusting  both  the  trans- 
mitter and  receiver  to  exactly  the 
same  frequency.  A sensitivity  con- 
trol allows  operation  of  the  receiver 
near  another  transmitter  without 
blocking.  Both  the  receiver  and 
transmitter  operate  on  a-m  signals 
and  cover  a frequency  range  of  8.8 
to  6.5  me. 

The  radio  units,  without  the 
panel  cover,  are  moistureproof  and 
fungusproof,  being,  therefore,  ex- 
tremely efficient  and  stable  for  use 
in  tropical  climates. 

For  vehicular  operation  the  radio 
is  powered  by  a vibrator  supply 
which  functions  from  a 6-,  12-,  or 
24-volt  source.  This  feature  affords 
flexibility,  which  allows  the  radio 
to  be  installed  in  motor  vehicles, 
tanks,  and  planes.  For  field  use 
the  radio  is  powered  by  a new  type 
of  hand  generator  with  chain  drive. 

The  transmitter  provides  phone, 
cw  or  mew  operation.  It  has  s 
power  output  of  25  watts,  an  ap- 
proximate range  of  65  miles  with  a 
whip  antenna  in  a vehicle,  and  a 
range  of  several  hundred  miles 
when  a long  wire  antenna  is  used. 


I 


Audio  Design  for 
Battery-Powered  Receivers 

To  DESIGN  RECEIVERS  capable  of  high 
efficiency  over  a long  operating 
range  of  battery  voltage,  Sylvania 
Electric  Products  suggests  the  use 
of  tubes  optimized  for  low  voltage 
conditions.  Such  types  include  the 
1LB4,  1LD5,  1LC6,  and  1LC5.  Port- 
able receivers  present  the  alterna- 
tives, for  battery  economy,  of  using 
a maximum  supply  of  45  v or  using 
a 90  or  67J-V  battery  allowed  to 
fall  below  the  usual  end-of-life  volt- 
age. 

Considering  the  design  of  an  ' 
audio  section  using  a 1LD5  resist- 
ance-coupled to  drive  a 1LB4,  since 
the  optimum  values  of  load  and  bias 
resistors  differ  for  the  three  oper- 
ating conditions,  and  since  it  is  no 
practical  to  change  these  values  m 
service,  compromise  values  must 
selected  to  give  satisfactory  opera 
tion  over  the  desired  voltage  range. 
Figure  1 shows  the  effect  on  power 
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"IT  GOT  HERE 
PERFECTLY  DRY 


^ J 

L*  W - 

Itsl  IIP 

. 4 \ * At* 

SILICA  GEL 

PROTECTS  TELETYPE*  EQUIPMENT 
FROM  MOISTURE  DAMAGE  • • • 


Yes  . . . this  Teletype  printer  arrived  '’per- 
fectly dry"  . . . thanks  to  lay  Cee  Silica  Gel 
— which  is  protecting  innumerable  over-seas 
shipments  of  delicate  machines,  instruments 
and  weapons  from  moisture  damage. 

A few  small  cotton  bags  containing  this 
ideal  drying  agent  are  enclosed  in  the  box  or 
carton  with  the  equipment.  The  phenomenal 
power  of  lay  Cee  Silica  Gel  to  absorb  the 
atmospheric  moisture  within  the  container 
prevents  rust  or  corrosion  in  transit.  Jay  Cee 
Silica  Gel  is  also  used  in  packages  of  foods, 
fabrics,  chemicals,  and  other  products.  More- 
over, it  has  wide  application  in  the  air  con- 
ditioning, refrigeration,  and  chemical  indus- 
tries. Jay  Cee  Silica  Gel  is  clear  white; 
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passes  a rigid  section  test,  meets  exacting 

Government  specifications;  is  strictly  a 
quality  product. 

JOBBERS  WANTED — A few  excellent  Jay 
Cee  Silica  Gel  sales  territories  are  still  open 
to  jobbers.  Write  for  details. 

* Registered  trode-morfc 


i 
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AUDIO  DESIGN 


(continue 


Thp  many  specialized  Permoflux  designs  and  engineer- 
ing  developments  that  have  sa  notably  demonstrated 
their  superiority  in  wartime  applications  are  avail- 
able to  improve  the  performance  of  your  peacetime 
products.  Why  not  consult  specifically  with  our 
representative  on  your  own  problem? 


PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 


output  of  changes  in  load  and  bias 
resistances.  The  data  shown  art 
with  the  maximum  signal  whirl 
gives  10  percent  total  distortion. 

Values  selected  for  best  average 
performance,  considering  the  plate 
current  drain,  are  1500  ohms  f« 


Fig.  1 — Plot  oi  .fleet  on  pome  r 
ol  changes  In  load  and  bias  i 
lor  type  1LB4  tube 


biasing,  and  12,000  to  16,000  ohms 
load.  As  shown  by  the  curvm,  the 
value  of  load  resistance  becomes  less 
important  at  the  lower  voltage  bnt 
the  lower  values  of  bias  resistance 
cause  a disproportionate  increase  in 
current  drain  for  a small  additional 
power  output.  Values  of  output 
power  shown  include  that  lost  in  the 
output  transformer,  as  the  test  cir- 
cuit used  a choke  having  100  ohms 
resistance  which  approached  ideal 
conditions. 

Filament  voltage  was  maintained 


Fig.  2— Circuit  used  with  formula!  I" 
text  lo  calculate  by-pass  capec*' 
values  by  rapid  msthod 


at  1.4  volts  so  another  variable 
would  not  be  introduced. 

Audio  Bypass  Values 

The  circuit  in  Fig.  2 relates  to 
a short-cut  method  of  calculating 
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where  industries  grow  great 


Fob  over  150  years.  Southern  New  England’s 
first  manufactures— firearms,  clocks,  copper  and 
brass— have  been  growing  more  and  more  famous. 

Products  of  other  industries  which  followed  have 
won  wide  acceptance,  too . . . such  as  Rhode  Island’s 
paint,  rubber  goods,  wire,  cable,  tools,  textiles,  glass- 
ware, piping,  packaged  foods,  silverware,  machines. 

That’s  because  Southern  New  England  has  lived 
from  the  start  in  an  atmosphere  of  inventiveness, 
progress  and  opportunity,  and  manufacturers— quick 
to  sense  its  value— have  come  by  the  hundreds  to 
join  those  already  established. 

The  result  is  that  Southern  New  England  today  is 
the  greatest  industrial  area  per  square  mile  in  the 
world. 

The  skill  of  her  people— "know-how”,  if  you  please 
—goes  back  for  generations. 

And,  what  is  equally  important,  so  does  the  under- 
standing, sympathetic  attitude  of  the  whole  com- 
munity, for  it  realizes  that  it  owes  its  growth  to 
industry. 

furthermore.  Southern  New  England  has  always 
been  closest  to  the  richest  markets  of  America  and 
Europe.  Today  there  are  58,000,000  domestic  custo- 
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mers  alone  for  Southern  New  England’s  goods  who 
live  within  500  miles,  to  say  nothing  of  the  vast 
foreign  trade  that  will  be  served  through  Southern 
New  England’s  own  seaports  during  the  peacetime 
era  ahead. 

We  believe  there  is  a place  for  your  new  or  expand- 
ing business  in  Southern  New  England. 

A place  for  your  family,  too  . . . because'  Southern 
New  England  is  a region  just  as  inviting  for  good 
living  as  it  is  for  manufacturing. 

A full-color  booklet  is  yours  for  the  asking:  South- 
ern New  England  For  Tomorrow’s  Industry”.  Get 
your  copy  by  writing  to  P.  E.  Benjamin,  Manager 
of  Industrial  Development,  The  New  Haven  Rail- 
road, 80  Federal  Street,  Boston  10,  Massachusetts. 

This  is  one  of  a series  of  advertisements  presenting 
the  industrial  advantages  of  Southern  New  England. 

wNew&EaveN'* 

Serving  SOUTHERN  NEW  ENGLAND  with  a network  of 
rail  and  highway  transportation  that  puts  every  manu- 
facturer "ON  THE  MAIN  LINE." 
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r"  Ot'o 200  to 1 tbzt  ^1 

SIGMA  HAS  THE  BEST*II 
SENSITIVE  RELAY  FOR  YOU 


TYFf  4 (or  5)  RJLB2 


This  is  the  Series  4 relay  with  open  frame  con- 
struction.'It  is  compact  {!%"  x \%"  x 
fast  {2  - - 3 milliseconds  with  sufficient  power), 
sensitive  (.010  watts  minimum). 


TYPES  4A  AND  4R 

These  are  the  basic  Series  4 construction  with 
enclosures.  The  4A  is  2%"  diameter  and  2%” 
high,  the  4R  »/2"  x |«/2"  x 2%".  Both  have  a 
5-pin  plug  in  base.  The  4A  can  be  sealed  (4AH). 


TYPE  5F 

This  is  the  Series  5 relay  with  open  frame  con- 
struction. It  is  exceedingly  sensitive  (.0005  watts 
minimum),  very  rugged,  precise  in  operation 
even  tinder  extremes  of  temperature  and  vibra- 


TYPES  5R  AND  4 (or  5)  RJLB2 
5R  is  the  Series  5 construction  in  an  enclosure 
(1/^  x 1^2  * 2%  ) with  a 5-pin  plug  in  base. 
The  RJLB2  is  a hermetically  sealed  enclosure 
with  two  mounting  bolts  available  for  both  the 
Series  4 and  5 relays. 


•Throughout  the  war  period  there  were  some  200  makers  of  general 
purpose  relays  but  we  believe  only  SIGMA  produced  exclusively 
precision  sensitive  relays  having  accurate  characteristics  at  low 
imput  and  independent  of  environment. 

Sigma,  ...  A recognized  leader  in 

/ the  Sensitive  relay  field,  offers  YOU  a 

q^'ity  product,  priced  right  and  en- 
VlUll///  / gineered  to  meet  your  specifications. 

V.  *,rHm  ,od°y  exploiting  your  requirement,. 

Sigma  Instruments,  ise. 

2 relays  

62  CEYLON  ST-  BOSTON  21,  MASS. 


AUDIO  DESIGN 

the  values  of  bypass  capacitors  C„ 
and  Cc.  Depending  mainly  upon  the 
frequency  characteristics  required 
and  where  the  low-frequency  limit 
is  /„  Co,  = (1.6  x 10.)/(f,fi„)  ^ 
and  Cc  = (1.6  x 10*) /(/A,)  pf. 
This  method  is  quite  rapid  and 
gives  conservative  values  with  a 
loss  from  incomplete  bypassing  less 
than  one  percent.  Capacitor  site 
can  be  halved  where  economy  is  es- 
sential unless  stages  are  cascaded 
and  highest  quality  is  required. 


Modulated-Air  Super 
Speaker 

Applying  the  principles  by  which 
the  human  larynx  uses  vibrating 
vocal  cords  to  modulate  air  flow 
from  the  lungs,  a super-power  loud- 
speaker substitutes  an  air  compres- 
sor and  a modulating  air  valve. 

As  shown  in  an  accompanying 
illustration  the  unit  was  given  tests 
which  showed  a coverage  up  to 
four  miles  under  favorable  condi- 
tions. Messages  spoken  in  a whis- 


Fluid f low  unit  in  cross-section.  IdenUfl- 
cation  oi  parts  is  in  ths  text  Modula- 
tion of  comprossor-suppUad  air  is  ac- 
complished at  Interface  G 

per  were  audible  as  far  as  a mile 
through  high  noise  levels/  It  has 
been  heard  as  far  as  18  mi. 

This  particular  model  operates 
at  20  to  25  psi  of  air  and  dissipates 
15  to  20  w of  audio  power.  Higher 
pressures  produce  greater  outputs 
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insert 


parts  fabricated 

BY  ROGERS 


KAYGREY  magneto 
insulator 


KAYGREY  radio 
dust  cover 


THEY'RE  ALL  USING  BM-9725 
-ANOTHER  ROGERS-BORD 


DUROK  capacitor 
can  liner 


BAYRU  packing 
list  protector 


INDUSTRY  hand*  this  ROGERS-BORD  to 
its  customers  in  ever-increasing  quantities. 
Made  exclusively  for  Bakelite  Corporation 
and  identified  as  BAKELITE  molding  plastic 
BM-9725.  it  is  a high-strength  thermo-setting 
plastic  used  for  a multitude  of  products  re- 
quiring extra  ruggedness. 

While  ROGERS  does  no  plastic  molding, 
its  complete  Fabricating  Division  helps 
molders  by  producing  BM-9725  blanks  of 
correct  weight  and  thickness  and  proper 
shape  for  easier  molding.  ROGERS  has  thus 
simplified  production  of  many  kinds  of  high- 
strength  plastic  articles. 

And.  as  shown  in  the  panel  above,  other 
ROGERS- BO RDS  — plastic  and  non-plastic 
— can  be  formed,  drawn,  punched  and 
shaped  by  ROGERS  into  a wide  range  of 
components. 
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To  learn  more,  check  and  mail: 

□ Send  me  ihe  ROGERS  EXHIBIT  BOX, 
containing  iabricated  parte  and  eamplee 
of  Rogers-Bord. 

□ Have  a Rogers  representative  bring 
samples  and”! abricated  parts. 

I — I We  are  enclosing  blueprint  lor  sug- 
— gestions  and  quotation. 

COMPANY - • 

ADDRESS - - - 

NAME- 

ROGERS  CORPORATION 

Formerly 

The  Rogers  Paper  Manufacturing  Co. 

107  Mill  St.,  Manchester,  Cons. 


‘BAKELITE  BM-9725 

PRODUCTION  STEPS 

MANUFACTURING 

FABRICATING 
BY  ROGERS 

MOLDING 

Jl 

Phenolic  rosin 
and  cellulose 
liber  shoots. 

Sheets  blanked 
to  molders’ 
requirements. 

Unite  handle 
aolded  from 
blanks. 
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Jobber  for  new 


... < RMS  line 


P.  A.  SPEAKERS 
PSD- 12  Dual 
also  PS-12  Single 


LRP-5 

LRP-15  front  grill 


Walnut  Veneer 
R P-200  Blank 
R P-1 00  Cut-out 
RPA-300 


Your  JOBBER 

adding  these  NEW 
Fast  Moving 

leatherette 
PORTABLES 

to  the  popular 

® 

profit-pulling  line 

Here  is  a new  group  of 
timely  items,  you  will 
certainly  want  to  nave. 

It  has  the  same  eye  ap- 
peal,  solid  construction 
and  right-pricing  that 
has  made  all  RMS  prod- 
ucts a quick  success  with 
dealers  and  service  men 
from  coast  to  coast. 

If  vou  want  to  see  action, 

a,k  your  JOBBER  to  take 

your  orders  now  for  early 
deliveries. 

leatherette  portables 
and  CASES  for  PHONOS, 
AMPLIflERS  & INTERCOMS 
and  many  other  cabinet 


PA-  12 

10"  and  12"  records 


PC- 16  TRANSCRIPTION 
CASE 

tor  16'  Records 


SPEAKER  BAFFLES 
5 sizes  5"  to  12" 
same  in  Walnut 


Radio  Merchandise  Sales 

550  WESTCHESTER  AVE..  NEW  YORK  55,  N.  Y. 
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"Tenshun-Line  Up-Make  It  Snappy!" 


Typical  of  the  many  varieties  of 
Permanent  magnets  designed  and 
made  by  Cinaudagraph. 


• We're  "domains"  attached  to  the  5th  Regiment  ot 
ALNICO  Magnetiers.  But  we're  not  of  much  use  until 
put  through  a strenuous  drill  session  by  tough  old 
Sergeant  Flux.  He's  the  one  who  lines  us  up  and  makes 
us  permanently  good  soldiers,  ready  to  do  the  job  when- 
ever called  upon. 

Yes,  ALNICO  V is  a metal  that  must  be  heat-treated  in 
a magnetic  field  ...  a strange  phenomenon  not  to  be 
found  in  other  magnet  metals.  Knowing  how  to  heat-treat 
and  how  to  further  prepare  not  only  ALNICO  V but  the 
other  magnet  metals  is  one  reason  why  Cinaudagraph 
Engineers  have  been  called  upon  to  serve  many  com- 
panies manufacturing  apparatus  requiring  a magnetic 
field.  Further  details  of  some  of  our  observations  on  the 
important  subject  of  permanent  magnets  are  given  in  an 
interesting  pamphlet — PERMANENT  MAGNET  DE- 
SIGN. Shall  we  send  you  a copy? 

II-CC-I 


CINAUDAGRAPH 

CORPORATION 


2 SELLECK  STREET  STAMFORD.  CONNECTICUT 
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3A.  The  conditions  represented  in 
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this  circuit  are  that  the  grid-cath- 
ode bias  is  obtained  through  R„  to 
a tap  on  R,„  this  tapped  portion 
being  small  enough  compared  to 
Rt.  to  be  neglected;  and  that  x is 
the  ratio  of  the  effective  output 
load  to  the  normal  output  imped- 
ance, \/gm  (a  fact  to  be  deduced 
later).  This  circuit  indicates  that 


Fig.  1 — Terms  and  symbols  used  In 
text.  Inter-electrode  capacitances  are 
understood  to  be  a part  of  the  various 
Impedances 


Master  control  desk  at  CBC  listening  post  near  Ottawa.  A Marconi  diversity 
wave  receiver  in  the  background  covers  the  irequencies  from  5 to  25  Me. 
operators  patrol  the  air  lanes  IB  hours  a day 
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THE  ELECTRON  ART 

Anolysit  of  Cathode  Follower ^ 

Sensitive  Gas  Relay  Tube 

Synchronous  Time  Base 

Cathode-Ray  Q Meter *62 

Analysis  of  Cathode  Follower' 


Equivalent  circuits  for  input  and 
output  impedance  and  equations  for 
the  gain  of  a cathode  follower  are 
derived  by  C.  N.  Jeffery  in  the 
A.W.A.  Technical  Review,  March 
1946.  It  is  assumed  that  the  input 
signal  is  small  enough  to  ensure 
linear  operation  and  that  grid- 
cathode  conductance  due  to  transit- 
time and  dielectric  loss  is  negligible. 

Input  Impedance 

Symbols  are  identified  in  Fig.  1 
and  Table  I.  From  conventional 
circuit  analysis  the  input  imped- 
ance is  found  to  be 

Zi*  =■  [TpZiUrp  4*  Zi)\  -f-  Z9k  4- 

9mZgk[rp  Zil(rp+  Zi)]  (1) 

The  equivalent  circuit  for  input 
impedance  is  that  of  Fig.  2. 

At  low  frequencies  where  inter- 
electrode and  distributed  reactances 
are  considerably  greater  than  re- 
sistances in  parallel  with  them  the 


Table  I — Cathode  Follower  Circuit  Symbole 

Z,p  Grid-pUU  Impedance  (attained  to  be 

- ;/«Cm> 

Z,k  - Grid-cathode  impedance,  a capacitance 

— i/uCgk  which  may  be  ihunted  by  retitlance 
R»k 

Zke  — Cathode-earth  impedance,  normally  resistor  Rk, 
contiderebly  treater  than  1/*«,  th anted  as  di- 
ctated 

Zo  - Internal  Impedance  of  generator  of  emf  eo  con- 
nected to  terminelt  1 , 2 

Zc  — Impedance  of  load  connected  to  terminal!  3,  4 

Zi  — Zl,  Zke  In  parallel 

Zi  — Zo,  Ztp  in  parallel 

Zj  — Zl,  Zke,  r>  In  parallel 

Zin'  — Inpat  impedance  wlthoat  Z„  in  parallel 

Zin  - Inpat  impedance  with  Ztp  in  parallel 


input  resistance  is  increased,  par- 
ticularly if  * is  large.  In  practice 
the  load  is  generally  a resistance  of 
the  order  1 /gm,  thus  the  input  re- 
sistance is  2 R,k  + 1/flTm- 
At  high  frequencies  where  inter- 
electrode  reactances  are  much  less 
than  their  associated  resistances, 


if  the  load  is  capacitive  the  equiva- 
lent circuit  is  that  of  Fig.  3B.  The 
negative  resistance  term  may  pro- 
duce oscillation  if  the  generator 
and  input  impedances  combine  to 
form  a resonant  circuit.  The  nega- 
tive resistance  can  be  neutralized 
by  a series  resistance  whose  value  is 
„ „ (l/g„)  (C,C,t/C,pi) 

• 1 4-  (««/!.■)  (C,  -f 

+ c,ctt/c„y  (» 

Because  there  will  be  some  damp- 
ing by  the  tuned  circuit,  the  re- 
quired grid  stopper  resistance  is 
less  than  this  value.  From  Gq.  2 
it  can  be  seen  that  R,  decreases 


Fig.  2 — Generalized  equivalent  input 
circuit  of  cathode  follower 

with  increasing  frequency  there-  | 
fore  parasitic  oscillations  at  high  j 
frequencies  require  only  a small 
grid  stopper. 

Some  control  may  be  exercised 
over  C,  which  should  be  kept  low. 
An  example  arose  in  practice:  Out- 


CANADIAN  MONITORS 


SIMPLIFIES  ACCESS  PANEL  ASSEMBLIES. 

A 90°  turn  locks  and  unlocks  it  in  a Jiffy. 
quick-lock  requires  no  special  tools. 
Flexible  mounting  and  tapered  stud 
makes  it  ideal  for  assembling  curved 
sheets  and  insures  tight  fit  when  locked. 
Stud  is  self-ejecting  when  unlocked. 
Minimum  deflection  is  assured-only  ini- 
tial loads  are  carried  by  helical  spring. 
8olid  supports  take  increased  loads. 
Let  quick-lock  solve  your  problems. 


SPRING-LOCK 

ONE-PIECE  BLIND  FASTENER.  Inexpensive 
one-piece  assembly  speeds-up  blrnd  in- 
stallation...  requires  no  nute’ r®cep^5t  f’ 
lock  washers  or  threading.  sp*™G'L°c*tls 

self  adjusting  for  various  material  thick- 
nesses. Locks  and  unlocks  with  a Charter 
turn. ..can  be  permanently  installed  as 
blind  rivet ...  cannot  work  loose  from  vi- 
bration.  Locks  with  high  initial  load 
without  deflection. 


LOCK  NUT 


WRITE  FOR  SAMPLES 


SIMMONS  FASTENERS 

SIMMONS  FASTENER  CORPORATION,  1750  No.  Broadway,  Albany  1,  N.Y. 


DOUBLE  DUTY-LOCK  NUT  and  STOP  NUT. 

An  all-purpose  safety  nut  that  reduces 
assembly  time.  One  end  of  safety  ring 
engages  nearest  serration  on  bolt  thread. 
7 Serrations  provide  14  locking  positions 
oer  revolution.  Serrations  can  be  cut  by 
simple  broaching  operation  In  a fraction 
of  the  time  required  to  drill  cotter  pin 
hole  Can  be  used  as  stop  nut  without 
serrated  thread  for  close  adjustment 
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CATHODE  FOLLOWER 


m 


m 


put  of  a cathode  follower  was  con- 
nected to  a long  cable.  On  discon- 
necting the  cable  load  oscillation  in 
the  cathode  follower  commenced 
due  to  the  large  capacitance  of  the 
unterminated  cable. 

If  the  cathode-earth  impedance 
is  effectively  a resistance  iJ,  of  value 


7 
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OUR  metallurgical  and  chemical  experts,  working  in 
close  collaboration  with  Electronic  Engineers,  have 
proven  an  important  factor  in  the  solution  of  many  difficult 
soldering  problems. 

The  achievements  of  the  Glaser  Staff  in  bringing  soldering 
media  under  advanced  scientific  control  constitute  a noteworthy 
contribution  to  the  Electronic  Industry. 

Glaser  Solders  form  a permanent  bond  be- 
cause, first  and  foremost,  they  are  made  of 
Grade  A virgin  metals.  Perfect  performance  jgtfEp&lg. 
is  further  assured  by  the  correct  proportion-  pSIf 

ing  of  the  flux  core  to  meet  specific  uses. 

Glaser  Plastic  Rosin  Core  Solders  are  widely  vj£r 

used  in  the  manufacture  of  fine  electronic 
and  radio  equipment  for  the  Signal  Corps  and  OTHER 

other  branches  of  the  military  service.  Glaser  PRODUCTS 

Plastic  Rosin  Flux  is  non-conducting,  non-cor-  SIl¥tr  |rcdllg 
rosive  and  non-hygroscopic.  $lW*r  “■d 

Glaser  Solders  are  your  guarantee  of  con-  •vwy 
tinuous  satisfactory  performance  under  the  J-in-i  h< 

most  exacting  service  conditions.  And  re-  ^ 

member,  Glaser  Solders  go  further,  enabling  Compo.i 

you  to  cut  soldering  costs.  Furnished  in  every  6*lym,u 

gauge  and  alloy.  rasTrfocia«<or 


Ctour  2-ln-l  Hot 


Cotnpoaod  for 
rosorfoelog  or 
toocklog  op 
dootogod  galvoohod 

Glaser  Rosin  Coro  Solders  mm 

exceed  government  sped-  •* 

fkatlons  le  purity,  and  mrr  d riptl  - 
are  guaranteed  to  meet  Uad  LMut  el 

A.S.T.M.  Class  A spedfi-  «iotEid  iSls. 

cations  for  solder. 

Co nautt  oar  Englaoorlag  Dapartmoat  on  your  aoldorlng 
and  flax  proMomt,  without  obligation. 

GLASER  LEAD  CO..  INC. 

31  Wyckoff  Avenue,  Brooklyn  27,  N.  T. 


OUR  23RD  TEAR  OF  DEPENDABLE  SERVICE  TO  AMERICAN  INDUSTRIES 
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Ready  Now . . . the  New  1946 


¥ 


EASTERN  AMPLIFIERS 

Q 


i UALITY  performance  is  the  keynote 
' of  the  new  1946  21 -Star-Feature 
series  of  Eastern  Amplifiers.  Each 
model  contains  the  many  built-in  features 
exclusively  listed  as  Eastern  developments 
and  innovations. 

The  21  Star  Features  include  the  new 
Eastern's  *AMPLITUBE,  a unique  circuit 
component,  insuring  constant  operation  un- 
der all  conditions— Eastern’s  ‘UNICABLE 
construction,  eliminating  the  troubles  asso- 
ciated with  old-fashioned  "floating  com- 


ponents—Eastern's  ‘ROTO-VUE  scale  dials 
—Eastern's  "Coded  Cable  Wiring  Harness” 
—and  many  other  Eastern  contributions  to 
"Soundest  Sound”  values.  And  back  of  this 
1946  picture  stands  Eastern’s  well-known 
policy  of  "Ethical  Engineering.” 

For  complete  information  and  price  list 
—for  the  first  edition  of  our 
1946  Catalog-write  today! 

Eastern  Amplifier  Corpora- 
tion, 794  E.  140th  St.,  New 
York  54,  N.  Y.-Dept.  llF. 
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ELECTRONIC  EQUIPMENT 

PRODUCED  BY 

tech  lab 


SUBCONTRACTING  DEPT. 


manufacturers  of 
electrical  resistance 

N STREET,  JERSEY  ( 


cathode  fouoweh 


The  damping  effect  i 
tuned  circuit  is  less  ii 
a triode  than  for  a p< 
If  the  cathode  foil, 
inductive,  the  equivale 
that  of  Fig.  3D. 

Output  Imped, 

From  analysis  of  ti 
circuit,  the  general 
of  a cathode  follower 
that  of  Fig.  4.  At  low 
where  in  normal  pra, 

1/ 9m,  p > 1 or  r,  > ]/ 
vided  Re  > Rit  the  oul 
distance  1/p,  and  the 


1 duces  to  that  of  Fig.  5 
In  Fig.  5B  where  th 
impedance  is  a capacit 
input  capacitance  is  is 
the  generator  impedam 
ductance  U and  the  f 
such  that  the  equivalen 
pedance  is  also  inductiv, 
and  C„  in  parallel  as  ii 
the  shunting  term  can 
zero,  negative,  or  positi 
ing  on  the  ratio  ///,  whe 
resonant  frequency  of 
circuit  L„,  C„.  If  L„  is 
oscillations  can  occur  o 
negative  resistance  term 
If  the  input  is  a tuned 
dynamic  resistance  R,  tl 
lent  circuit  is  that  of  Fi 
Z„  is  capacitive,  resonan 
cur  in  the  cathode  circus 
be  prevented  by  making 


Production  Test  Set  to  test  varistors.  A sens!- 
bridge  arranged  with 
switching  means  for 
quickly  checking  o 
number  of  varisters 
in  rapid  sequence. 


wheatstone 


Fig.  4 — Generalised  equirain 
circuit  oi  cathode  follow 


ode  impedance  more  resistiv 
ductive  or  by  damping  th, 
circuit.  If  it  is  essential  tl 
output  impedance  be  as  ns 
possible  a resistance  1/9-  1 
at  the  highest  operating  (n 
is  restricted  to  very  low  vail 
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OF  DELTABESTON 
RADIO  HOOK-DP  WIRES 


Deltabeston  Radio  Hook-up 
Wires  are  manufactured  in 
three  different  types  for  both 
low-voltage  and  high-voltage 
application.  These  wires  are 
used  extensively  in  radio,  elec- 
tronic and  communication 
equipment  in  aircraft  and 
ground  installations. 

All  Deltabeston  Radio  Hook- 
up Wires  are  fortified  with  a 
thermo-plastic  insulation.They 
are  designed  to  resist  heat, 
cold  and  moisture,  withstand 
high  abrasion,  and  repel  the 
action  of  flame  and  corrosive 
vapors.  Deltabeston  is  light  in 
weight,  flexible  and  small  in 
diameter,  which  makes  it  ideal 
for  radio  wiring  installations. 
There  are  twenty-one  stand- 
ard braid  patterns.  Other 
braids  can  be  furnished  to  meet 
customer’s  special  require- 
ments. Sizes  range  from  22 
through  6 but  larger  sizes  can 
also  be  supplied. 

Let  us  send  you  samples  and 
additional  information.  Write 
to  Section  Y-l  153-1 19,  Appli- 
ance and  Merchandise  Dept., 
General  Electric  Co.,  Bridge- 
port., Conn.  All  Deltabeston 
Wires  and  Cables  are  distrib- 
uted nationally  by  Graybar 
Electric  Co.,  G-E  Supply  Corp., 
and  other  G-E  Merchandise 
Distributors. 


Here’s  how  Deltabeston  Radio  Hook- 
up Wires  are  constructed  to  provide  the 
utmost  protection  for  the  completed 
electronic  equipment: 

1.  Tinned  copper  conductor — is  flexible, 
free  of  lumps,  kinks,  splits  and  abra- 
sions. 

Thermo-plastic  insulation — provides 
great  resistance  to  flame,  moisture  and 
has  high  dielectric  strength. 

3-  Lacquered  cotton,  glass  or  rayon  braid — 
makes  a smooth,  hard  finish  available 
in  colors  for  circuit  identification. 

4.  Tinned  copper  wire  shield — reduces 
radio  interference. 


BUY  ALL  THE  BONDS  YOU  CAN— AND  KEEP  ALL  YOU  BUY 


GENERAL  (§)  ELECTRIC 


sidered ; the  stage  gain — defined  as 
the  ratio  of  output  voltage  to  grid- 
earth  voltage ; and  the  overall  gain 
— defined  as  the  ration  of  output  to 
generator  input  voltages. 

The  stage  gain  is 

|*|  | l + l/g-z* 

(as  ill  + (1/a)  + (1/f a*)  + 

1*&I  (4) 

The  overall  gain  is 

\z„nz„  + Zo)  1 U + 1/iJA 

1+7+ii+i+ 

z,p  (r»  + Zi)z  a I 

(Z  a r ZgP)rpZigmZgk\ 

For  low  frequency  operation  Z„ 
is  very  large  thus  the  stage  gain  is 


Fig.  S— Cothoda  followar  outpnt 
cults  for  (A)  low  frequency.  (*) 
live  Input  (C)  inductive  input,  ond  (W 
resistive  input 

used.  Normally  Z,>  and  Z,  are  con- 
siderably greater  than  l/ff»  an“  1 
H » 1,  the  stage  gain  tends  towar 
unity.  If  in  addition  Z,  = 1/0*' 
the  stage  gain  is  i. 

At  high  frequencies  the  input im- 
pedance must  be  considered.  Nor 
mally  the  cathode  follower  is  *■ 
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Type  ER  Series.  Ambient  Compen- 
sated Time  Delay  Relays. 


Type  B-3120  Thermostat  and 
Heater, Crystal  Dew  Point  Control. 


Type  C-4351  Thermostat.  Used 
, for  Tube  Warming,  Tube  Cooling, 
High  Limit  Controls,  etc. 


require  no  babying 

in  control  or  protection  applications 

No  sir!  You  don’t  have  to  baby  or  coddle  Klixon  snap-acting  con- 
trols when  you  use  them  for  such  applications  as  motor  and 
transformer  overheat  protection,  electrical  circuit  overload  pro- 
tection thermal  time  delays  and  temperature  control  for  radio 
equipment.  These  compart,  sturdy,  light-weight  controls  “snap" 
the  circuit  wide  open  with  a quick  break  or  snap  it  close  to  a solid 
make  no  matter  how  often  they  operate.  The  actuating  element, 
a foolproof,  time-tested  Spencer  Thermostatic  Disc,  eliminates 
toggles,  magnets  and  other  complicated  parts  that  tend  to  wear 
and  get  out  of  order  . . . always  assures  dependable  performance 
regardless  of  position  of  mounting,  vibration,  motion  and  altitude. 
Klixon  co'ntrols  are  available  in  many  standard,  types  to  meet 
most  control  and  protection  requirements.  Our  engineers  will  help 
you  with  your  problems.  Write  for  complete  information,  today. 

SPENCER  THERMOSTAT  COMPANY,  ATTLEBORO,  MASS. 
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cathode  follower 


Here’s  a soldering  iron  with 


signed  to  feed  a resuti 

v^ue  1 /gm,  Z;tand 

capacitive,  and  if  ,,  ", 
gain  becomes  |(l  + y 
7“Cv»/0«)  |.  The  overall 
similarly  be  reduced  to 
expression. 

Conclutim 

it  is  difficult  to  define ; 
merit  for  comparing  va 
used  in  cathode  follows 
However  the  following 


ments  are  required  at  t 
frequencies:  low  output ; 
for  connection  to  concej 
or  low-impedance  netv 
high). 

Output  impedance  in 
of  generator  (input)  j 
( Clt  low). 

Freedom  from  oscillatio 
ode  impedance  becomes  c 
as  from  removing  the  lo; 
end  of  a transmission  line  i 
to  the  cathode  follower  ( 
high). 

High  input  resistance  u 
put  is  correctly  terminated 
high). 

From  these  requirement; 
tive  figure  of  merit  of  gj 
suggested.  Applying  this ! 
merit  to  typical  valves  i 
that  the  triode  is  appro.xiu 
percent  better  that  the  pen 
Where  input  capacitanct 
portant  C,t  should  be  con 
If  this  parameter  is  include 
figure  of  merit,  the  triode  is 
cent  better  than  the  penfix 
additional  material  on  cathi 
lowers  the  reader  is  refei 
Lockhart,  C.  E.  writing  ii 
tronic  Engineering  15, 287;  1 
and  16,  21  (1942-1943). 


* HEATS  IN  ONLY  90  SECONDS 

* maintains  proper  heat 

* CANT  OVERHEAT 

* LESS  RETINNING  NEEDED 

* TIPS  LAST  LONGER  i 

* COOL,  SAFE  HANDLE  M 

* IIGHT  WEIGHT 


has  anip!e  reserve  power  for 
your  soldering  jobs— 225  watts 
"f/W  he,d  'n  check  by  a thermostat 
built  right  into  the  iron*— main- 
M taming  ideal  temperature  for  perfect 
W soldering  — preventing  overheating 
(which  causes  deterioration  in  other 
•rons)— prolonging  life  of  tips  and  elimi- 
nating the  need  for  constant  retinning.  Be- 
des these  big  advantages,  the  Kwikheat  Iron 
ot,  ready  to  use  only  90  seconds  after  plug- 
'*  **lremely  light  (14  ounces),  well- 
-d,  and  has  a safe,  cool  handle.  No  wonder 
'S  !hSe.nS0H®n ^wherever  it  is  used.  Ask  your 

* t T.  '•  *■  “ 3 "P*.  *»-00 

"CHANGEABLE  IIP  STYLES 


I Sensitive  Gas  Relay  Taj 

The  Teleion,  a multi-electnj 
tube  for  amplification  of  pul 
nals,  is  described  in  Wireleti 
(Iliffe  & Sons  Ltd.,  Londo# 
August  1945  by  J.  Reiss  from) 
mation  given  by  the  inventor 
Lalewicz.  The  tube — suitahk 
amplification  of  weak  d-c  P 
such  as  those  derived  from  P 
tubes  in  high  speed  telegraph  b 
mitters  or  from  the  detector 
receiver  in  such  a comrounifl 


vmm 


, potent td 


On  the 
Highway  it's 


1 Sa&optic 


r Consider  the  small- 

ness  required  of  some  J\ 
of  the  most  important 
precision  parts!  Timing  ® 
gears,  bomb  fuzes,  hun-  i 
dreds  of  "big  little"  com- 
ponents of  aircraft;  compa- 
rable to  the  size  of  a tiny 
tack!  Yet  on  their  sturdiness  and  microscopic 
accuracy  depend  the  success  of  the  entire 
mechanism. 

On  the  perfection  of  such  parts  Tel-air  has  ( 
built  a special  and  unexcelled  reputation. 
'y-.  “Tel-air  means  accuracy”  is  prover- 
(_y^bialthruout  precision  manufacture, 


IpJ  TODAY  IS  NONE  TOO  SOON 

W)  to  familiarize  yourself  with  the  excep- 
^ tionally  complete  facilities,  and  the  years  ^ 
of  specialized  engineering  experience  avail- 
able to  you  in  Tel-air.  And  tooling  of  toughest 
steels  and  newest  alloys  is  a fine  art  here. 

Where  surpassing  precision  and  longest  dependability 
are  essential  objectives  in  your  product — present  or 
post-war — you  can  not  afford  to  take  chances. 
Make  sure  with  Tel-air! 

Teleoptic  Directional  Signals  for  the  highway  , are 
made  to  the  same  standards  of  accuracy  and 
dependability. 

WITHOUT  ANY  OBLIGATION  ON  YOUR 
PART  — bring  your  problem  to  Tel-air 
engineers,  for  immediate  attention. 

And  remember— PROMPT  DELIVERY  ( 

0 is  a basic  rule  with  Tel-air. 


For  Smallest 
Precision  Parts  and 
Intricate  Timing  Gears 


eleven  cl  on 


OPT 


O.  ^ 


Wte  for  Profusely  Illustrated  Cat- 
alog showing  typical  Tel-air  Parts. 
Wl  love  you  time  and  money. 
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FORTUNE 


KEUr  TUtE 


As  featured  in 


Fig.  1 — Addition  oi  a term  I 
separate  input  and  output  eitd 
and  a glow-up  electrode  to  Bflhi 
pilot  discharge  produces  a kigbd 
sensitive  relay  amplifier  tab* 


circuit,  in  sensitive  relay  cij 
and  in  decreasing  the  fly-bae 
of  time-base  circuits— is  ilia 
in  Fig.  1. 

Operating  Ckaracttrisfa 

The  screen  serves  to  lini 
passive  glow  to  the  input  podj 
the  tube.  At  a critical  inpdj 
rent  the  gas  discharge  fl I 


Postwar  RADIO 


QUIET  AS  NIGHT 


The  radio  the  public  will  buy  postwar  must  deliver  Crystal 
Clear  signal — as  though  heard  across  a still  lake.  The 
precision  of  Crystal  Control  is  the  foundation  of  radio 
which  pours  out  of  the  speaker  only  those  sounds  that  went 
into  the  microphone. 

The  cutting  of  Control  Crystals,  accurate  to  millionths 
of  an  inch,  is  an  art  Pan-El  Labs  have  developed  into  a 
production  operation,  with  consequent  economy,  and  as- 


Fig  2 — Relative  tap 
, eristic  at  the  Teleion 
a critical  point  on  th< 
small  decrement  m 0 
a large  change  i 


oratories,  Inc. 
ATLANTA.  GEORGIA 


r /A  IN  - L Lectronics 
500  SPRING  STREET,  N.  W. 


through  the  screen  ^ 
of  the  output  electrode, 
put  is  increasing;  or 
from  the  output  electro 
if  the  input  is  decreas 

in  Fig.  2.  ...  .nn 

By  maintaining  * 


QUANTITY  PRODUCERS  OF  STANDARD  AND  SPECIAL 
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DOES  THE  OUTPUT  OF  YOUR 

t VOLTAGE  REGULATOR 


LOOK  LIKE  THIS 


OR  LIKE  THIS 
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DRENSEN  ELECTRONIC  A.  C.  VOLTAGE  REGULATOR  WILL  GIVE  YOU 
GOOD  WAVE  FORM 

ESS  THAN  5%  DISTORTION  (MODEL  1750) 

OLTAGE  REGULATION  BETTER  THAN  .5% 

SPUT  VOLTAGE  CAN  VARY  FROM  95  TO  130  VOLTS 
REQUENCY  CAN  VARY  ± 15% 

GAD  ON  THE  SORENSEN  REGULATOR  CAN  VARY  BY  ±50%— OUT- 
PUT VOLTAGE  CONSTANT  TO  WITHIN  .05% 

-AN  BE  INCORPORATED  IN  OTHER  EQUIPMENT— STANDARD  19  INCH 
PANEL  CONSTRUCTION 

PRICES-NO  MORE  THAN  OTHER  UNITS  OF  COMPARABLE  POWER 
HANDLING  CAPACITY 
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THAT  MAKES  THE  DIFFERENCE 
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REUr  TUBE 


r o Trace  of  input  (a)  agj 
to)  on  a two-bean  oscilloicope 

the  puke  amplification  obUM 
1000  cpu.  The  output  pool  TQj| 
loe  volts.  Exponential  dear 
■qnara  wares  art  cautttl  by  g, 
actances  in  the  csunsc&a  I 
osdllosoops 


Xhb  "Megger”  line  of  instruments  for  testing  electrical  insulation 
is  complete  for  ranges  from  a fraction  of  an  ohm  to  10,000  megohms, 
between  which  limits  practically  every  insulation  resistance  measur- 
ing requirement  falls.  There  are  specific  instruments  for  specific 
requirements  and  other  types  for  more  general  use.  Some  users  find 
one  instrument  suitable  for  all  work,  while  others  have  use  for 
several  types. 

If  you  are  uncertain  which  type  and  range  of  "Megger”  instru- 
ment is  best  for  your  particular  needs,  write  us,  telling  the  type, 
size  and  rating  of  your  equipment.  We  will  gladly  make  recommeda- 
tions.  Write  also  for  Pocket  Manual  of  " Megger ” Practice . No. 
1420-  E. 


discharge  within  the  tube  \ 
tations  of  ionization  and  c 
tion  times  are  removed, 
merely  necessary  to  extend 
draw  the  glow  volume  of  tl 
Figure  3 shows  the  abi 
with  which  this  action  take 
Figure  4 gives  the  cira 


The  New  U.  S.-Mode  Midget  "Megger”  Tester — In  many 

ways  the  most  remarkable  ” Megger ” instrument  eier 
built.  Weighs  only  3 lbs — will  fit  an  overcoat  pocket  or 
tool  kit.  Reads  up  to  50  megohms.  Generates  500  volts 
and  is  always  ready  for  use  anywhere  because  of  the 
hand  crank.  Bulletin  1785- E. 


Fig.  4 — Typical  circuit  connerim  d 
sensitive  gas  amplifier  tube,  ba 
the  gas  tube  maintains  practically 
slant  potential  across  its  input  at 
there  is  no  plate  potential  rariatto 
the  driver  tube  thus  no  plate  cou 
feedback  to  the  input  oi  the  csa 


The  U.  S.-Made  "Megger"  Insulation  Tester-— Contains  the 
usual  " Megger ” direct-reading  true  olimmeter,  of  the 
permanent  magnet  moving  coil  type,  mounted  with  a 
d-c  hand  generator  in  a plastic  molded  case.  Ranges  up 
to  2000  megohms,  with  hand  generators  up  to  1000  volts. 
Widely  used  in  hard  service.  Variable-pressure  (" Meg ”) 
and  constant-pressure  (" Super-Meg  ) types.  Bulletin 
1735 - E. 


nections  of  the  Teleion.  A a ai 


ncuiuuo  w*  euu  — 

dication  of  its  sensitivity,  the 
was  used  in  a simple  relay  til 
in  which  it  provided  a 10  watt 
put  for  a change  in  the  input 
cuit  of  one  pgi. 


The  “Bridge-Meg”  Resistance  Tester — This  instrument  is  a 
combined  " Megger ” Insulation  Tester  and  a four-dial , 
multi-ratio  Wheatstone  Bridge.  Will  measure  any 
ohmic  resistance  from  .01  ohm  up  to  100  or  200  megphms; 
hand  generators  rated  up  to  1000  volts.  A complete  and 
compact  unit  that  is  ideal  for  power  companies  and  in- 
dustrial plants.  Catalog  1685-  E. 


Synchronous  Tim* 

A DRIVEN  TIME  BASE  C 
dependency  of  meta-st 
is  described  by  Hilary 
August  1945  WirelM 
The  time  base  is  driver 
in,  by  the  signal  thus  gi 
that  has  been  photogr 
20  seconds  exposure, 
the  traces,  especially  of 
portions,  testifies  to 
stability. 

Basic  Circuit 


High-Range  "Megger”  Testing  Set— The  original  heavy- 
duty  type  " Megger ’ Testing  Instrument.  Made  in  all 
ratings  up  to  10,000  megohms  and  2500  volts.  A com- 
bination high-potential  testing  and  insulation  resistance 
measuring  set.  Hand-  and  motor-driven  types.  Catalog 

1685-  E. 
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nufacturers  of  quality  metal  products  since  1867 

OFFICE:  3 2 5 FIFTH  AVENUE,  NEW  YORK  16,  N.  Y. 

WORKS:  1 3 9-  1 45  NORTH  TENTH  STREET,  BROOKLYN  H,  N.Y. 


Proven  In  War! 


PROMPT 

DELIVERY 


r.Now  Available,..] 

for  Peace  Time  Application 

| TELEVISO  Safes  200A  VT  Voltmeter 


in  ,tle  Production  °f  measuring  appararus  for  the  SONIC  to 
UM*  SPECTRUM,  has  specialized  in  building  dependable  Vacuum  Tube  Voltmeters. 

Anecessity  wherever  dependable  voltage  measurements  within  the  range  of  7 cps  to 
500  megacycles  are  required— Che  Teliviso  Series  200A  VT  Voltmeter  is  highly 

X''mI  ™ l'JcTP?f?NT  WAR  T,ME  DEVELOPMENTS  ARE  AVAIL. 
ABLE  FOR  THE  FIRST  TIME  IN  THE  FOLLOWING  FEATURES:— 


ihr  lowest  readable  voltage  is  .05  volts  on  a maximum 


SUPERSENSITIVE  RANGE- 
«cale  range  of  .5  volt. 

dC|EfnV°LTAG4RAN9ES~'5-  2'  15'  50>  DO — spread  full  scale  on  a <Vi"  metei 
‘°.\aSy  "?*”*•  Accuracy  of  readings  are  2<y„  full  scale ; middle  scale  accu- 
racy  is  37b  or  better. 

CONSTRUCTION— detachable  probe  to  eliminate  cable  wear ; easily  dis- 
S MmiimSIr*  r*Pl>“'"MI  for  soldering  to  tube  terminals  for  measurements  in 
MC  r«*,on  I *at  Vi  wide  brass  terminals  connect  to  input  to  make  easy 
soldering  to  test  or  work  piece ; for  low  frequency  work  up  to  100  MC,  removable 
banana  plugs  are  spaced  >/,"  center  to  center  for  use  with  standard  jacks. 

JJf V»A.hl!*ArL  £°N*T£U<Tr>IONrS.f  ,luminum  throughout",  panel  and  cabinei 
m simr,l!r^JL  'bm*  '•  »ub  chassis  is  and  spaced  o#  the  panel  by  studs 

to  simplify  servicing;  all  components  are  fastened  to  sub-chassis. 

ELECTRICAL  CONSTRUCTION  AND  CIRCUIT-Serie.  200A  utilises  the  fine* 
components  throughout  and  carries  a two  year  guarantee.  The  circuit  is  a stable 
mak«a™  'l'  "°  di0d'  ioJ>u‘  tub'  “ “**d.  The  plate  circuit  rectifier  type 

available  higher  input  impedance  at  all  frequencies.  No  shortening  of  input 
probe  is  required  for  iero  adjustments.  All  zero  adjustments  are  made  once  and 
S,",  A P*"'1  adjuster  is  available  to  make  the  unit  usuablc  without 

heating  up  time.  All  filament  and  plate  voltages  are  transformer  and  rube  regulated. 

ST;1*aCAI;,B?ATIOtI!  VOLTAGE-AII  unit,  have  a jack  which  produce  a 
vo'“  5»  Kandardismg.  This  is  the  regulated  filament  voltage.  The 
Tbe  Selie.  JnnA'  * o'!'”'1  “,thou!  'ools  “ the  event  tubes  are  replaced  in  the  field, 
no  vopl  .r  ^,  1 aansfjctorily  from  any  source  of  voltage  from  95  to 

130  volts  ac.  Line  voltage  surges  arc  not  observable  during  use. 

SIZE—  14-H  x 9'/2"W  x 7Y2"D.  Guaranteed  2 years.  Price  S170.00  F.O.B.  Chicago. 


TELEVISO 
PRODUCTS  CO. 


7466  IRVING  PARK  ROAD 


CHICAGO  34,  ILLINOIS 
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resistor  R,  and  capacitor  C,  com- 
prise  the  conventional  R-C  time 
constant  circuit  of  a saw-tooth 
oscillator.  R . can  be  replaced  bj 
a constant  current  circuit.  Charg- 
ing of  C,  through  fl,  provides  the 
forward  sweep  voltage. 

The  plate  circuit  of  a low-im- 
pedance vacuum  tube  V,  is  con- 
nected  across  C,  and  biased  to  cub 
off  by  the  voltage  drop  across  ft. 
The  signal  is  feed  to  the  grid  of 


Fig.  1 — Grid-controllud  vacuum  mb* 
driven  bom  signal  is  ussd  to  discharge 
capacitor  in  Urns  ban  generator 


K,  through  a shaping  circuit  (of 
the  saturation  cut-off  type,  not  of 
the  triggered  multi-vibrator  vari- 
ety, otherwise  the  freedom  from 
meta-stable  circuits  would  not  be 
retained)  that  delivers  positive 
pulses  of  short  duration  which 
make  tube  V,  conductive  (Ed  Note: 
The  English  say  “which  opens  the 
valve” ; a more  direct  grammatical 
statement  and  a clear  physical  de- 
scription showing  the  superiority 
of  a functional  nomenclature,  the 
English,  over  a pictorial  nofflen- 
‘ ciature,  the  American,  in  techni- 
cal fields.)  thereby  discharging  C, 
to  produce  the  flyback  of  the  time 
base.  A delay  network  can  be  in- 
corporated in  the  shaping  circuit 
so  that  flyback  can  be  adjusted  to 
any  desired  portion  of  the  signal 
under  examination. 

Gate  Stage 

The  circuit  of  Fig.  1 provides  a 
single-cycle  time  base.  If  a rau^1' 
cycle  base  is  required,  a gate  mu9 
be  introduced  to  prevent  V,  fro® 
conducting  on  every  positive  Pu“e 
delivered  from  the  signal  by  the 
shaping  circuit  Of  several  P08®1 
ble  methods  of  developing  such  ga 
action,  that  of  Fig.  2 is  the  mo* 
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Thousands  of  Fabricated  Parts  from  Taylor's  Sheets,  Rods,  Tubes 


u One  of  several  parts  (or  an 
artificial  leg,  which  is  sawed, 
milled  and  drilled  from  a fiat 
sheet  of  Phenol  Fibre. 

0 Hinge  support  blocks  for 
the  P-Sl  Mustang  fighter  planes' 
elevator  trim  tabs  were  created 
and  designed  by  Taylor  en- 
gineers. 

0 Switch  spacers,  made  from 
tubes  of  Phenol  Fibre,  are 
Quickly  and  accurately  finished 
on  a Taylor  automatic  screw 
machine. 


From  sheets,  rods,  and  tubes  of  Phenol  Fibre  or  Vulcanized  Fibre,  Taylor 
«noirM  thousands  of  different  fabricated  parts,  turning  them  out  by  the 
™iiiinn«  and  doing  it  quickly,  accurately,  and  economically. 

Almost  every  one  of  these  parts  is  specially  designed  for  a special  purpose 
and  for  a laminated  plastic  with  special  characteristics.  Their 
common  feature  of  light  weight  and  great  strength,  combined  with 
dielectrical  properties,  is  unexcelled  by  any  other  material. 

Taylor  also  has  a stock  of  standard  tools  for  turning  out  such  parts  as 
plain  washers  and  shoulder  bushings,  in  so  many  different  sizes  that 
the  are  good  that  the  size  you  need  is  in  stock  and  your  fabri- 

cated part  can  therefore  be  made  more  quickly  and  more  inexpensively. 

Whatever  your  problem,  our  engineers  will  gladly  tell  you,  without 
obligation,  exactly  what  Taylor  Laminated  Plastics  can  contribute  to  its 
solution.  Write  us  today,  sending  sketch  or  blueprint. 


LAMINATED  PLASTICS:  PBHOL  FOIE  • VULCANIZE])  FIBRE  • Sheets,  Rods,  Tubes,  and  Fabricated  Parts 
"“•“•Ww,  MmnmvaaiA . omczs  nt  rauiciFAi.  cities  • pacotc  coast  headouabters  -.mb.  ban  pedro  bt..  log  anoeles  13 
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READY  NOW! 

A MULTI-FEATURE  PILOT  LIGHT 
THAT'S  THE  ULTIMATE  IN  QUALITY:— 

"DIALCO"  Presents 

Model  PLN-849  NEON  PILOT  LIGHT  featuring  a BUILT-IN 
RESISTOR.  FUNCTIONAL  DESIGN,  COMPACTNESS, 
RUGGEDNESS,  plus  the  advantages  of  Neon  Bulbsl 


(PATENT  PENDING) 

NOTE  THESE  IMPORTANT 
CHARACTERISTICS  OF  THE 
PLN-849  PILOT  LIGHT:— 

1 


2 

3 

4 

5 


Contain*  a BUILT-IN  RESISTOR  as  an  integral 
part  of  the  assembly,  enabling  direct  con- 
nection to  115  volt  circuits.  100.000  ohms  for 
bright  glow;  200,000  ohms  for  dimmer  glow; 

270,000  ohms  for  220  volt  circuits. 

Full-view  Plastic  lewel  Cap  permits  visibility 
of  glow  from  all  angles. 

Neon  Bulb,  supplied  with  unit,  emits  pene- 
trating glow,  consumes  less  current,  has  long 
life. 

MOULDED  BAKELITE  HOUSING. 

Rugged  terminals;  screw  type,  or  soldering 
type.  Cannot  turn,  will  not  short. 

COMBINES  HIGH  QUALITY 
WITH  LOW  COST 

e Manufacturers  . . . here's  the  ultimate  in  Pilot  Light  design.  A com- 
pact, rugged  unit — housing  a BUILT-IN  RESISTOR  as  an  integral  ele- 
ment of  the  assembly  (not  externally  attached,  or  fastened  to  body 
or  terminal). 

The  PLN-849  is  supplied  complete  with  General  Electric  Neon 
NE-51  Bulbs.  May  also  be  adapted  to  accommodate  General  Electric 
Radio  Panel  Bulbs  such  as  47,  44,  etc.  The  Plas- 
tic lewel  Cap  may  be  had  in  a choice  of  7 colors. 
Bulbs  are  removable  from  front  of  panel. 

These  features,  and  many  others,  make  the 
PLN-849  the  tops  in  Pilot  Light  Value.  And  yet, 
Dialco  mass  production  has  reduced  the  cost  to 
the  point  where  every  manufacturer  can  af- 
ford it. 

Write  today  for  samples  and  prices 
There  is  no  obligation. 


WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 


DIRL  LIGHT  CO. 


S&nteviea, 


900  BROADWAY  • NEW  YORK  3,  N.  Y. 

Telephone:  ALgonquin  4-5180-1-2-3 
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satisfactory  in  this  application. 

The  grid  of  V,  is  biased  well 
below  cut-off  but  as  C,  becomes 
charged  the  grid  becomes  more 
positive.  By  choice  of  R,C,  and  grid 
bias  the  number  of  cycles  of  the 
signal  that  pass  before  V,  becomes 
conducting  can  be  controlled.  Once 


GATE 

PROW  POINT  VALVE 

TO 

Ci 

AVIA  DELAY 
NETWORK 

3 

) 

L 

TIME  CONSTANT 
LONG  COMPARED  i 

WITH  FREQUENCY  * 

OF  INPUT  SIGNAL 

Fig.  2 — Gats  valvt  In  series  wifii  dowt 
controlled  tube  provides  Irsqoescy 
dividing  action 


V,  becomes  conductive,  the  neit 
positive  pulse  reaching  the  grid  of 
V.  terminates  the  sweep  cycle. 
The  grid  of  V,  should  have  a high 
slope  characteristic  so  that  the  tube 
transfers  abruptly  from  its  non- 
conducting to  its  conducting  state 
to  assure  that  there  is  a minimum 
risk  of  partial  opening  of  the  gate 
on  an  earlier  signal  pulse. 

As  soon  as  the  V,-V,  circuit  be- 
comes conducting,  C,  begins  to  dis- 
charge thereby  lowering  the  volt- 
age on  the  grid  of  V.  This  action 
opens  the  discharge  circuit  before 
it  has  had  opportunity  to  suffi- 
ciently discharge  the  capacitor, 
delay  network  between  capacitor 
and  gate  tube  grid  gives  time  for 
capacitor  discharge  before  the  ga 
closes.  Incorporating  the  gate  m 
the  shaping  circuit  is  apt  40  ^ 
duce  a pulse  on  the  grid  of  ■ 
when  the  gate  closes,  resulting  111 
the  saw  tooth  wave  synchronising 
with  itself  rather  than  with  a* 
external  signal. 

• • • 


ithode-Ray  Q Meter 

By  Rudolf  Feldt 

From  DuMont  0»<f logropMr 
March-Aprtl  1945 

GAK1THM1C  DECREMENT  and 

a be  measured  by  the  ca 
y oscilloscope.  This  met  o 
itting  damped  oscillations  as 
ages  on  the  cathode-ray  tu 
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Illustrating  tha  wldu  scop*  of  Scovlll's 
mutal-wortclng  ability  In  Ilia 
•loctronlcl  fluid 

This  “pulse”  valve  for  range  finding 
and  detection  apparatus  was  made  by 
Scovill  to  more  exacting  specifications 
than  you  would  perhaps  ever  demand. 
Let's  look  at  some  of  the  requirements. 

Its  50-odd  metal  parts  . . . made  of 
sheet,  rod,  wire  and  tube  stock  by  forg- 
ing, stamping,  drawing,  cold-heading, 
machining  and  wire-forming  ...  re- 
quired working  to  tolerances  of  the  high- 
est order  Bince  each  must  fit  its  neighbor 
exactly  during  assembly.  Most  of  the 
joints  were  soldered  . . . yet  no  solder 


could  go  through  to  the  inside . . . under 
penalty  of  rejection. 

Plating  of  internal  walls  to  a specifi- 
cation plate  thickness  required  precise 
control.  A single  scratch  or  nick  on  in- 
ternal surfaces  or  edge  of  flanged  con- 
necting tube  meant  rejection  of  the  en- 
tire assembly.  Yet  rejections  were  few. 

CONSIDIR  SCOVILL'S  VIRSATIUTY 

To  improve  the  quality  or  lower  the 
cost  of  your  small  electronics  compo- 
nents or  complete  assemblies,  investi- 
gate the  production  versatility  as  out- 
lined for  the  “pulse”  valve.  You’ll  find 
that  Scovill’s  designing,  metal-working 


and  assembling  skill  is  your  best  bet 
for  the  right  metal  parts.  For  proof, 
write  for  literature,  using  coupon  below. 

•Electronenta  - Electronic  Components. 


Scovill 


MANUFACTURING  COMPANY 

WATERBURY  91,  CORA. 


Please  send  me  a free  copy  of  "Masters  of  Metal”  booklet  de- 
scribing your  facilities.  I am  interested  in  the  ELECTRONENT* 
applications  checked. 


D Batteries 
D Record  Changers 
D Clips 
D Condensers 

Other  applications.. 


□ Dials 

□ Escutcheons 

□ Jacks 

□ Lugs 


□ Panels 

□ Sockets 

□ Stampings  (misc.) 

□ Tubes 


SCOVILL  MANUFACTURING  COMPANY 

Electronic  Division 
22  Mill  Street 
Waterbury  91,  Connecticut 

Name 

Company 

Address 


r 


ELECTRONICS  — November  1945 


Digitized  by  LnOOQle 


463 


(CMltilUMtf; 


Model  1500 


Direct  Reading  Instrument 
For  High  Resistance  Measurements. 


Ideal  For  Laboratory  Use  or 
Speedy  Production  Testing. 


• 400,000  ohms  to  100,000  megohms  in  five  ranges  on  single 
scale  four  inch  meter. 

• Single  zero  reset  adjustment  for  all  ranges. 

• Drift  after  initial  warm-up  period  is  substantially  zero. 

• Accuracy  within  5%  at  any  position  on  all  ranges. 

• Guard  circuit  permits  volume  resistance  measurements,  com- 
pletely eliminating  surface  leakage  as  a source  of  error. 

Write  for  Details  and  Technical  Bulletins  . . . 


COMMUNICATION  MEASUREMENTS  LABORATORY 

120  Greenwich  Street,  New  York  b,  N.  Y. 
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C-»  9 METE* 

both  electrical  and  mechanical  sig- 
nificanee. 


Theory 

Any  system  which  is  able  to  oscil- 
late will  generate  damped  oscilla- 
tions if  excited  by  shock.  The  fre- 
quency of  these  oscillations  is  de- 
termined by  the  inductance  and 
capacitance  of  the  system,  and  the 
damping  of  the  oscillations  bj 
losses  in  the  system.  A damped 
oscillation  is  expressed  by 
\ At  **  A*~at  coa  ut  (1) 

\whereA,  is  the  voltage  across  the 
circuit  at  any  time  t 
A is  the  voltage  at  the  mo- 
ment of  excitation,  time 
T 

co  is  the  natural  angular 
velocity  of  the  circuit 
a is  the  decrement  f actio 
given  by  a = R/2L 
R is  the  equivalent  total 
series  resistance  of  the 
circuit  i 

L is  the  equivalent  series 
inductance  of  the  circuit 
Logarithmic  decrement  8 is  de- 
fined as  the  natural  logarithm  of 
the  ratio  of  maximum  voltage  dur- 


ing any  given  cycle  of  oscillation  j 
to  the  maximum  voltage  of  the  neat  j 
cycle.  Logarithmic  decrement  i*  J 
equal  to  decrement  factor  a divided  | 
by  natural  frequency  /.  Referring 
to  Fig.  1 

0 = a//  = R/2fL  - (1/n)  In  (A/A.)  (® 

From  Eq.  2 

Q = r/h  = nr/ In  (A/4.)  ^ j 

Measurement 

Shock  excitation  of  tuned  circuit* 
can  be  obtained  either  by  apply®* 
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HIGH  SPEED  CONTACT 
PRINTER 


MOUOSCOPC  CAMIRA 


MKIO-niM  READER 


0-FILM  FILING 
CAMERA 


■no  ncotoiHC  c 


K 0fTUOFER  ft  PRINTER 


Saycfteetctty 

of  Research 
and 

Indust  rial  Problems 


You  are  invited  to 

\ 

make  use  of  our  prac- 
tical experience  in 
numerous  tests  of 
photographic  equip- 
ment from  the  design 
stage  and  through 
every  phase  of 
manufacture. 


DETICTO  CAMIRA 


LOW  TEMP.  TRIPOD 


FLIGHT  TEST  CAMERA 


JEROME  ENGINEERING  CO. 

MASSAPEQUA,  L.  I.,  N.Y. 

ORIGINATORS  OF  THE  AUTOMATIC  RECORDING  CAMERAS 
BUILDERS  OF  PHOTOGRAPHIC  EQUIPMENT 
UNIVERSAL  CAMERAS  FOR  EVERY  TECHNICAL  REQUIREMENT 

PHONE:  MASSAPEQUA  2100 
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WELCH  DUO-SEAL 
VACUUM  PUMPS 


are  designed  for  continuous, 
heavy-duty  service. 

Actually  improve  with  use 

Greater  free-air  capacity  and  higher  ulti- 
mate vacuum  assure  faster  pumping  at  all 
pressures. 


GUARANTEED  VACUUM 

.05  Micron  (.00005  mm  H9.) 
FREE  AIR  CAPACITY 

33.4  Liters  Per  Minute 
OPTIMUM  OPERATING  SPEED 

300  Revolutions  Per  Minute 


Ideal  for 

• ELECTRONICS 

• DISTILLATIONS 

• FREEZING 

• DRYING 


DUO-SEAL  VACUUM  PUMP,  Motor 
Driven.  Vaccum  .05  micron — free  air 
capacity  of  33.4  lltera  per  mln- 

ute  *140.00 

With  larger  motor  giving  57  liters  free 
air  capacity  per  minute  and  vacuum 
of  0.1  micron *105.00 

Write  tor  FREE  32-page  booklet 
oe  Welch  Duo-Seal  Pumps  and 
Vacuum  Techniques 


W.  M.  Welch  Scientific  Company 

ISIS  Sedgwick  St.,  Dept.  H.  Estab listed  IIS0  Chicago  10,  Illinois,  U.S.A. 
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square  waves  or  by  differentiating 
the  saw-tooth  wave  of  the  sweep 
generator,  which  is  a part  of 
almost  every  cathode-ray  oscillo- 
scope, thereby  obtaining  repetitive 
pulses.  These  square  waves  or 
pulses  are  then  fed  to  the  oscilla- 
tory circuit.  The  damped  oscilla- 
tions that  are  generated  are  ap- 
plied to  the  vertical  amplifier  of 
the  oscilloscope.  Sweep  is  applied 
to  the  horizontal  amplifier  in  the 
usual  manner.  If  pulses  from  the 
saw-tooth  generator  are  used,  syn- 
chronism is  necessarily  maintained. 

Values  of  decrement  and  quality 
can  be  obtained  from  the  pattern 
of  the  damped  oscillation  or  by 
means  of  transparent  scales  placed 
in  front  of  the  cro  screen.  These 
scales  are  drawn  from  Eq.  2 for  8, 
and  from  Eq.  3 for  Q.  Figure  2 
shows  such  a scale  calibrated  for 
logarithmic  decrement  and  Fig.  3 
shows  a scale  for  quality. 

To  measure  decrement,  the  pat- 


Fig.  2 — Seale  lot  meaeuiing  deoeeienl 
directly 


tern  of  the  damped  oscillation  is 
centered  on  the  line  marked  X on 
the  scale.  Amplitude  of  the  oscil- 
lations are  adjusted  (conveniently 
by  the  gain  of  the  oscilloscope  am- 
plifier) so  that  one  peak  touches 
the  zero  reference  line.  The  am- 
plitude of  the  next  peak  indicates 
on  the  scale  the  value  of  8.  If  e ( 
value  at  the  nth  successive  peak  is 
read,  divide  by  n to  obtain  8. 

Quality  can  be  determined  in  » 
similar  manner  using  the  scale  o 
Fig.  3.  In  this  case  the  reference 
line  is  marked  X.  The  pattern  is  I 
adjusted  so  that  one  of  the  amp  ■ , 

tudes  of  the  damped  oscillation 
touches  the  reference  line, 
next  amplitude  indicates  on 
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Electronic  Equipment  Edition 

NOV.  Published  by  SYLVANIA  ELECTRIC  PRODUCTS  INC.,  Emporium,  Pa.  1945 

RADIO  AND  ELECTRONIC  EQUIPMENT  MAKERS 
GETTING  SET  FOR  FULL-SCALE  PRODUCTION 

Will  Receive  Highest  Quality  Tubes  From 

Sylvania  Electric  To  Meet  Pent-Up  Demand 


CATHODE  RAY  TUBES 


LOCK-IN  RADIO  TUBES 


“GLASS”  RADIO  TUBES 


With  the  period  of  reconversion  tak- 
ing active  form  and  spreading  over 
the  nation,  the  radio  industry  is  look- 
ing forward  to  what  promises  to  be 
one  of  the  most  expansive  develop- 
ments in  its  history.  Millions  wait  for 
radio  sets  of  improved  design  and, 
consequently,  of  more  complex  con- 
struction. Industries  will  turn  to 
greater  use  of  electronic  equipment. 

Manufacturers  are  rapidly  getting 
set  for  full-scale  production  to  meet  this 
pent-up  demand.  Of  course,  in  radio 
there’s  the  problem  of  obtaining  an 
adequate  supply  of  component  parts. 

However,  as  far  as  dependable,  pre- 


cision-built radio  tubes  are  concerned, 
set  makers  are  assured  of  receiving 
the  benefits  of  Sylvania’s  more  than 
40  years’  research  experience  and 
wide-scale  production  facilities.  Note 
this  list: 

Television— experience  in  design  and 
the  production  of  untold  thousands  of 
Sylvania  Cathode  Ray  Tubes  for  war 
requirements  has  contributed  greatly 
to  peace-time  applications. 

High  frequency  sets  (FM,  Televi- 
sion)—the  Sylvania  Lock-In  Tube  is 
so  electrically  and  mechanically  per- 
fect in  construction  that  it  can  handle 


ultra-high  frequencies  with  ease.  Be- 
sides, it  is  more  than  perfectly  suitable 
for  all  types  of  radio  sets. 

Radio— manufacture  and  distribu- 
tion of  the  famous  high  quality  Syl- 
vania lock-in  “Glass”  and  miniature 
tubes  will  continue  to  satisfy  the  ex- 
acting circuit  requirements  of  mod- 
em radio  receivers. 

Electronic  devices— the  same  labo- 
ratory and  manufacturing  resources 
that  served  our  government'  so  well, 
are  now  available  to  the  manufac- 
turer of  electronic  devices  of  every 
description. 


SYLVAN  lAV'  ELECTRIC 


Emporium,  Pa. 

MAKERS  OF  RADIO  TUBES:  CATHODE  RAY  TUBES:  ELECTRONIC  DEVICES:  FLUORESCENT  LAMPS, 


FIXTURES.  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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SOME  RESISTOR 


C-R  p METER 


(coatiBMtfi 


Mod*/  No.  1142 
w ith  roshtor  for 
noon  lamp  NE51, 
alio  Mazda  No.'i 
44, 313, andl6J5. 
lamp * availablo. 


Moat  resistors  are  single— but  in  the 
Gothard  Indicator  Light  Assembly  used 
with  neon  lamps,  an  integral  100,000 
ohm  resistor  is  furnished  for  bright  glow 
and  a 200,000  ohm  resistor  for  dimmer 
glow.  Just  hook  it  up.  Do  you  have  a 
Catalog  of  the  complete  Gothard  Line- 
write  for  it ! 


M MANUF 

• 9114 


a/uL 


MANUFACTURING  COMPANY 

21H  afA*  iaki  avenue,  smunoebid,  mmols 


EXTORT  DIVISION]  25  WARREN  STREET.  NEW  YORK  7.  N.  Y. 


Gothard  lights 
aro  or  official 
raqalraaioat  la 
tho  Nattoaal 
All  • Amatoar 
Traasoilttor 
Coatost 


An  Invitation  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


FOR  BRUSHES 

High  current  density,  low  contact  drop,  low 
electrical  noise,  and  self-lubrication  are 
characteristics  of  this  silver-impregnated 
molded  graphite  that  may  be  the  answer 
to  your  electrical  brush  problems 


FOR  CONTACTS 


Low  contact  resistance  and  non-welding 
when  breaking  surge  currents  are  inherent 
properties  of  this  unique  combination  of 
conductive  silver  and  self -lubricating 
graphite 


SAMPLES  of  Silver  Graphalloy  will  be  gladly  furnished  for  test  on  your  applications. 
Silver  Graphalloy  is  usually  silver  plated  to  permit  easy  soldering  to  leaf 

springs  or  holders.  Why  not  WHITE  NOW  for  your  test  samples?  ^ ^ ^Y,S 

GRAPHITE  METALLIZING  CORPORATION-**™^*^' 

loss  NEPPERHAN  AVE 


YONKERS.  NEW  YORK 


SUP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 
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Fig.  3 — Scale  for  measuring  quality 
directly 


scale  the  value  of  Q or  if  the  leak 
is  read  at  the  nth  amplitude  it  if 
multiplied  by  n to  obtain  Q. 

For  accurate  measurements  pre- 
cautions must  be  taken  to  avoid 
loading-  of  the  resonant  circuit  by 
the  pulse  generator  and  the  oscilto 
scope. 

Application* 

In  Fig.  4 the  trace  obtained  from 
a vedeo  peaking  coil  having  a decre- 
ment of  about  0.6  is  shown.  If  tin 
voice  coil  of  a loudspeaker  is  ex- 
cited by  a square  wave  without  in- 
troducing electrical  damping,  the 
trace  indicates  damping  of  the 
loudspeaker  membrane  and  its  res- 
onant frequency. 

Any  mechanical  device  which 

a a a 


300-MC  TELEVISION 


H.  D.  Kell  and  T.  L.  Gofller 
Juetmente  on  an  experinjantal^^  ^ 
transmitter  lor  television  dsrslop* 


the  RCA  Laboratorlss 

NWfcsr  IP4S- ELECTRONIC! 


Digitized  by  LnOOQle 


(continued) 


C-R  Q METER 


Fig.  4 — Typical  trace  from  which  decre- 
ment and  quality  can  be  measured 

can  be  excited  by  shock  to  produce 
vibrations  can  be  measured  by  this 
method.  If  the  shock  is  synchro- 
nized with  the  sweep  circuit  of  the 
cro  and  the  mechanical  vibrations 
converted  into  electrical  signals  by 
piezoelectric  pickups,  or  electrome- 
chanical or  photoelectric  devices,  a 
steady  trace  can  be  produced  as  in 
measuring  electrical  circuits;  oth- 
erwise an  adaption  of  single  trace 
technique  can  be  made. 


INDUCTION  HEATING  OF 
X-RAY  TUBE 


In  the  fabrication  of  the  2.000.000-volt 
x-ray  tube  made  by  Machlett  Labora- 
tories, each  Kovar  and  glass  ring 
assembly  is  sealed  by  induction  heat- 
ing supplemented  by  a gas  flame. 
When  the  section  is  finished,  the  column 
is  lowered  through  the  floor  so  that  the 
work  surface  is  always  in  position  to 
receive  the  Kovar-glass  seal 


Digitized  by  LnOOQle 


) CELLULOSE-FILLED  MELAMINE  ELECTRICAL  CONNECTORS 


I 


yive  zxcefeti&tuil  d&wice  at 
AiyA,  aCtituded. 

Plaskon  cellulose-filled  melamine  was  developed 
to  meet  extraordinary  wartime  requirements,  and 
now  is  a proved,  available  material  for  your 
special  service  needs. 

A typical  heavy-duty  job  of  this  new  Plaskon  resin 
is  illustrated  by  the  electrical  connectors  used  in 
many  types  of  aircraft.  It  performs  equally  well 
at  extremes  of  temperature  and  humidity.  The 
compound  has  a low  power  factor,  high  dielectric 
strength  and  arc  resistance,  and  resists  tracking 
after  arcing.  Good  dimensional  stability  is  an 
important  feature. 


Other  advantages  include  hardness,  permanence, 
resistance  to  shock,  high  chemical  resistance  and 
non-inflammability.  The  compound  is  not  affected 
by  inert  organic  solvents,  and  its  water  absorption 
is  extremely  low. 

Your  production  plans  may  be  benefited  by 
Plaskon  cellulose-filled  melamine.  Our  experi- 
enced field  men  will  be  glad  to  help  adapt  it 
to  your  requirements. 

PtASKON  DIVISION  • LIBBEY*  OWENS  • FORD  GLASS  COMPANY  'j ” * * SJIVO"  **""“*  * *'  0hl° 

— Cmnsdian  Arm*:  Ctmsdisn  Industrus,  Ltd.,  Montreal,  P.  Q. 


FLASKON 
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NEWS  OF  THE  INDUSTRY 

Assignments  and  Standards  for  F-M 


Projected  Syracuse  fadlMw  of  GE  to 
be  known  at  Electronics  Park  an 
shown  here  In  model-naksr'seyt  rite 
Floor  area  will  exceed  one  million  soft, 
total  area  150  acres.  Plant  cost  will  bt 
$10  million 


Previous  f-m  licensees  and  per- 
mittees have  been  given  new 
assignments  by  FCC.  Those 
broadcasters  listed  in  the  table  here- 
with include  49  metropolitan  sta- 
tions and  two  rural  stations. 

In  making  the  allocations  for 
metropolitan  stations,  the  Commis- 
sion has  provided  for  an  effective 
radiated  power  of  20  kw  and  an 
antenna  height  500  ft  above  the 
average  terrain.  Where  existing 
antenna  heights  are  in  excess  of 
this  figure,  FCC  has  required  a 
reduction  in  effective  radiated 
power  so  that  the  serviee  area 


Metropolitan  Station* 


CitJ  Coll  Lotto 

Botop  Rougo.  La. WBRL 

Binghamton WNBF-FM . . . " 

WBZ-FM 

Sf!”**0 WDLM . . . . 

WEHS..  

WGNB. . * ! 

Columbua WELD.,..  

WLOU.  

wmll.. 

fiStaST:::::::: fg?g:S* 

indiwmpoiw :::::  &abw™;;: 

fiCsSiii::::::::::-:--  

WCAU-FM 

WIP-FM. 

Saagft:::::::;:;;;;;;;:;  

5oc!‘"*i»r WHEF..  

MtUkaCity """"I  K8L-FM • 

Schenectady WOFM  

South  Boid WRRF 

ISStddw^.: ; •'  ■ •'  :* 

Worceater,  Maas. . . wtip  ‘iAV ^ 

,M“- • : : : : ; • •'  ::;••• 
n^’yoa.n.v.v.:: VcXS 

Now  York.  N.  Y...  WAR? 

NewYork.N.Y.. WGYN 

Now  York,  N.Y WFGO  ' 

Now  York.  N.  Y WHNF 

Now  York,  N.  Y WBAM  

Now  York,  N.  Y WABC-FM 

New  York,  N Y. WEAF-FM 

Jeroey  City,  N.  J WAAW . . 


Channel 

Number 

41 


57 

59 
61 
56 
55 
S3 
45 
43 
84 
40 
32 
28 
35 

60 
50 
22 
61 
26 


40 

31 

88 

63 

66 

61 

87 

39 

67 

56 

22 

71 

69 

65 


61 

59 

57 

51 

45 

47 

49 

41 


Mt,  Washington,  N.  H WMTW 

Winston-Salem,  N.  C WMIT., 


Rural  Stations 


50 

47 


Radiated 

Power, 

Kw 


10.5 

20 

20 

20 

7.0 

9.5 
20 
20 
20 
20 

8.5 
20 


20 

20 

8.5 


20 

20 

20 

20 

9.5 

6.0 

11.5 
15 

4 

7.2 

20 

15 

15 

5 

1.6 

13.5 


10 

200 


Antenna 

Height, 

Feet 

500 

657 

455 

668 

479 

616 

472 

611 

341 

668 

362 

281 

300 

768 

673 

290 

500 

600 

810 

720 

882 

366 

464 

520 

358 

455 

783 

500 

387 

261 

720 

805 

805 

312 

600 

500 

477 

680 

795 

632 

567 

905 

747 

455 

560 

559 

850 

1258 

590 


Operation  of  the  following  is  permitted  at  present  sites  until  the 
Los  Angeles  area  is  considered 


Frequency 

96.1 

96.7 

95.7 

99.3 

99.7 
100.1 

98.9 

98.5 

94.6 

96.9 

96.6 

94.7 
96.9 

94.8 

93.5 

94.9 

99.9 

97.9 

92.3 
100.1 

93.1 

95.5 

94.3 

93.9 

96.1 

96.9 

94.1 

94.6 
98.5 

98.9 

100.1 

95.3 

95.7 
101.3 

99.1 

92.3 
102.1 

101.7 

100.9 
100.5 

98.5 

100.1 

99.7 

99.3 

98.1 

96.9 

97.3 

97.7 

96.1 


97.9 

97.3 


Los  Angeles,  Calif KH J-FM . 

Los  Angeles.  Calif KTLO . 


69 

61 


4.8 

4.8 


870 

870 


entire 


99.7 

100.1 


within  the  1000  /xv/m  contour  is 
substantially  similar  to  what  it 
would  be  under  standard  condi- 
tions. 

Where  the  existing  antenna 
heights  are  less  than  500  ft,  20  kw 
has  been  authorized,  but  such  sta- 
tions will  be  required  to  conform 
with  a minimum  500-ft  antenna 
unless  it  can  be  shown  to  be  not 
feasible. 

As  set  forth  in  the  new  regula- 
tions which  will  be  described  sub- 
sequently, the  United  States  is 
divided  into  two  areas:  Area  I 
includes  southern  New  Hampshire; 
all  of  Massachusetts,  Rhode  Island 
and  Connecticut;  southeastern  New 
York  as  far  north  as  Albany— 
Troy — Schenectady;  all  of  New 
Jersey,  Delaware,  and  the  District 
of  Columbia ; Maryland  as  far  west 
as  Hagerstown  and  eastern  Penn- 
sylvania  as  far  west  as  Harrisburg. 
Area  II  comprises  the  remainder 
of  the  United  States. 

In  Area  II  there  are  sufficient 
frequencies  so  that  all  existing 
licensees  in  any  city  could  be  given 
facilities  providing  substantially 
the  same  coverage  and  this  has 
been  done.  In  Area  I,  however,  a 
different  situation  exists.  Thus 
metropolitan  frequencies  in 
city  in  Area  I will  be  substantially 
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INTERIOR  VIEW 


IF  SO — this  is  the  Receiver  for  YOU! 


» The  new  LAVOIE  Fixed  Frequency  Receiver  with  crystal- 
controlled  oscillator  circuit  embodying  NEW,  high- 
efficiency  harmonic  generator. 

» Frequencies  between  100  and  3000  megacycle. 

» Details,  quotation  promptly.  Please  state  your  require- 
ments. 

Sfe/MmS&JborG itbrieA' 

RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE.  N.  J. 


I 


Specialists  in  The  Development  of  UHF  Equipment 

and  in  The  Manufacture  of  UHF  Antennas 


I 
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PRECISION  PARTS 

"SEE”  FOR  SEA  DOGS 


**  • • ■ from  print  to  product " 


A lens-mount  is  a very  necessary  part  of 
sound-detection  equipment.  And,  like  the 
hundreds  of  other  equally  necessary  parts 
which  make  up  the  complete  unit,  it  must 
be  turned  out  with  truly  engineered  pre- 
cision to  assure  perfect  operation  . . . 
hairline  efficiency. 

Ace  tumed-out  this  particular  part  from 
print  to  finished  product.  From  stainless- 
steel  bar-stock,  Ace  machined  the  blank, 
tapped  a fine-class  thread,  and  thread- 
ground  the  O.D.  on  both  sides  of  the  flange, 
concentric  to  the  inside  tapping.  Delicate 
precision  . . . accuracy  throughout.  The 
entire  part  was  checked  on  go  and  no-go 
gauges  again  and  again  throughout  each 
operation  to  insure  concentricity. 

Ace  is  a pioneer  in  this  ever-increasing 
accuracy  which  industrial  demands  have 
taught  to  mass-production.  Here,  under 
one  roof,  is  a source  of  supply  for  small 
parts  or  assemblies  which  call  for  stamp- 
ing, machining,  heat-treating,  or  grinding. 
And  Ace  offers  the  modern  ingenuity  and 
carefully  controlled  production  you  need 
in  current  peacetime  conversion.  Send 
sketch,  sample,  or  blueprint  for  quotation. 


Capacity  open  in  threads 


ACE  MANUFACTURING  CORPORATION 
for  Precision  Parts 


1255  E.  ERIE  AVENUE.  PHILADELPHIA  24, PA.  | 
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equal  only  so  far  as  the  1000  jxv/m 
contour  is  concerned.  Some  chan- 
nels have  the  potentiality  for  cover- 
age of  a greater  area  beyond  this 
protected  contour.  This  factor  has 
applied  in  the  case  of  New  York 
City,  the  only  point  where  it  was 
not  possible  to  assign  frequencies 
of  substantially  the  same  coverage 
to  all  existing  stations. 

In  New  York  City,  therefore, 
FCC  decided  to  assign  frequencies 
with  the  maximum  service  area 
beyond  the  1000  /iv/m  contour  to 
existing  stations  that  are  pioneers 
in  f-m  broadcasting.  Channels 
involving  smaller  service  areas 
have  been  assigned  to  the  network 
stations  on  a substantially  equiva- 
lent basis  with  the  theory  that 
maximum  service  will  be  given  to 
listeners  in  the  area  by  allowing 
the  non-network  pioneer  f-m  sta- 
tion the  greater  areas.  Network 
programs  will  presumably  be  avail- 
able beyond  the  1000  /iv/m  contour 
from  network  affiliates  located 
closer  at  hand.  It  is  pointed  out 
as  obvious  that  since  the  networks 
all  own  stations  in  New  York,  the 
independent  stations  cannot  secure 
network  affiliations. 

Frequencies  assigned  to  the 
municipal  station  WNYC-FM  will 
provide  a smaller  service  area 
beyond  the  1000  /tv/m  contour  than 
in  the  case  of  the  other  assign- 
ments, but  this  station  has  previ- 
ously indicated  that  its  purpose 
can  be  served  with  an  area  limited 
to  that  of  New  York  City. 

F-M  Rides  and  Regulations 

F-M  broadcasters  will  be  gov- 
erned by  rules  and  regulations  pro- 
mulgated as  Subpart  B of  Part  8 
of  FCC’s  general  rules  and  regula- 
tions. The  arrangement  is  such 
as  to  gather  in  one  place  all  mate- 
rial relating  to  f-m  broadcasting. 
It  is  expected  that  eventually  tele- 
vision, standard  broadcast,  citizens 
radio,  and  other  radio  services  will 
be  revised  so  that  their  rules  and 
regulations  will  fall  into 
consolidation. 

For  convenience, ' the  frequencies 
available  for  f-m  broadcasting 
including  those  assigned  to  non- 
commercial educational  broadcast- 
ing are  consecutively  numbered 
beginning  with  88.1  me.  Fre- 
quency of  any  channel,  therefore, 
can  be  ascertained  by  87.9  + 0.2 


Uavdon 


pKCtdCO# 

TIMING 

MOTORS 


it d <t  7 'itrUnp  “Pnetlm 

...e*a*ct  HAYDON 

Our  Engineering  department  has 
contributed  to  many  of  the  moat 
recent  developments  in  the  field 
of  motor  driven  timers  and  timing 
motors  ...  in  fact  most  of  these 
developments  are  built  around 
the  fatnous  Haydon  Synchronous 
Timing  Motors  — both  A.C.  and 
D.C. 

•ANY  SPEED 
Available  from  450  RPM  down 
to  I revolution  in  1000  hours. 

• SPECIAL  MOTORS 
With  friction  for  resetting.  Brake 
for  instant  stop.  Shift  for  auto- 
matic reset.  Reversible. 

• COMPLETE  TIMING 
ENGINEERING  SERVICE 

for  handling  any  timing  problem. 

• CATALOG  AVAILABLE 

Complete  data  on  most  recent 
developments  in  the  timing  field. 
Write  for  our  latest  Haydon  cata- 
log containing  photographs,  bulle- 
tins and  instructions  as  well  as 
pertinent  information  regarding 
these  latest  developments  in  tim- 
ing, engineering  and  timing  mo- 
tors. The  catalog  and  research 
service  are  offered  to  you  at  no 
obligation.  ® ins 

i r 1 

* HAYDONEERED  TIMING 

Haydon 


MANUFACTURING  COMPANY 

* INCORPORATED  * J 
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Wagnavox  capacitors  reflect  years  of  trial 
and  error  experience . . ■ that  is  yours  to  com- 
mand. The  Magnavox  Company,  Com- 
ponents Division,  Fort  Wayne  4,  Ind. 


/'  New  Reference  Guide,  yours  tor  the 
asking.  Capacitor  specifications  charted 
for  quick  reference.  Write  on  your  letterhead. 


r 


dio  industry  34  years 


has  served  the 
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BX  METALLIC  ELECTRICAL 

-L  RECTIFIERS 

offer  you  these  advantages: 

They  are  COMPACT  — SILENT— DEPENDABLE 
TROUBLE-FREE  — RUGGED  — and 

They  are  ADAPTABLE  for  power  outputs  from 
Milliwatts  to  Kilowatts. 


Many  rectifier  applications,  heretofore  considered 
impractical,  have  been  devised  by  B-L  Engineers. 
It  is  more  than  likely  that  they  can  be  of  assistance 
in  solving  your  problems  of  converting  AC  current 
to  DC . . . Write  for  Bulletin  R38-a. 


THE  BENWOOD-UNZE  COMPANY 

1*15  LOCUST  STREET  • ST.  LOUIS  3,  MO. 

distance  telephone  CEntral  5830 


X channel  number.  Thus,  for 
example,  channel  46  is  96.9  me. 

Three  types  of  stations  are  out- 
lined in  this  publication:  (1)  com- 
munity stations  which  are  limited 
to  a maximum  effective  radiated 
power  of  250  w.  and  a maximum 
antenna  height  of  250  ft  above  the 
average  height  of  the  terrain  10 
miles  from  the  transmitter;  (2) 
metropolitan  stations  which  in 
Area  I are  limited  to  a maximum 
effective  radiated  power  of  20  kw 
with  a non-directional  antenna 
having  a height  of  500  ft,  and  in 
Area  II  where  the  Commission  will 
designate  service  areas  and  author- 
ize appropriate  power  and  antenna 
heights  to  cover  them;  (3)  rural 
stations  which  will  serve  areas  pre- 
dominantly rural  in  character  or 
where  at  least  50  percent  of  the 
population  within  the  50  pv/m  con- 
tour live  in  rural  areas  or  in  com- 
munities smaller  than  10,000.  None 
are  slated  to  be  licensed  in  Area  I 
as  presently  defined. 

The  remainder  of  the  rules  cover 
administrative  procedure,  licensing 
policies,  equipment  considerations, 
technical  and  other  operations. 


RELAYS 

. y PROVIDE  DELAYS  RANGING 
FROM  I TO  120  SECONDS 


Other  important  features  include:— 

1.  Compensated  for  ambient  temperature 
changes  from  —40°  to  110°F. 

2.  Contact  ratings  up  to  115V-10a  AC. 

3.  Hermetically  sealed  — not  affected  by  al- 
titude, moisture  or  other  climate  changes  . . . 
Explosion-proof. 

4.  Octal  radio  base  for  easy  replacement. 

5.  Compact,  light,  rugged,  inexpensive. 

61  Circuits  available:  SPST  Normally  Open; 
SPST  Normally  Closed. 

WHAT’S  YOUR  PROBLEM?  Send  for  " Spe- 
cial Problem  Sheet”  and  Descriptive 
Bulletin. 


AIUPIRITI  CO. 

In  Canada:  Atlas  Radio  Corp.,  Ltd. 
560  King  St.  W..  Toronto 


* 

with  heater  wound 
directly  on  blade 


Good  Engineering  Practice 

This  publication,  which  is  inti- 
mately related  with  the  rules  previ- 
ously described,  will  serve  as  the 
official  guide  for  manufacturers 
involved  in  the  construction  of  f-m 
transmitting  and  receiving  equip- 
ment. The  standards  are  complete 
in  themselves  and  supersede  the 
previous  engineering  standards  or 
policies  of  the  Commission  concern- 
ing f-m  broadcast  stations. 

Beginning  with  a short  list  of 
definitions,  the  work  proceeds 
immediately  to  engineering  stand-  I 

ards  of  allocation,  topographical  , 
data  and  interference  standards, 
followed  by  field  intensity  measure- 
ments in  allocation,  transmitter 
location,  antenna  systems,  trans- 
mitters and  associated  equipment,  | 
indicating  instruments,  auxiliary 
transmitters,  determination  and 
maintenance  of  operating  power, 
frequency  and  modulation  monitors 
at  auxiliary  transmitters.  Also 
included  are  requirements  for  type 
approval  of  transmitters,  frequency 
monitors  and  modulation  monitors. 
Lists  of  approved  transmitters, 
frequency  monitors,  and  modula- 
tion monitors  are  not  included  in 
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PLAX  METHACRYLATE  ROD,  TUBING  AND  FIBER 


The  following  illustrated  literature  is  available: 

Several  bulletins  on  Plax  polystyrene  products  and 
how  to  machine  them. 

Data  on  Plax  cellulose  acetate  and  cellulose  ace- 
tate butyrote  products. 

An  article  on  Plax's  blown  products. 

Ethyl  Cellulose,  Polyethylene  and  Styramic  are 
among  the  other  materials  offered  by  Plax  in  various 
forms.  In  cooperation  with  Shaw  Insulator  Company, 
Irvington  11,  N.  J.,  Plax  can  give  you  help  covering 
nearly  all  plastic  materials  and  methods.  For  such  help, 
or  for  any  of  the  literature  listed  above  . . . write  Plax. 


Methacrylate  is  supplied  by  Plax  in  various  sizes 
and  shapes  of  rods  and  tubing,  and  in  fiber — in 
all  colors,  from  clear  to  pearlescent.  Characteris- 
tics are  as  follows: 

MECHANICAL 

. <.°00-7.000 

Flexural  Strength,  p.s.i.  10,000-17,000 

Rockwell  Hardness  M40-M70 

Impact  Strength,  ft.  lbs.  per  in.  of  notch; 

Vi"  * xh"  notched  bar  Izod  test 
Water  absorption,  24  hrs.,  % 

ELECTRICAL 

Volume  Resistivity,  ohm.  cms. 

(50%  rel.  hum.  at  25°C) 

Dielectric  Strength,  short-time 


0. 2-0.4 
0.4-0. 5 


r-step 


s per  ,a  — • — ~~ 

Frequency  Dielectric  Constant 

60  3.0-3. 7 

103  3.0-3. 5 

10a  2. 8-3. 3 

THERMAL 

Distortion  Temperature,  °F 
Transition  Temperature,  °F 
Softening  Point,  °F 
Specific  Heat,  cal.  per  °C  per  gram 
Burning  rate 

Thermal  Expansion,  10-s  per  C 
Thermal  Conductivity,  10-4  cal.  per  sec. 

per  sq.  cm/lwC  per  cm. 

Resistance  to  Heat  (Continuous)  F 

CHEMICAL  EFFECTS 


1013 

500 

400 
Power  Factor 
0.05-0.07 
0.06-0.07 
0.02-0.03 


125-165 

145-185 

150-230 

0.35 

Slow 

7-9 

5-7 

120-160 


Weak  Acids 
Strong  Acids 
Weak  Alkalis 
Strong  Alkalis 
Alcohols 
Esters 
Ketones 
Aromatic  Hydrocarbons 


Practically  nil 
Affected  only  by  oxidizing  acids 
Practically  nil 
Practically  nil 
Attacked  above  40% 
Dissolves 
Dissolves 
Dissolves 


Liquid  sight  gauges,  transparent  models,  high 
frequency  insulation,  pen  and  pencil  parts,  ni- 
tration equipment  parts,  decorative  architectural 
forms,  jewelry,  etc.  may  all  be  advantageously 
produced  from  Plax  methacrylate  rods,  tubing 
and  fiber.  Methacrylate  has  unique  optical  prop- 
For  data  on  stock  sizes,  write  Plax. 


133  WALNUT  STREET  ★ 


HARTFORD  5,  CONNECTICUT 
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Made  right  ...  to  work  right . . . tod  stay 
right.  Whether  in  stock  ratings  or  to  your 
own  specifications  you  will  find  Hi*Q  com* 
ponents  precise,  dependable  and  long  lived. 
Send  for  samples  and  complete  information. 


Hi*Q  Ceramic  Capacitors  are  of  titanium 
dioxide  (for  temperature  compensating 
types)  and  are  tested  for  physical  dimen- 
sions, temperature  co-efficient,  power  factor 
and  dielectric  strength.  Cl  type  with  axial 
leads;  CN  type  with  parallel  leads. 


Hi-Q  Wire  Wound  Resistors  can  be  pro- 
duced promptly  and  in  quantity  — with 
quality  physical  specifications  and  high 
performance  electric  specifications. 


Hi-Q  Choke  Coils  are  uniform  in  their 
high  quality  performance.  Ruggedly  con- 
structed for  long  service. 


ELECTRICAL  REACTANCE 
CORPORATION 

franklinville,  n.y. 


the  publication,  but  will  be  issued 
from  time  to  time  by  the  Commis- 
sion. The  document  ends  with  a 
list  of  f-m  broadcast  application 
forms. 

Maritime  Radio  and  Radar 

Research  relating  to  the  question 
of  minimum  requirements  of  radar 
equipment  for  use  on  merchant 
vessels  will  be  undertaken  by  the 
U.  S.  Coast  Guard,  whose  tradi- 
tional functions  of  saving  lives 
and  property  at  sea,  maintaining 
and  operating  aids  to  navigation, 
and  merchant  marine  inspection, 
naturally  create  a vital  interest  in 
this  subject. 

Canadian  F-M 

The  first  experimental  f-m  broad- 
cast station  of  the  Canadian  Mar- 
coni Co.,  recently  went  on  the  air. 
Using  the  Armstrong  system,  the 
transmitter  is  located  at  the  Mar- 
coni factory  in  the  town  of  Mount 
Royal.  It  is  programmed  over  high- 
fidelity  lines  from  studios  of  Sta- 
tion CFCF  in  Montreal  and  oper- 
ates on  48.8  me  with  a power  of  26 
watts.  Call  letters  are  VE9CM.  Its 
immediate  purpose  is  to  test  f-m 
receivers  built  by  the  company. 

IRE  Meeting  Committee 

Activities  at  the  annual  winter 
technical  meeting  of  IRE,  New 
York,  N.  Y„  January  23-26,  1946, 
come  under  the  chairmanship  of 
Edward  J.  Content  of  the  meeting 
committee.  The  committeemen  are : 
Austin  Bailey;  Howard  Frazier; 
W.  B.  Lodge;  S.  L.  Bailey;  G.  W. 
Bailey,  and  Miss  Elizabeth  Leh- 
mann. 

First  of  the  major  features  will 
be  the  annual  banquet  held  Thurs- 
day, January  24,  at  which  a speaker 
of  national  prominence  will  address 
the  members  and  their  visitors.  In 
addition,  there  will  be  entertain- 
ment highlights.  At  this  function 
also,  two  major  annual  awards  are 
scheduled  to  be  made : the  Institute 
Medal  of  Honor  awarded  in  recog- 
nition of  distinguished  service  in 
radio  communications,  and  the  Mor- 
ris Liebmann  Memorial  Prize  made 
to  a member  of  the  Institute  who 
has  made  public  during  the  recent 
past  an  important  contribution  to 
radio  communications.” 
Announcement  will  then  be  made 


CREATIVE 

GROMMETS 


Four  new  larger  sizes  of 
CREATIVE  100%  PHENO- 
LIC PLASTIC  GROMMETS 
(up  to  K*  i.d.)  are  now  avail- 
able for  radio,  electronic  and 
electric  instruments . . .Send  for 
a sample  of  each  of  the  eight 
standard  stock  sixes,  mounted 
on  a convenient  card. 


CREATIVE’S  CUSTOM  SERVICE 

You  don’t  have  to  build  molds  to  get  Plastic 
Parts  with  Inserts  such  as  knobs,  terminals, 
etc.  Get  the  facts  about  this  unusual  custom 
service  . . . CALL  ON  CREATIVE. 
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A TELECHRON  SWITCH  CLOCK 
MAKES  YOUR  RADIO  AN  ALARM 


The  C-40  Telechron  electric  radio  switch  clock  gives  your 
low-priced  bedside  set  powerful  new  sales  appeal.  The 
C-40  is  an  absolutely  accurate  electric  clock  — plus  a 
switch  that  turns  on  the  radio  at  any  pre-selected  time. 

The  cost  of  the  C-40  is  low.  Installation  is  easy  and 
inexpensive.  Operation  is  simple,  too.  The  alarm  is  set 
with  a single  control  knob  to  the  desired  time.  The  clock 
switches  on  the  radio  to  awaken  the  owner  with  music. 

Telechron  C-40  is  available  for  panel  mounting  — 
with  dial  and  hands  styled  to  your  individual  needs.  The 


precision-built  Telechron  synchronous  motor  guarantees 
absolutely  accurate  time.  And  the  exclusive,  sealed-in 
lubrication  system  assures  years  of  dependable,  trouble- 
free  service.  For  full  details,  write  or  wire  Industrial  Sales 
Division,  Dept.  K,  Warren  Telechron  Company,  Ash- 
land, Massachusetts. 


■M.  u.».  par.orr. 


The  DI-ACRO  Bender 
makes  perfectly  centered 
eyes  from  rod  or  strip  stock 
at  high  hourly  production 
rates.  Both  eyes  and  cen- 
tering bend  are  formed 
with  one  operation.  Any  size  eye 
may  be  formed  within  capacity  of 
bender  and  ductile  limits  of  ma- 
terial. 


■ pAScitUctL.  pyp 

cenkredeYE 

(JiendUuf 

With  DI-ACRO  Benders 


DI-ACRO  Precision 
Bending  is  accurate  to 
.001’  for  duplicated 
parts.  DI-ACRO  Benders 
bend  angle,  channel,  rod, 
tubing,  wire,  moulding, 
strip  stock,  etc.  Machines 
arc  easily  adjustable  for 
simple,  compound  and 
reverse  bends  of  varying 
radii. 


Send  for  CATALOG 

“DIE-LESS”  DUPLICAT- 
ING showing  many  kinds 


DI-ACRO  Bender 
No.  1 

Forming  radius  2* 
approx.  Capacity 
A*  round  cold 
rolled  steel  bar  or 
equivalent. 


DI-ACRO  !»  Pronounced  "DIE-ACK-RO' 


of  “dieless”  duplicating 
produced  with  DI-ACRO 
iers.  Brakes  and  Shear*. 


pMESBS 

I n precision  MACHINES'?  U - » m m -m  u ........  — mamma  ^m  m a m 

Y*ttDUM.\tf^*  321  EIGHTH  AVENUE  SOUTH  • MINNEAPOLIS  15,  MINN. 


OPEIL-IRUlin  mFD.cn. 


Doughnut  Coils  for  electronic  and  telephone  purposes. 
High  Permeability  Cores  are  hydrogen  annealed  and 
heat  treated  by  a special  process  developed  by  DX  engi- 
neers. Send  us  your  "specs"  today  — ample  production 
facilities  for  immediate  delivery. 


DX  RADIO  PRODUCTS  CO. 

GENERAL  OFFICES  1200  N.  CLAREMONT  AVI..  CHICAGO  22,  III . USA 


of  the  appointment  of  new  fellows 
to  the  Institute,  and  the  president 
of  the  Institute,  Dr.  William  L. 
Everitt,  will  address  the  convention 
and  hand  the  gavel  to  the  newly 
elected  incoming  president. 


Next  major  feature,  according  to 
Donald  H.  Miller,  chairman  in 
charge  of  Special  Features,  will  be 
the  annual  President’s  Luncheon 
held  Friday,  January  25,  honoring 
the  incoming  president 

One  of  the  big  events  of  the  Meet- 
ing will  be  the  greatly  expanded 
main  commercial  exhibits.  For  this 
purpose  all  of  one  floor  and  part  of 
another  in  the  Astor  Hotel  have 
been  reserved.  It  is  expected  that 
160  firms  or  more  will  take  part  in 
this  show,  according  to  H.  F.  Scarr, 
chairman  in  charge  of  exhibits. 

Finally,  the  major  feature  of  ev- 
ery annual  meeting — the  reading 
of  scientific  papers  and  the  sessions 
and  symposiums  on  the  latest  elec- 
tronic developments — are  expected 
to  take  on  particular  significance 
this  year  with  papers  on  many  vital 
subjects  hitherto  restricted  by  mili- 
tary security. 

Tentative  subjects  scheduled  for 
the  meeting,  Dr.  A.  E.  Harrison, 
chairman  in  charge  of  Papers,  an- 
nounced, will  include : broadcasting, 
frequency  modulation  and  televi- 
sion; navigational  aids;  communi- 
cations and  relay  links;  radar; 
industrial  electronics;  testing 
equipment;  new  developments  in 
panoramic  reception ; microwave 
measuring  devices;  broadcast  re- 
ceivers; vacuum  tubes;  antennas 
and  radio  wave  propagation. 


As  is  customary,  all  papers  will 
be  presented  for  the  first  time  at 
this  Meeting  and  none  will  have 
been  published  before  in  any  form. 
While  two  technical  sessions  will  be 
run  simultaneously  in  accordance 
with  last  year’s  successful  plan,  the 
papers  and  sessions  will  be  so  ar- 
ranged that  important  sessions  and 
expositions  on  the  same  subjects  or 
related  subjects  will  not  conflict. 

Chairmen  of  technical  commit- 
tees are:  P.  S.  Carter,  antennas; 
L.  E.  Whittemore,  annual  review; 
E.  A.  Guillemin,  circuits;  A.  C. 
Keller,  electroacoustics;  C.  !• 


Young,  facsimile;  C.  C.  Chambers, 
frequency  modulation;  H.  A 
Wheeler,  handbook;  P.  D.  Zottu, 
industrial  electronics;  W.  G.  Cady,  j 
piezoelectric  crystals ; D.  E.  Foster, 
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MAGUIRE  INDUSTRIES,  INC. 

375  Fairfield  Avenue,  Stamford,  Conn. 


ELECTRONIC  & MECHANICAL  POWDER  METALLURGY 
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Ctippard 


SUB-ASSEMBLIES! 

Clippard  can  help  you  whisk  new  radio, 
electrical  and  electronic  devices  off  to 
market  . . . fast ! Why  ? Because  Clippard 
Manufacturing  facilities  are  streamlined  for 
the  mass  production  of  such  precision  parts 
as  Sub-Assemblies,  R.  F.  Coils,  Electro- 
Magnetic  Windings,  or  Special  Test  Instru- 
ments to  speed  production.  Practical  en- 
gineering department.  Skilled,  experienced 
workers.  One  to  a million  units  made  as 
you  want  them  . . . when  you  want  them ! 
Send  details  of  your  Sub-Assembly,  coil  or 
test  instrument  problem  for  solution  and 
quotes  to  Clippard,  TODAY! 

■ SUB- ASSEMBLIES 

a R.  F.  COILS 

® ELECTRO-MAGNETIC 

■ WINDINGS 

" SPECIAL  INSTRUMENTS 
FOR  ELECTRICAL  AND 

* ELECTRONIC  TESTING 

m NOTE:  PRODUCTION  * INSPECTION 

ENGINEERS.  Send  your  name  on  com- 

* pony  letterhead  for  mailings  on  latest 
m developments  in  Clippard  Test  and 

* Inspection  Equipment. 
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radio  receivers ; J.  F.  Morrison,  ra- 
dio transmitters;  J.  A.  Stratton, 
radio  wave  propagation  and  utiliza- 
tion; W.  T.  Cooke,  railroad  and 
vehicular  communications;  R.  F. 
Guy,  standards;  E.  W.  Schafer, 
symbols;  I.  J.  Kaar,  television;  R. 
S.  Burnap,  vacuum  tubes. 

It  is  contemplated  that  the  Insti- 
tute will  run  organized  inspection 
trips  to  points  of  interest  through- 
out the  city  for  out-of-town  mem- 
bers. 

The  Institute  of  Radio  Engineers 
enters  its  33rd  Winter  session  with 
a membership  of  more  than  16,000 
throughout  the  world,  the  largest  in 
its  history.  Of  this  total,  more  than 
12,000  members  are  in  the  United 
States. 

Radio-Television  Control 
of  Missiles  Announced 

Pilotless  bombers  and  rockets  with 
television  eyes  and  complete  radio 
control  are  now  a reality,  according 
to  Brigadier  General  David  Sarnoff, 
president  of  RCA,  in  speaking  at  a 
meeting  of  the  American  Academy 
of.  Political  and  Social  Science  Oct. 
5.  “So  deft,  so  all-seeing,  is  the 
radio-television  control",  he  said, 
“that  from  launching  sites  the  oper- 
ator pressing  push-buttons  can 
guide  the  winged  missile  as  if  he 
were  inside  its  shell.  If  he  sees  that 
the  rocket  is  going  to  miss  the  tar- 
get he  can  turn  it  quickly;  he  can 
even  make  it  loop-the-loop”.  'Con- 
tinuing, he  envisioned  thousands  of 
television-eyed  monsters  of  destruc- 
tion coming  through  the  skies, 
loaded  with  warheads  of  atomic 
power,  with  no  nation  immune  be- 
cause physical  barriers  of  land  and 
water  no  longer  limit  battlefields. 
“The  victor  will  be  the  one  best 
fortified  by  science  and  develop- 
ment, by  discovery  and  invention, 
and  by  the  use  of  scientific  weapons 
in  the  hands  of  the  ablest  fighters." 

Television  Receiver  Parts 

Televisor  production  is  expected 
to  divide  itself  up  into  a number  of 
different  strata,  according  to  Allen 
B.  DuMont  of  the  Allen  B.  DuMont 
Laboratories,  Passaic,  N.  J.  Hun- 
dred-dollar  receivers  will  probably 
supply  the  mass  audience  necessary 
to  sustain  the  industry.  They  can 
be  viewed  by  no  more  than  two  or 
three  persons  at  once.  In  the  next 


GOULD-MOODY 

ypupnweeL 

Professional  Quality 

Slack  Seal' 


ALUMINUM 
INSTANTANEOUS 
RECORDING  BLANKS 


Technological  advancements 
brought  about  by  our  wartime 
assignments  provide  critical  en- 
gineers with  "Black  Seal"  blanks 
of  improved  cutting  and  repro- 
duction qualities  plus  more 
satisfactory  play-back  life. 

Rapid  Deliveries  to 

Broadcasting  Stations 
Recording  Studios 
Motion  Picture  Sound  Studios 
Schools  and  Colleges 
Governmental  Agencies 


Old  Aluminum  Blanks  Recoated  with 
" Block  Seal"  Formula  on  Short  Notice 
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ACCURACY  OF 


LARGER  METERS  IN 

MB  1-inch 
Miniatures 


Here’s  Why: 


Alnieo  No.  5 Soft  Iron  Aluminum  Coil  Form, 

Permanent  Magnet  Pole  Pieces  Precision-Wound  Coil 


Accurately  Calibrated 
All-Metal  Scale 


Standard  Jewel  Bearings 
and  Precision  Pivots 


• MICROAMMETERS 

• MILL  I AMMETERS 

• AMMETERS 

• MILL  I VOLTMETERS 

• VOLTMETERS 

Plan  to  take  advantage  of  this 
little  instrument  that  does  such 
a big  job.  It’s  the  smallest,  light- 
est made  . . . and  you  can  have 
the  utmost  confidence  in  its  per- 
formance. 

Precision  designed  and  skill- 


fully built,  MB  meters  have  the 
stamina  and  accuracy  to  meet 
the  most  precise,  rigorous  tests. 
Lightweight  moving  coil  mounted 
on  standard  size  jewel  bearings 
and  pivots  . . . powerful,  retentive 
magnet  . . . hermetically  sealed, 
anodized  aluminum  case-all  com- 
bine to  give  ability  to  withstand 
vibration,  shock,  temperature  ex- 
tremes, moisture. 

These  1%  oz.  instruments  are 
available  in  standard  DC  ranges 
from  100  microamperes  through 
10  milliamperes  . . . and  0-10  and 


0-50  millivolts.  Standard  exter- 
nal shunts,  multipliers,  rectifiers 
available  for  other  ranges.  MB 
also  offers  a 1%-inch,  oz. 
model  self-contained  in  all  stand- 
ard DC  ranges,  and  rectifier-type 
AC  voltmeters,  milliammeters. 

MB  miniature  meters  are 
adaptable  to  a hundred  and  one 
uses  . . . wherever  the  measured 
quantities  utilize  electrical  cur- 
rents. Any  scale  or  pointer  can 
be  specified.  Our  engineers  will 
be  glad  to  aid  in  your  problems. 
Write  Dept.  H for  details. 


THE 

MB 

MANUFACTURING  COMPANY,  INC. 

Instrument  Division 

250  Dodge  Ave.,  East  Haven  12,  Conn. 
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Attention! 
RADIO  STATION 
ENGINEERS! 

HARVEY 

can  now  make 
immediate  delivery  on 

hallicrafters 

Model  S-36-A  V.H.F. 

RECEIVERS 


FM-AM-CW  27.8  to  M3  Me. 
Covers  old  and  new  FM  Bonds 


Th#  Modal I S-36-A  it  probably  tha  mott 
vartatila  V.H.F.  racaivar  avar  datignad. 
Covanng  a fraquancy  ronga  of  27.i  to 
143  Me.,  it  parformt  aquolly  wall  on  AM. 
FM,  or  at  a communications  racaivar  for 
CW  talagrophy  Equipmant  of  this  typa 
wat  mtroducad  by  Hallicraftari  mora  then 
fiva  yaori  ago  and  claorly  onticipatad  tha 
prasant  trand  toward  improvad  tarvica  on 
tha  highar  fraquancias. 

*wb«  ora  amployad  in  tha  S-34-A 
including  voltaga  regulator  and  ractifiar. 
Tha  OF  taction  usas  thraa  acorn  tubat.  Tha 
typa  154  EF  amplifiar  in  conjunction  with 
an  intarmadiata  fraquancy  of  5.25  Me. 
assures  adaquata  imaga  raiaction  ovar  tha 
antira  ranga  of  tha  racaivar.  Tha  avaraga 
ovar-all  tansitivity  it  battar  than  S micro- 
voltt  and  tha  parformance  of  tha  S-34-A 
on  tha  vary  high  fraquancias  it  in  avary 
way  comparablo  to  that  of  tha  batt  com- 
mumcationt  racaivars  on  tha  normal  thort 
wava  and  broadcast  bands. 

Tha  audio  rasponsa  curva  is  atsantially  flat 
within  wida  limits  and  an  output  of  ovar 
3 "?*♦»  with  '•«  fhon  5%  distortion  is 
ovadobU.  Output  tarminals  for  500  and 
5000  ohms  and  for  balancad  400  ohm  lina 
ora  providad. 


NOTE;  For  tlios*  requiring  higher  frequency 
ircrlrers  Harvey  ran  now  supply  from  stock 
the  Hallicrafters  Model  S-.17,  with  a frequency 
range  of  130  Me.  to  110  Me. 


range  will  come  receivers  supply- 
ing an  8 by  10  or  possibly  11  by  14 
in.  image  and  running  to  a price  of 
three  hundred  dollars  or  more.  Six 
to  twelve  people  accommodated. 

In  the  upper  reaches  will  be  found 
television  on  a par  with  movies,  pro- 
jected on  a screen  to  be  viewed  by 
a roomful  of  people,  and  the  asking 
price  will  be  around  a thousand 
dollars.' 

Components  constitute  the  main 
reason  why  television  prices  will  be 
decidedly  higher  than  those  for 
radio  receivers.  Even  with  the  mid- 
dle level  sets,  voltages  in  the  order 
of  5,000  and  over  will  be  involved, 
and  for  daily  operation  good  quality 
parts  will  be  essential  to  keep  serv- 
icing at  a minimum.  Such  compo- 
nents are  available,  DuMont  pointed 
out,  because  they  are  the  kind  that 
have  been  used  in  radar  and  other 
war-time  electronic  devices.  How- 
ever, they  are  relatively  expensive. 


Vehicular  Receivers 


Vertical  polarization  is  recom- 
mended as  preferable  to  horizontal 
for  vehicular  reception,  in  the  re- 
port of  a recent  meeting  of  the 
Committee  on  vehicular  receivers 
of  the  receiver  section  of  the  RMA 
Engineering  Dept.  It  was  recom- 
mended to  the  executive  committee 
that  a statement  be  adopted  to  the 
effect  that  since  vertical  polariza- 
tion gives  the  most  satisfactory  re- 
ception to  automobile  radio  listen- 
ers, broadcasters  should  consider 
adding  to  the  cost  of  their  antenna 
array  with  the  reward  of  an  in- 
creased and  better  served  audience. 

However,  it  was  not  suggested 
that  polarization  be  frozen  without 
further  investigation  since  it  is  be- 
lieved that  the  manufacturers  may 
be  able  to  produce  an  antenna  which 
is  more  efficient  for  horizontal  po- 
larization. 

Another  resolution  which  was 
recommended  for  incorporation  in 
RMA  Standards  is  related  to 
chassis  pickup.  Vehicular  receivers 
installed  according  to  manufac- 
turer’s instructions  and  using  mate- 
rials supplied  by  the  manufacturer 
should  exhibit  no  perceptible  chas- 
sis pickup  with  any  setting  of  user 
controls  if  they  are  to  qualify  under 
standards  of  good  engineering  prac- 
tice. 

“Chassis  pickup”  was  defined  as 
interference  arriving  at  the  re- 
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FOR 
TELEVISION 
RADAR  AND 
FAC  - SIMILE 


'U/ide 

VIDEO  AMPLIFIER 


Designed  primarily  for  use  in  amplifying  complex  waves  to  be  viewed  on  an 
oscilloscope,  this  instrument  is  also  extremely  useful  in  laboratory  work  as  an 
audio  amplifier  for  tracing  and  measuring  small  R.  F.  Voltages,  (as  in  the 
early  stages  of  radio  receivers,)  and  many  similar  applications. 


BAND  WIDTH:  Frtqumcy  rejpon**  U .,lc?  Jl!!™,*-5 
ol  th*  10  KC  niponu  Horn  15  cyclw.  to  4 
3 DB  Horn  10  cycl..  to  4.5  m«jaCYCl.«.  PhawohittU 
controlled  to  provide  eatlelactorY  reproduction  ol  puleei 
on  the  order  of  one  micro-second,  and  square  wave*  at 
repetition  rate*  at  low  as  100  per  second. 

GAIN:  The  qcin  U approilmatelr  1000  wh»n 
is  used.  Use  of  probe  input  introduces  an  attenuation  01 
approximately  10:1. 

INPUT  is  normally  through  a probe  (furnished  with  the 
equipment),  which  has  an  input  circuit  oomMIW  o>  a 
LI  megohm  resistance  in  parallel  with  approximately  18 
mmld.  The  ampUller  direct  Input  (without  prob. ‘St 
proximately  2.2.  megohms  of  resistance  in  parallel  wttn 
40  mmld. 

OUTPUT  roltage  can  be  adjusted  from  ser6  to  50  volts 
R.M.S.  with  a sine  wave  signal. 

LOAD  IMPEDANCE:  Designed  to  work  into  a load  of  not 
more  than  22  mmid. 


RIPPLE  OUTPUT  is  less  than  0.5  volt  for  qU  operating  con- 
ditions and  all  positions  of  gain  control. 

CIRCUIT  FEATURES:  A cathode  follower  input  stage  pro- 

C vides  circuit  Isolation  and  is  equipped  with  a 3-position 
attenuator. 

Attenuator  ratios  are  1:1,  10:1  and  100:1  (This  is  in 
addition  to  probe  attenuation).  A gain  control  conveniently 
varies  the  video  output.  A Signal  Polarity  switch  is 
provided  which  carries  the  cathode  bias  on  the  output 
stage  in  such  a manner  that  the  amplifier  may  be  adjusted 
for^optimum  performance,  regardless  of  the  polarity  of 
the  input  signal. 

OPERATING  VOLTAGE:  110  to  120  volts.  $0  cycles. 

POWER  CONSUMPTION:  100  watts. 

WEIGHT:  35  pounds  (Complete  with  tubes  and  probe). 

WTOTH:  7V4”  HEIGHT:  9"  LENGTH:  20V4" 


INQUIRE  EARLY  TO  INSURE  PROMPT  DELIVERY 

UNITED  CINEPH0NE  CORPORATION 

Designers , Engineers  and  Manufacturers  of  Electronic  Produ*s 
20  NEW  LITCHFIELD  STREET  TORRINGTON.  CO  _ 
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Types  . . . iIin  . • • stand- 
ard and  cvitoiN  designs  . . . 
material  • . . cofiitrirctlon 
. . . featvres  • • . voltage 
ratings  . . dimensional 
data  and  coding  system 


mm 


fXUfCA  COtK^/etc 
and  detailed  ia^axatatiaK  f 

A concise,  informative  piece  of  literature.  Fully  illus- 
trated with  straightforward  data  that  simplifies  proper 
choice  and  facilitates  ordering  to  exactly  meet  your 
requirements.  Covers  all  standard  items  as  well  as 

custom  built  sealed  leads  and  multiple  headers,  break- 
down voltages,  high  voltage,  skirted  units  are  in- 
cluded. E-l  components  can  be  furnished  on  short 
notice  often  in  quantity  direct  from  stock.  Writo  for 
your  "copy  of  this  new  folder  today.  No*  obligation. 


ELECTRICAL  INDUSTRIES  • IK 

"42  SUMMER  AVENUE,  NEWARK  4,  N. 


Instantaneous 


REASONABLY  PRICED 


AGASTAT 

ELECTRO. PNEUMATIC  TIME  DELAT  RELAY 

ELIZABETH  AGA  NEW  JERSEY 
AMERICAN  GAS  ACCUMULATOR  COMPANY 


ceiver  other  than  through  the  an- 
tenna, and  “perceptible”  means  that 
the  noise  output  should  be  the  same 
with  the  engine  stopped  or  running. 
Methods  for  testing  chassis  pickup 
were  also  outlined. 


Moisture  and  Fungus 

Communications,  electronics  and 
associated  electrical  equipment  it 
covered  in  a proposed  standard 
specification-  JAN-T-162  recently 
issued  with  the  date  of  May  26, 
1945.  Outlining  the  general 
process  for  treatment  of  product! 
against  moisture  and  fungus,  the 
publication  supersedes  one  dated 
March  28,  1945,  as  well  as  previous 
issues  of  Specification  71-2202-A. 


Surplus  Disposal 

Electronic  and  radio  communica- 
tion equipment  of  no  further  value 
to  the  armed  forces  is  being  dis- 
posed of  through  the  Reconstruc- 
tion Finance  Corp.  and  more  than 
225  radio  and  electronic  manufac- 
turers who  have  accepted  assign- 
ments to  act  as  agents  for  RFC. 
Little  of  the  equipment  is  expected 
to  be  sold  in  its  original  form.  Some 
of  the  expected  conversion  includes, 
antennas  into  garden  umbrella  hold- 
ers; mine  detectors  into  divining 
apparatus;  and  tubular  steel  and 
plywood  masts  into  flag  poles. 

Law-enforcing  bodies,  educa- 
tional institutions  and  tax-sup- 
ported organizations  will  be  given 
preference  in  the  sale  of  the  equip- 
ment By  and  luge,  the  price  setup 
will  include:  (1)  electrically  and 
mechanically  perfect  and  unmarred 
units — new  prices;  (2)  ditto  but 
marred  parts— slight  reductions, 
and  (8)  ditto  but  battered  parts- 
larger  reductions. 


Japanese  Coverage 

A radio  station  saved  twenty  Su- 
perfortresses, as  well  as  the  lives  0 
200  fliers  and  property  worth  more 
than  $15,000,000.  KSAI,  a propa- 
ganda station  located  at  Saipan  « 
capable  of  concentrating  the  energy 
of  five  of  the  most  powerful  broad- 
casting stations  in  the  U.  S.  towa 
Japan.  . , 

First,  Japanese  engineers  trieo 
unsuccessfully  to  jam  it  and 
next  night  radio  Tokyo  urged  1 - 
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C.T.also  makes... 

Power  transformers  for 
radio  and  other  elec- 
tronic circuits,  audio 
and  filter  reactors,  in- 
strument transformers, 
auto  and  control  trans- 
formers, wave  filters, 
fluorescent  ballasts 
and  ignition  coils. 


CHICAGO  TRANSFORMER 


You  Can  Wire  These 

C.T.C.  SPLIT  TERMINAL  LUGS 

from  Top  or  Bottom 


A .050"  hole  through  the  shaft 
permits  wiring  from  top  or  bottom 
side  of  the  terminal  board  without 
time  lost  drilling  holes.  They’re 
firmly  anchored  and  swiftly  set  by  a 
simple  swaging  operation.  Knurling 
at  base  of  Lug  prevents  twisting  or 
turning. 

C.T.C.  SPLIT  TERMINAL  LUGS 


are  particularly  suitable  for  manu- 
facturing transformers  or  other 
potted  units  requiring  soldering 
after  potting. 

Stocked  to  fit  $6"  terminal  boards 
— custom-made  ■ V 

to  your  specifica-  V V 

tions  in  produc-  A 
tion  quantities.  Iff  |F  TB 


Write  for  C.  T.  C Catalog  No.  100 


CAMBRIDGE  THERMIONIC  CORPORATION 

439  Concord  Avenue  * Cambridge  38,  Mass. 


Unlimited  coding 
plus  maximum 
insulation  resistance 

Spiralon,  a new  Surco  plastic  in- 
sulated wire,  spiral  striped,  offers  the 
widest  range  of  tracer  code  identifica- 
tion in  small  as  well  as  large  sizes  of 
wire,  in  short  as  well  as  long  lengths. 
By  avoiding  use  of  color  pigments,  the 
primary  covering  retains  full  insula- 
tion resistance. 

With  Nylon  Jacket 

Spiralon  reduces  weight,  permits  o 
smaller  OD.,  increases  fungi  and  abra- 
sion resistance,  allows  increased  volt- 
age, improves  all  electrical  properties, 
eliminates  all  voids  in  the  covering 
which  ordinarily  weaken  such  proper- 
ties, resists  creepage  when  terminals 
are  being  soldered  or  injury  to  wire 
insulation  when  accidentally  touched  by 
a hot  soldering  iron  in  production  and 
overcomes  deterioration  from  age.  This 
high  heat,  low  temperature  non  inflam- 
mable nylon  jacket  has  already  proved 
to  be  ideal  for  many  applications. 

A complete  presentation  on  Spiralon 
is  on  the  press.  Please  ask  for  yoi* 
copy. 

Address  Dept.  C 
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SERVICE  CARS 


Two-way  conversation  botwoon  head- 
quarters. above,  and  bus  dilw,  bo- 
law.  marks  tbo  Unt  experimental  In- 
■tallatton  oi  Its  kind.  Bus.  which  bo- 
longs  to  tho  Washington.  Virginia  and 
Maryland  Coach  Co.  will  operate  over 
87  mllos  oi  company  roots  and  cover 
about  30.000  mllos  during  tho  tost  to 
dstormino  tho  Improvement*  posslhlo 
In  bus  service 


ice.  It  will  be  used  as  a two-way 
communications  medium  between 
the  bus  operator  and  the  company’s 
headquarters  in  Arlington,  Va.,  and 
parallels  service  of  this  kind  in  op- 
eration since  earlier  in  the  year 
between  headquarters  and  the  com- 
pany’s service  and  supervisors’  cars. 

IT&T  Victory  Development 
Conference 

The  annual  international  con- 
ference of  management  and  engi- 
neering personnel  from  Interna- 
tional Telephone  and  Telegraph 
Corp.  and  its  associated  companies 
was  resumed  this  year  after  more 
than  five  years  of  war  activities  had 
prevented  such  engineering  get- 
togethers.  Two  weeks  of  techni- 


Check  These  Typical 
CONCORD  VALUES! 

Output  Transformer 

Hermetically  , . 

scaled.  Six  studs.  jgiAh- 

1.  2.  and  3 are 
pri.  4.  5.  and  6 
the  sec.  Pri.  ind.  |TTB 
at  5 V 1000  cy..  I 1 ■ 
.20  H.  Ratio  sec.  If  S 
. to  pri.  3.02:1. 

0.  C.  Milliammeters  | »';-5  3*'yo«r  c&  »i  « 

2S4”  fiance  mtg.  type. 

Metal  case  dull  black 
finish.  G.  E.  0-200  M. 

A.  C10650 
Specially  Priced  *4.93 


Plate  Power 
Transformer 

Pri.  tapped  at  115. 
117  and  120  V.A.C. 
Sec.  output  850  V.  at 
200  ma.  c.  t . 4 'h  l 
x 3\"  W x 3%  W H. 
5B5035 

Your  cost  *4.29 


s of  two 
(1)  275 
(2)  500  at 


Victory  Clearance 
Flyer-FREE! 

Ready  now!  32  Bargain-packed 
pages  listing  thousands  of  stand- 
ard-make, top-quality  radio  parts 
and  electronic  supplies  — now 
I available  without  priority  at  low 
1 VICTORY  CLEARANCE  prices. 

1 The  values  listed  at  the  left  are 

1 typical  of  the  important  savings 
offered  in  Meters,  Condensers, 
Transformers,  Resistors,  Controls, 
Switches,  Relays,  Test  Equipment, 
Generators,  Microphones,  Tools,  and 
hundreds  of  Repair,  Replacement, 
and  Accessory  Parts.  On  special 
requirements.  Concord  experts  are 
ready  to  help  you  in  expediting  and 
speeding  action  on  essential  needs. 

Order  Today  for 
Shipment  Tomorrow  from 
CHICAGO  or  ATLANTA 

Huge  stocks  in  two  convenient 
warehouses— one  in  CHICAGO  and 
one  in  ATLANTA- are  ready  to 
supply  you  quickly  with  needed 
parts  of  dependable,  nationally- 
known  quality  — and  at  VICTORY 
CLEARANCE  prices  that  mean  real 
savings.  Mail  the  coupon  below 
NOW  for  your  FREE  copy  of 
CONCORD’S  VICTORY  CLEAR- 
ANCE Flyer. 


Concord  Radio  c-« 

LAFAYETTE  RADIO  CORPORATION 


CHICAGO  7,  ILL.  * 
901  W.  Jotk»on  Blvd. 


ATLANTA  3,  GA. 
265  Peachtree  Street 


Dry  Electrolytic 
Condenser 

Hermetically  sealed. 
Size.  1*"  X 3".  Can 
negative.  Cap.:  40 
mfd.  at  475  volts:  15 
mid  at  350  vo  ts:  15 
mid  at  150  yplts:  20 
mid  at  25  volts.  5B- 
3161  Each  59c 


CONCORD  RADIO  CORPORATION 
901  W.  Jockson  Blvd. 

Dept.  G-115,  Chicago  7,  III. 
Please  RUSH  FREE  copy  of 
CONCORD'S  new  32  page 


! VICTORY  CLEARANCE  Flyer. 


O'A?. 
41  .O 


300  Watt  Rheostat 

Wire  wound.  Vitreous  en- 
ameled. C»st  aluminum 

base.  6"  dia.  J 2%  2 deep. 
1400  ohms.  5B9517 

Your  cost  *3.95 


[ Mail  Coupon  NOW  for 

CONCORD 
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NEON  PILOT  LIGHTS 

EMBODY  THESE  IMPORTANT  FEATURES: 

Penetrating  orange-red  glow  . . . Long  life  . . . Low  current 
consumption  . . . Resistance  to  vibration  and  shock  . . . Operate 
direct  on  high  voltage  circuits  . . . Emit  practically  no  heat • — 
These  advantages  of  Neon  Glow  Lamps  are  enhanced  by 
"SIGNAL"  Pilot  Light  Assemblies.  We  manufacture  a complete 
line,  featuring  types  fitted  with  Full-View  Plastic  Heads.  Spe- 
cialists in  supplying  completely  assembled  units,  housing  G.E. 
or  Westinghouse  Lamps.  Send  specifications  for  prompt  esti- 
mates and  suggestions  . . . Write  for  Catalog. 


^Signal  Indicator 

v - - - Cjrtp&z&hjori  v 

894  BROADWAY.  . . . NEW  YORK  3,  N.  Y. 

Telephone:  ALgonquin  4-4770 


MOVES 

AIR 


,V  "u  ♦♦  'A  I 

■> 


...  15  CUBIC  FEET  A MINUTE 

The  No.  1 Vi*  is  one  of  mony  blowers  manufactured  by  the  L-R  Mfg.  Div.  with 
C-F-M's  at  8000  R.P.M.  ranging  from  15  to  270.  They  will  outperform  many 
larger  types  and  where  size  and  weight  are  factors,  they  solve  cooling  problems 
presented  by  electronic  tubes  or  circuit  components  in  airborne  communication 
units  as  well  as  in  many  industrial  applications. 

'VJEI,GHkT:.2  «•’  CAPACITY:  IS  C F M.  at  8000  R.P M.;  CONSTRUCTION:  Homing 
of  h‘Bh  ,mp«t  ph.nolK  plarhc  Wh-I  i,  tvrbotyp.  cadmium-pl^  .t^l;  Siz7 
2n  long  x 61/64''  wide  x 2%"  high. 

1-*  MANUFACTURING  DIVISION  OF 


^»R  I P I.  I:  Vg 


13  NEW  LITCHFIELD  STREET 


TORRINGTON,  CONNECTICUT 
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cal  sessions  in  the  company’s  New 
York  City  headquarters  were 
attended  by  delegates  from 
Sweden,  Belgium,  France,  Eng- 
land, Argentina,  Holland,  Den- 
mark, Brazil,  Spain,  Norway,  and 
Switzerland,  as  well  as  from  the 
parent  company  and  its  affiliates 
in  the  United  States. 

Under  the  chairmanship  of  E.  M. 
Deloraine,  the  conference  program 
ran  from  Sept.  24  through  Oct.  5 
and  included  the  following  technical 
papers : 

Various  Methods  of  Modulation  and  Radio 
Relay  Systems — Emile  Labin 

Long  Distance  Radio  Communications — 

Genera^Technlcal  Policy  Relating  to  In- 
strument Landing,  Air  Traffic  Control,  Air- 
ways Navigation,  and  Long  Range  Naviga- 
tion for  Civil  Aviation  and  Direction  Find- 
ers— H.  G.  Busignies 

Commercial  Projects  Relating  to  Air  Traf- 
fic Control,  Airways  Navigation,  and  Long 
Range  Navigation  to  Meet  the  Needs  or 
Future  Air  Navigation — P.  Adams 
Some  Characteristics  of  Triggered  Circuits 
— A.  H.  Reeves  _ _ 

High  Power  Broadcasting — C.  E.  Strong 
Dielectric  Materials— A.  J.  Warner 
Multiplex  Systems  of  Frequency  Modula- 
tion—A.  Clavier 

Modern  Carrier  Systems — A.  W.  Mont- 
gomery 

Wire  Transmission — R.  E.  Smith 
Machine  Switching  Systems — W.  Hatton 
Record  Communication  Systems — A.  E. 
Thompson 

Patents— R.  J.  Berry 

Telephone  Traffic  Analysis  by  Automatic 
Means — Jakob  Kruithof 

A feature  of  the  conference  was 
the  first  non-secret  demonstration 
of  pulse  time  modulated  multiplex 
telephony  on  microwaves  (for 
details,  see  Tubes  at  Work  depart- 
ment in  this  issue),  along  with 
demonstrations  of  new  direction 
finders  and  other  electronic  devices. 


Educational  Trends 

At  the  Polytechnic  Institute  of 
Brooklyn,  the  first  institution  in 
the  country  with  a graduate  pro- 
gram in  microwave  technique,  the 
electrical  engineering  curriculum 
has  been  revised  to  include  a series 
of  courses  based  on  unclassified 
war  developments.  The  under- 
graduate will  be  faced  with  two 
options:  (1)  electrical  power  and 
industrial  applications  and  (2) 
electronics  and  communications. 

Beside  the  usual  work  on  electri- 
cal machinery  and  power  transmis- 
sion, the  first  option  will  include 
courses  on  industrial  control  and 
industrial  electronics.  Option 
number  two  provides  a revised  cur- 
riculum to  include  recent  develop- 
ments in  uhf  and  its  application 
to  f-m  and  television. 

On  the  graduate  level  there  is  an 
extensive  program  in  microwaves — 
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The  distinguished  war-service  record  of  MURDOCK 
Phones  should  mean  something  to  you  NOW!  Their  remai 
h ear-ability  are  war-proved  features. 


MURDOCK'S  improved  listening  qualities  received  thei 
on  world-wide  battlegrounds.  Their  PERFORMANCE 

• • - _ _ L.  J iltalo  nPC 


toughest  war  operating  conditions  emphasized  their  DEP 
ITY  as  never  before.  Through  4 1 years  and  two  wars,  MU 


III  a>  never  bbivw.  ....  w-,..  ...  — . j 

Head  Phones  have  earned  for  them  the  praise,  The  ke 
in  Radio." 


MURDOCK  "precisioneering"  has  become  Radio’s  sti 
super-sensitive  reception  and  trouble-free  operation.  1 
radio  men  everywhere  consistently  show  their  prefe 

MURDOCK  Phones — a preference  founded  on  Kertorn 
Reliability. 


WRITE 

FOR 

CATALOG 


SUB-CONTRACTS  WELC 


Let  us  help  you!  We're  at  your  seri 
you  turn  out  more  Radio  Phones  I 
parts  Our  organization  has  had  4( 
perience.  Write  us  today. 


WN.  I.  MURDOCK  ( 

182  Carter  St..  Chelsea  50y  M< 
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SPEED  In  Reconversion  . . . 


£ 


through  use  of 

ibsilo 


Complete  Contact 
ASSEMBLIES 


C hangeover  from  wartime  to  peace- 
time production  can  often  be  has- 
tened by  the  use  of  Gibsiloy  complete 
contact  assemblies  . . . placing  you 
in  an  advantageous  position  in  the 
competitive  market.  Our  service  com- 
prises all  steps  from  the  design  of 
electrical  contacts  and  assemblies  to 
their  manufacture  for  immediate  in- 


stallation. We  are  equipped  to  make 
composite  rivets,  screws,  switch 
blades,  switch  parts,  and  other  assem- 
blies by  riveting,  welding,  electric 
brazing,  or  furnace  brazing.  If  you 
prefer,  send  us  your  parts  to  have 
the  contacts  applied.  Consult  us  on 
your  electrical  contact  problem. 


better  I 

ATLAS  SOUNDil 
Equipment 

iSecuYy  vt  YOU 


r nibsiloti 

I I HICTAICiL  COWTWCTK | 


Gibson  Electric  Gomprnv 


STOWN  AVE  ■ PITTSBURGH,  PA 


1 


FOR  REMOTE  RECORDING 
INDICATION  CONTROL 


. 


FEATURES 


1 Con  be  directly  coupled  to  low 
torque  indicating  meters  or  move- 
ment* (existing  pressure,  temper- 
ature gauges,  etc.)  by  simple 
yoke  on  instrument  pointer  with- 
out interfering  with  instrument 
indicating  function. 

2 Ideal  for  take-offs  from  bellows 
elements  (pressure,  temperature, 
flow,  etc.)  causing  negligible 
drag  on  control  element. 

3 Ideal  amplifier  follow-up  com- 
ponents in  bridge-type  control  — 
relatively  large  electrical  output* 
for  smoll  mechanical  inputs. 

4 Operate  directly  recorder -con- 
trollers, recording  galvanometers, 
milliammeters,  oscillographs  or 
polorized  relays. 

5 Indicote  or  record  remotely  posi- 
tions of  shafts,  meters,  or  other 
mechanical  elements. 


WRITE  SECTION  S 


n proof,  4 to  55  cycles  up 


6.  M.  GIANNINI  & C0„  INC. 


1 Less  thon  .003  oz.  in.  input  torqu 

2 Linearity  4%  or  better. 

3 Weight  less  than  K oz  space  ei 
velope  1'x  ’•  cylinder 

4 Vibrat  e 
to  6 g s. 

5 2 5 Wolfs  power  dissipation. 

6 Resistance  100  to  2500  ohms. 

7 Jewel  bearings,  plat.num  mete 
brush  and  resistance  materia 
highest  quality  contact  perforrr 


fe  ond  dependability 
n many  airborne  ond  in- 
applications. 


9 Available  in  270  potentiometer 
orrongement  or  continuously  ro- 
tatable transmitter  type— toroidal 
coil  tapped  at  1 20  intervals  with 
twin  brush  toke-offs  separated  by 
180 


AUTOFUGHT 


161  EAST  CALIFORNIA  STREET 
PASADENA  3,  CALIF.,  U.  S.  A. 


o 

.A 


‘Si 


DOUBLE  REENTRANT 
PROJECTOR 

Many  sixes.  From  15  iu.  olr 
column  to  6 foot  air  column. 


360  RADIAL, 
CHANDELIER 
PROJECTOR 

Double  Reentrant.  For  driver 
units.  3 and  4 foot  air  column 
lengths. 


DRIVER  UNITS 

Various  Power  Handling  Ca- 
pacities. Newest  types  of  It- 
destructible  Phenolic  Dio- 
phrogms. 


MINIATURE  TYPE 
REENTRANT 
PROJECTORS— 
BOOSTER  SPEAKERS 


CONE  TYPE 
PARABOLICS  ond 
CHANDELIER  BAFFLES 

for  all  six#  cone  speakers 


MICROPHONE 
SUPPORT  STANDS 

20  types  and  slies.  All  Fit- 
tings, Adaptors  ond  Acces- 
sories. Floor  Stands, 
Stands.  Banquet  Stondi. 
Boom  Stands. 


Wooden  and  Metal  Co« 
Speaker  Enclosures. 
Carrying  Case^  Lo"dSp<c> 
er  Support  Stand* 
Brackets. 
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generation,  transmission,  reception 
in  all  phases,  servo  mechanisms, 
antennas,  television,  modulation 
circuits,  and  electron  optics. 

At  New  York  University’s  Col- 
lege of  Engineering,  a normal 
schedule  of  two  16-week  semesters 
a year  has  been  reinstated.  It 
supersedes  an  accelerated  program 
which  had  been  in  effect  since 
October  1943,  but  a full  year  will 
be  required  before  all  students  will 
be  back  on  normal  schedule. 


MUM 


nom 


Wartime  Radio-Radar 
Production 

FlGUBES  supplied  by  the  Radio  and 
Radar  Division  of  WPB  reveal  that 
the  industry  produced  approxi- 
mately $7.6  billion  worth  of  goods 
during  the  war.  Following  are  fig- 
ures provided  in  an  annual  break- 
down by  WPB: 


jEJLjw* W.OOO.C 

jS-oE.. 

190 

Jw.-Jwn» 

July-D*. 


116.1 


•60 ,00B ,000 
1,200,000,000 


1944 


2,679.000.000 


1946 

Jml— Ai*.. 


97. 220.000, 00C 


Additional  production,  principally 
during  the  September-December 
period  in  1941  accounts  for  the 
other  $330,000,000. 


eg0 

CM*6** 
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Intercity-Bus  Radio 

A division  of  the  National  Asso- 
ciation of  Motor  Bus  Operators 
called  Intercity  Bus  Radio  Inc.  is 
seeking  permission  from  FCC  to 
equip  up  to  100  intercity  buses  with 
two-way  radio  communication  and 
to  operate  a central  control  trans- 
mitter. The  260-w  central  trans- 
mitter would  be  located  in  the  Chi- 
cago Loop,  while  the  buses  would 
be  equipped  with  60-w  transmitters 
and  with  receivers.  Three  addi- 
tional relay  receiving  stations 
would  be  located  in  outlying  sec- 
tions of  Chicago. 

It  is  anticipated  that  the  central 
transmitter  would  be  able  to  reach 
buses  as  far  distant  as  75  miles. 
Frequency  modulation  would  be 
used  and  operation  would  be  on  two 
frequencies  between  30  and  44  me. 

Greyhound  Corp.  is  undertaking 
the  experiment  in  cooperation  with 
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Service 
Approved  O 

DYNAMOTORS 


THE  SMALLEST  IN  SIZE 
7*  THE  LARGEST  IN  OUTPUT 


Engineered  and  built  by  specialists,  EICOR 
DYNAMOTORS  have  earned  their  fine 
reputation  through  years  of  exacting  serv- 
ice. These  dependable  units  furnish  the 
necessary  high  voltage  power  for  commu- 
nications, direction  finding,  radio  compass 
and  other  controls. 

Our  complete  line  of  frame  sizes  makes 
possible  the  widest  available  range  of  dy- 
namotor  output  ratings  in  the  most  com- 
pact sizes  and  weights.  This  assures  the 
most  economical  size  and  weight  for  every 

need!  . 

The  experience  and  skill  of  Eicor  Engi- 
neers are  instantly  available  to  help  you 
on  any  problem  involving  Dynamotors, 
Motors,  or  Inverters. 


ittdf  *»  jMpfat 

DATA  FOLDER 


This  bandy  folder  gives 
useful  data  and  informa- 
tion on  EICOR  Dyna- 
motors, D.  C.  Motors, 
and  other  Rotary  Elec- 
trical Equipment.  Write 
for  it! 


SERIES  NO. 

MAX.  OUTPUT 
WATTS 

diameter 

LENGTH 

WEIGHT 

2300 

2700 

3400 

4100 

4500 

5100 

6100 

10 

15 

125 

200 

250 

350 

500 

25/»  in. 
2 V*  in. 
3fl»  in. 
4'/b  in. 
4 Vi  in. 
5 Vi  in. 
in- 

4 Vi  in. 

4 V*  in. 

5Vt  to  8'V5i  in. 
6 Vi  to  7Vt  in. 
6 Vi  to  8 in. 

8 Vi  to  1 0 in. 
9Va  to  12  in. 

2'/«  lbs. 

2V*  lbs. 

4 Vi  to  7 Vi  Ik 
6%  to  9 lbs. 
11  Vi  to  13V4  1 
17  to  21  Vi  II 
28  to  36  lbs. 

I TTn(S®iaoDM®»  1501  W.  Congress  St.,  Chicogo,  U.S.  A. 

K RS  . pow£R  pLANTS  . CONVERTERS 

1 DYNAMOTORS  • ■ ■ M u 4.  Cable  ** 

^ import  Ad  Aunemo.  89  Brood  J 
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We  are  established  as  Electronic  Manu- 
facturing Engineers  with  a competent  staff 
and  adequate,  up-to-date  facilities.  Our 
resources  are  at  your  service  to  take  care 
of  your  needs  which  come  within  the  scope 
of  our  experience. . . . 

★ DESIGNING  * ENGINEERING 
★ PILOT  PRODUCTION 
it  PRODUCT  DEVELOPMENT 

Floeeert  la  the  Production  o#  the  KADI  O PROXIMI TY  FUSE 

THE  ERWOOD  GO. 


223  W.  ERIE  STREET 


CHICAGO  10.  ILL 


To  test 
over- all 
performance 


SQUARE-WAVE  GENERATOR 


• This  unit,  generating  its  own 

frequency  or  synchronized  from  an 

external  source,  will  be  found  in- 

valuable in  many  fields.  FM,  AM 
and  Television  Broadcasting- 
Telephone  and  Telegraph  Commu- 
nications—Manufacture  of  Trans- 
mitting and  Receiving  Equipment 
and  Parts. 


O Many  additional  functions  will 
recommend  it  for  use  in  school  and 
college  research  projects  and  in 
scientific  laboratories. 

• e • 

For  additional  information  write: 
Electronics  Department , 
General  Electric  Company 
Syracuse,  New  York.  * 


: Measuring  Instrument* 


GENERAL  ® ELECTRIC 


NOW 

a really  high-powered 


; I; i m (•] 


Kote: 

The  Library  comprise* 
a selection  of  books 
culled  from  leading 
McGraw  • Hill  publica- 
tions in  the  radio 
field. 


^especially  selected  by  radio  specialists  of 
'[McGraw-Hill  publications 

[to  clve  most  complete,  dependable  cov- 
>Leraue  of  facts  needed  by  all  whose  Helds 
I are  grounded  on  radio  fundamentals 

^'available  at  a special  price  and  terns 


These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
subjects — xlre  specialized  treatments  of  all 
fields  of  practical  design  and  application.  They 
are  books  of  recognised  position  In  the  litera- 
ture— books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a practical  designer,  re- 
searcher or  engineer  In  any  field  based  on  radio, 
you  want  these  books  for  the  help  they  give  In 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 

S volumes.  3559  pages.  2551  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2ad 
edition 

Everitfs  COMMUNICATION  ENGI- 
NEERING, 2nd  edition 
Hund's  HIGH  FREQUENCY  MEASURE- 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND 
BOOK,  3rd  edition 

SPECIAL  LOW  PtICI  • EAST  TIIW 

Special  price  under  thla  offer  leas  Uj»d 
of  books  bought  separately.  In  addition.  y»» 
have  the  privilege  of  paying  In  easy  InaUh 
ments  beginning  with  $1.0®  In  10  &****££ 
receipt  of  books  and  $1.00  monthly  thereafter. 
Already  these  books  are  recognized  as  sUnflere 
works  that  you  are  bound  to  require  a®00** *, 
later.  Take  advantage  of  these  convenmw 
terms  to  add  them  to  your  library  now. 

FOR  10  DAYS’  EXAMINATION  SEND  1® 
APPROVAL  COUPON— *■"—‘1 
Moflra.-HHi  BMk  sse  w.  an  st.  a.r.c.  it  j 
M me  Bedlo  EnsUeertns  ubrtrj  lor JJ  i 
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several  other  intercity  lines  which 
run  into  Chicago.  Greyhound  will 
install  equipment  on  four  lines, 
Pennsylvania,  Central,  Northland, 
and  Illinois. 

MEETINGS  TO  COME 

Nov.  2;  American  Institute  of 
Electrical  Engineers;  Radar 
Generation ; Engineering  Audito- 
rium, 33  West  39  St,  New  York,  N. 
Y.;  H.  E.  Farrer,  AIEE  Headquar- 
ters, 33  West  39  St,  New  York  18, 
N.  Y. 

Nov.  8;  Institute  of  Radio  Engi- 
neers, New  York  Section;  Radio 
Pioneers’  Party;  Commodore  Hotel, 
New  York,  N.  Y.;  by  ticket  ($6.) 
from  E.  J.  Content,  WOR,  1440 
Broadway,  New  York,  N.  Y. 

Nov.  9;  American  Institute  of 
Electrical  Engineers  ; Radar  Re- 
ception; Engineering  Auditorium, 
33  West  39  St,  New  York,  N.  Y.; 
H.  E.  Farrer,  AIEE  Headquarters, 
S3  West  39  St,  New  York  18,  N.  Y. 

Nov.  12-13;  Rochester  Fall  Meet- 
ing Committee,  Rochester  Fall 
Meeting;  Sheraton  Hotel,  Roches- 
ter, N.  Y.;  Virgil  Graham,  chair- 
man, P.  0.  Box  750,  Williamsport, 
Pa. 

Nov.  12-15;  International  Mu- 
nicipal Signal  Association,  50th 
annual  meeting;  Hotel  La  Salle, 
Chicago,  111.;  Irvin  Shulsinger,  sec- 
retary, 8 East  41st  St.,  New  York 
17,  N.  Y. 

Nov.  13;  Instrument  Society  of 
America,  New  Jersey  Section;  In- 
strumentation in  the  Industrial 
Power  Plant  by  Julius  G.  Berger, 
consulting  engineer;  Essex  House, 
Newark,  N.  J. 

Nov.  14;  American  Institute  of 
Electrical  Engineers;  Survey 
of  the  Servomechanism  Field,  by 
Gordon  S.  Brown,  professor,  Mas- 
sachusetts Institute  of  Technology; 
Room  301,  Pupin  Hall,  Columbia 
University;  H.  E.  Farrer,  AIEE 
Headquarters,  83  West  39  St,  New 
York  18,  N.  Y. 

Nov.  16;  American  Institute  of 
Electrical  Engineers;  Radar  In- 
dication; Engineering  Auditorium, 


Panel  board  for  walkie-talkie  radio, 
made  from  lamicoid.  Lamicold  lami- 
nated plastic  can  be  drilled,  punched, 
and  printed  to  exacting  specifications 


ELECTRICAL  INSULATING  PARTS 

PUNCHED  • MACHINED  ‘ ENGRAVED 

Whatever  your  requirements  may  be  for  electrical  insulating 
parts  to  be  used  in  electronic  or  electrical  equipment,  you 
will  find  that  we  can  supply  you  with  practically  any  type 
of  fabricated  plastic.  Coil  forms,  panel  boards,  charts  or 
signs,  gears,  machined  parts,  made  to  your  specifications. 

Complete  facilities 
are  at  your  disposal 
for  producing  ac- 
curately punched, 
sawed,  or  sheared 
shapes.  Precision 
tolerances  are  assured 
and  you  can  expect 
deliveries  that  are 
consistent  with  your 
production  timetable. 

Wide  selection  of  materials  makes  it  possible  for  you 

to  obtain  the  best  plastic 
for  your  job.  In  stock  for 
immediate  fabrication  are 
tubes,  rods,  and  sheets  of 
Lamicoid,  Bakelite,  Vul- 
canized fibre,  and  Fiber- 
glas  materials. 

Send  us  your  blueprints 
and  specifications  and  we 
shall  be  glad  to  quote  you 
on  your  requirements. 

INSULATING  FABRICATORS,  INC. 

12  EAST  12TH  STREET,  NEW  YORK  3,  N.  Y. 
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DOUBLE  SENSITIVITY  D.C.  VOLT  RANGES 

0-1.25-5-25-125-500-2500  Volt*,  at  20,000 


ohms  per  volt  for  greater  accuracy  on 
Television  and  other  high  resistance  D.C. 
circuits. 

0-2.5-10-50-250-1000-5000  Volts,  at  10,000 
ohms  per  volt. 

A.C.  VOLT  RANGES 

0-2.5-10-50-250-1000-5000  Volts,  at  10,000 
ohms  per  volt. 

OHM-MEGOHMS 

0-400  ohms  (60  ohms  center  scale) 

0-50,000  ohms  (300  ohms  center  scale) 

0-10  Megohms  (60,000  ohms  center  scele) 


Here's  that  New 

TRIPLETT  625-N 

• 

Long  Scale,  Wide  Range 
Volt-Ohm-Milliammeter 

DIRECT  READING  OUTPUT  LEVEL  DECIBEL 
RANGES 

-30  to  +3,  +15,  +29,  +43,  +55,  +69  DB 

TEMPERATURE  COMPENSATED  CIRCUIT  FOR 
ALL  CURRENT  RANGES  D.C.  MICROAMPERES 
0-50  Microamperes,  at  250  M.V. 

D.C.  MILLIAMPERES 

0-1-10-100-1000  Milliamperes,  at  250  M.V. 

D.C.  AMPERES 

0-10  Amperes,  at  250  M.V. 

OUTPUT  READINGS 

Condenser  in  series  with  A.C.  Volts  for  output 
readings. 

ATTRACTIVE  COMPACT  CASE 

Size:  2'/*"  x 5Vi".  A readily  portable,  com- 
pletely insulated,  black,  molded  case,  with 
strap  handle.  A suitable  black,  leather 
carrying  case  (No.  629)  also  available,  with 
strap  handle. 

LONG  5"  SCALE  ARC 

For  greater  reading  accuracy  on  the  Triplett 
RED  *DOT  Lifetime  Guaranteed  meter. 

SIMPLIFIED  SWITCHING  CIRCUIT 
Greater  ease  in  changing  ranges. 


Write  for  descriptive  folder  firing  full  technical  details. 


Triplett 


ELECTRICAL  INSTRUMENT  CO., 


Bluffton,  Ohio 


STAR.Makes  More 

Than  Just  STEATITE 

Find  Out  Now  About 

STAR 

CERAMICS 

There  are  many  kinds  for 
special  uses,  such  as  appli- 
cations calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  are  more  than 
a score  of  formulas  in  actual 
production  at  one  time  in  our 
factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod- 
ucts." It  is  right  to  the  point. 


★ 

Jhe  STAR 
PORCELAIN  CO. 

Electronics  Dept. 

Trenton  9,  N.  J. 
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Little  Blowers 
do  BIG  lobs 
efficiently  • • • quietly 


BLOWER 

v— -BU- 


MODEL  50745 


Typical  applications  of 
these  small  (15  to  100 
C.F.M.)  Blowers  are  air 
distribution  in  confined 
spaces  such  as:  cooling 
radio  and  other  electronic 
equipment;  forced  draft; 
exhausting  fumes  and 
goses.  Write  for  Bulletin 
3A-14  today. 


s-n /**' 


s-»/w* 


s-s/i*' 


Rochester  2,  N.  Y, 


F.W.  STEWART  MFC.  COBP. 

4311-13  RAVENSWOOD  AVE 

CHICAGO  13,  ILL. 

WEST  COAST  BRANCH. 

4*1  V*i*ic«  BW4.;  Lot  Anjclrt  IS, 
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33  West  89  St,  New  York,  N.  Y.; 

H.  E.  Farrer,  AIEE  Headquarters, 

33  West  39  St,  New  York  18,  N:  Y. 

Nov.  23;  American  Institute  of 
Electrical  Engineers  ; Radar 
Testing  Equipment;  Engineering 
Auditorium,  33  West  39  St,  New 
York,  N.  Y.;  H.  E.  Farrer,  AIEE 
Headquarters,  33  West  39  St,  New 
York  18,  N.  Y. 

Nov.  27;  Institute  of  Radio  En- 
gineers, Cedar  Rapids  Section ; Os- 
cillators, by  Professor  W.  L.  Cas- 
sell, Iowa  State  College;  J.  A. 
Green,  secretary,  Collins  Radio  Co., 
865  36  St,  N.  E.,  Cedar  Rapids, 
Iowa. 

Dec.  12;  American  Institute  of 
Electrical  Engineers  ; Mathe- 
matical Formulations  for  Linear 
Servomechanism  Systems,  by 
Charles  F.  Rehberg,  New  York  Uni- 
versity; Room  801,  Pupin  Hall, 
Columbia  University ; H.  E.  Farrer, 
AIEE  Headquarters,  33  West  39  St, 
New  York  18,  N.  Y. 

Jan.  9;  American  Institute  of 
Electrical  Engineers;  Transient 
Analysis  of  Linear  Servomechan- 
isms, by  John  R.  Ragazzini,  pro- 
fesBor,  Columbia  University;  Room 
301,  Pupin  Hall,  Columbia  Univer- 
sity; H.  E.  Farrer,  AIEE  Head- 
quarters, 33  West  39  St,  New 
York  18,  N.  Y. 

Jan.  18-Feb.  7;  Gardner  Display 
Co.,  Products  of  Tomorrow  Exposi- 
tion; Coliseum  Group,  Chicago,  111. 
Marcus  Hinson,  general  manager 
planning  department,  Armory,  16th 
and  Michigan,  Chicago. 

Jan.  28-26,  Institute  of  Radio  En- 
gineers, 33d  Annual  Winter  Techni- 
cal Meeting;  As  tor  Hotel,  New 
York,  N.  Y.;  E.  J.  Content,  chair- 
man of  meeting-  committee,  WOR, 
1440  Broadway,  New  York  18,  N.  Y. 


WASHINGTON  NEWS 

Railroad  Operators.  The  500,- 
000  railroad  employees  who  are 
eventually  expected  to  be  involved 
in  the  operation  of  railroad  radio 
equipment  will  not  be  required 
to  have  operating  licenses  from 
FCC,  according  to  a recent  rule  of 
that  body.  In  lieu  of  its  waived 
examinations,  the  Commission 
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WE  MANUFACTURE 

Radio  coils 
Solenoids 
Bank-wound 
Universal 

Universal  progressive 
Paper  section 
Layer-wound 
Toroids 

From  the  middle  of  the 
voice  frequency  to  ultra- 
high  frequency.  Electronic 
and  radio  equipment  of  all 
kinds. 


WE  HAVE  EQUIPMENT 

FOR  ANY  TYPE  OF  TREATMEHT: 

Hermetic 

Wax 

Varnish-impregnating 
Baking,  vacuum-impregnating 
Oil  filling 

We  have  a completely 
equipped  laboratory  with  Q 
meters,  twin-“T”  bridges 
and  special  bridges  . . . for 
frequency  analyzing  and 
prime  standard  of  fre- 
quency. 


ALSO  , . , 

We  are  equipped  for  turning  out  special  sub-assembly  work 
vrorkon  complete  units  where  allied  to  our  vimous  feedi- 
ngs as  well  as  small  punch  press  work  . . . .lugging  and  ter- 
mfnal  a^mbly  . . . soldering,  testing  . . . original  design  and 

product  design.^  ^ ^ ^ 

COMMUNICATION  PARTS 


NOT  INC. 


1101  NORTH  PAULINA  ST. 


CHICAGO  22,  ILLINOIS 
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General  Industries  con- 
stant-speed electric  phono- 
graph motor — Model  CX. 


Users  and  the  trade  have  always 
given  hearty  applause  to  General 
Industries  phonograph  mechanisms. 
Owners  like  the  fine  fidelity  of  every 
note  or  syllable — and  sales  and 
service  departments  are  strong  for 
their  reliability  and  freedom  from 
maintenance  troubles. 

You  get  this  same  old-time  satis- 
faction from  our  Smooth  Power  turn- 
table motors,  recording  assemblies 
and  record -changer  recorder  com- 


binations as  we  return  to 
civilian  production.  As 
always.  General  Industries 
equipment  will  earn  your 
approval. 


ELYRIA,  O 


DEPT.  M 


This  Assembly  Fixture 
Cuts  Manufacturing  Costs 


* Assembly  and  wiring  time  are  reduced  because 
the  position  of  the  chassis  is  instantly  adjustable  lor 
each  operation. 

f'n  * Operators  do  better  work  with  less  iatigue, 

.ins  arstiabi.  thereby  minimising  costly  trouble  shooting. 

d*’  . • One  fixture  investment  serves  for  all  models 

since  each  fixture  is  adjustable  to  various  chassis 
sixes. 


ROBERT  L.  STEDMAN  MACHINE  WORKS 

SPECIALISTS  IN  MASS  PRODUCTION  TOOLS 

OYSTER  BAY.  LONG  ISLAND  NEW  YORK 


approved  a procedure  where  appli- 
cants will  be  required  to  pass  as 
examination  conducted  by  railroad 
examiners. 


INDUSTRIAL  EMPLOYMENT.  At  the 
peak  of  activity  last  spring,  the 
radio  industry  had  a personnel  of 
more  than  500,000,  according  to 
WPB.  By  July,  this  had  fallen  to 
470,000.  Estimates  have  it  that 
335,000  people  were  obtained  from 
the  prewar  radio  industry  itself, 
while  the  rest  were  newcomers, 
many  of  whom  are  expected  to  go 
back  to  other  pursuits  in  peace- 
time production. 


Components.  WPB  is  predicting 
the  possibility  of  8,500,000  new 
radio  sets  for  civilian  use  by  the 
end  of  the  year.  Supplies  of  com- 
ponents will  be  ample  to  meet  most 
needs  of  the  industry,  and  while 
some  items  may  be  in  short  supply, 
there  are  many  cases  where  sub- 
stitutes can  be  used.  Besides  this, 
quantities  of  components  can  come 
from  surplus  stock  and  also  from 
longer  production  runs  made  pos- 
sible by  the  less  precise  specifica- 
tions of  civilian  designs.  Compo- 
nent supplies  for  military  and 
civilian  research  and  development 
laboratories  have  become  so  easy 
that  ERSA  (Electronics  Research 
Supply  Agency)  is  scheduled  to 
go  out  of  existence.  Component 
production  capacity  has  increased 
markedly  during  the  war,  as  may 
be  seen  from  the  following  table. 


Component 
Tube*  (reoeiving)... 
Tubes  (receiving) . . . 
Tubes  (transmitting) 
Tubes  (transmitting) 

Transformers 

Capacitors 

Resistors 


•Units 


June  1M5 
i DetiTews 

x 

DO*  * 

S MS 


FCC  ACTS 

To  permit:  To  do  -Ala: 


WSAP 

Portsmouth,  Vs. 
WOMT 

Manitowoc,  Wli. 
KOTA 

Rapid  City,  S.  D. 


WHNC 

Henderson,  N.  C. 
WHBC 
Canton,  Ohio 
WATX 

Ann  Arbor,  Mich. 
WJBK 

Detroit,  Mich. 


Operate  with  newly 
vertical  enter**.  ^ 

Operate  with  increased  powers* 
changed  trananitfng  equte"*" 
Operate  with  changed 
power  Increase,  new 
and  directional  antenna 
use,  and  transmitter  moved- 
Operate  newly  constructed 
ard  broadcast  station- 
Use  formerly  licensed  250-*  *•"*• 
mitter  as  auxiliary.  , 

Extend  completion  date 

non-commercial  educationi 
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KIRKIAND  Pioneer 

INDICATING  LAMPS 


FOR  USE  WHERE  QUALITY  COUNTS 


#659  D/E  D»- 
Luxe-Unit  of  Su- 
perior Design  4 
Construction 


This  Heavy-Duty  Unit,  extremely  shallow 
in  depth,  extends  but  \x/a"  behind  the  front 
of  the  panel.  Single  hole  mounted  in  a V/t" 
diameter  hole.  Hexagon  holding  lip  Vi" 
thickness.  Molded  bakelite  socket  for  use 
with  S6  Tungsten  and  T4Vi  Neon  bulbs. 
Its  heavy-walled  glass  lens  is  securely  held 
in  a screw  type  lens-cap.  The  bulb  is  easily 
removed  from  the  front  without  a tool.  List 
Price,  $2.20  (less  bulb). 


Typical  Lams , 

Ann  unolator 
Easily  mado 
with  Kirk- 
land  Bullt-I- 
Units. 

MAKE  UP  YOUR  OWN  LAMP 
ANNUNCIATORS  — EASILY 

Kirkland  Units  provide  a simple,  practical 
means  of  making  high  quality  Lamp  An- 
nunciators. Simply  provide  proper  holes  in 
the  panel  and  insert  units,  locking  them  in 
place,  connect  to  the  wiring  and  the  An- 
nunciator is  in  service. 

The  Kirkland  catalog  sent  promptly  on  re- 
quest, will  prove  helpful.  Write  for  it. 

The  H.R.  KIRKLAND  CO.,  Morristown,  N.J. 
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PHENOL  AND  VULCANIZED 

FIBRE 

FABRICATIONS 

FOR 

INDUSTRY 


Ml 


NOW!  MAKE  PHOTO- 
COPIES OF  ANYTHING 

in  your  own  office -quickly, 
accurately,  at  low  cost! 


r.10-OPERRTE 

&PECO 

qTOEXACT 


PENCIL 

SKETCHES 


SPECIFI- 

CATIONS 


TRACINGS 


Send  for  your 
free  copy  of 
this  inform- 
ative book 
. . . tells  how  APECO 
photocopying  can  serve  you 

Sec  how  you  can  save  time,  money, 
labor,  and  expedite  work  with  this 
most  modern  method  of  copying. 
APECO'S  interesting,  20-page,  fully 
illustrated  book  gives  you  the  story 
of  Photocopying— shows  graphically 
the  '‘what”  and  "how"  of  this  amaz- 
ingly simple  procedure.  Yours  for 
the  asking — no  strings  attached. 
Write  for  your  copy,  today. 


Copies  Anything!  With  this  modern 
equipment  in  your  oflice  or  plant,  you 
can  get  photo-exact  copies  of  anything 
written,  typed,  printed,  drawn  or  pho- 
tographed— even  if  on  both  sides!  No 
wailing — no  costly  doing  without  copies 
you  need.  APECO  safeguards  valuable 
originals — delivers  copies  at  1-a-min- 
ute  speed,  for  leas  than  the  cost  of  a 
phone  call  to  an  outside  source  of 
photocopying! 

Expedites  Work  in  Every  Depart- 
ment! Executives.  in  a nation-wide 
survey,  reported  137  tested  uses  for 
APECO  — uses  for  every  department 
of  your  business,  t hat  speed  work,  save 
typing  and  drafting  time. 

Permanent,  Error-proof!  APECO 
can’t  make  mistakes.  You  get  legally 
accepted  copies — with  no  proof-read- 
ing or  steno-copying  required. 

Any  Boy  or  Girl  Can  Operate  It!  No 

film,  no  camera,  no  focusing — no  dark- 
room or  technical  knowledge  needed. 
It's  so  easy  that  anyone  can  learn  to 
operate  it  in  a few  minutes! 


Also  continuous 
cabinet  models  for 
printsof  any  length, 
up  to  it*  wide. 


AMERICAN  PHOTOCOPY  EQUIPMENT  CO. 

2849  North  Clark  St  . Dept.  AQ-II5  Chicago  14,  Illinois 
Representatives  in  principal  cities  and  Canada 

^Apeco 

PHOTOEXACT 

AMERICA'S  MOST  WIDELY  U8ED 
PHOTOCOPY  EQUIPMENT 
DRYERS • TRAY8  • PAPER  • CHEMICALS  „ 
TIMER8  • AND  OTHER  PHOTOCOPY  * 
8UPPLIE8 


WLEE 

Richmond,  Va. 


Michigan  Bel! 
Telephone  Co. 
Detroit,  Mich. 


Illinois  Bell 
Telephone  Co. 
Chicago,  III. 

Lorain  County 
Radio  Corp. 
Duluth,  Minn. 


Modify  construction  of  new  station 
to  install  vertical  antenna  and  change 
transmitter  location. 

Construct  experimental  Class  5 
coastal  harbor  station  for  ship-to-ship 
and  ihip-lo-shor«  radio  telephone 
communications  on  vhf.  Frequencies 
will  be  assigned,  power  will  b«60w. 

Same  as  above. 


Same  as  above. 


BUSINESS  NEWS 

Sherron  Electronics  Co.  Brook- 
lyn, N.  Y.  is  set  up  to  provide  an 
electronic  engineering  service  for 
manufacturers  having  problems 
where  electronic  devices  and  appli- 
cations may  aid.  It  covers  the  com- 
plete research,  design,  development, 
and  manufacturing  service. 

Maguire  Industries  Inc.,  Bridge- 
port, Conn.,  is  retooling  its  tommy 
gun  plant  for  production  of  rail- 
road radio  equipment,  a 6-tube 
home  receiver,  an  automatic  record 
changer  and  related  items. 

Western  Electric  Co.,  New  York, 
N.  Y.,  supplied  to  the  Government 
during  the  war  more  than  62,900 
radars  of  64  different  types  valued 
at  more  than  $800  million. 

PERSONNEL 

Noran  E.  Kersta,  former  manager 
of  NBC's  television  department  has 
been  discharged  from  the  U.  8. 
Marine  Corps.  He  returns  to  the 
network’s  television  department  in 
an  executive  capacity. 

Charles  R.  Denny,  Jr.,  former 
general  counsel  to  FCC,  is  confirmed 
in  his  is  membership  on  the  Com- 
mission. He  is  the  youngest  commis- 
sioner in  FCC  history. 

Ray  C.  Ellis,  former  director  of 
the  WPB  radio  and  radar  division, 
is  appointed  vice-president  of 
Raytheon  Mfg.  Co.,  New  York, 
N.  Y. 
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With  reconver- 
sion in  full  swing 

You  will  wont  To  use  ond 
know  more  about  these 
new  sub-miniature  vac- 
uum Tubes 


/4ctsuU 


-Series  VW- 
15  mo.,  1.5  volts 


< 


y 


Grid  current  less  than  * 
10"'4  amperes — grid 
sislance  approximately 
10l>ohms.J^fjjM?^ 
Individually  checked  for 
uniformity  within  the 
range  of  the  best  operat- 
ing characteristics — each 
tube  is  built  for  exacting 
circuit  requirements. 

Available  as . . 

Electromstars 
Pentodes 
Tetrodes 
Triodes 
Diodes 

And  now  in  production 
— new.  hi-mog  vacuum 
sealed  resistors  in  o 
range  never  adequately 
^Covered  before — values 
from  1 megohm  to 
i ,000,000  megohms. 
Write'  for  literature  on 
tubes  ancf'  resistors  or 
consult  us  on  yOvt^^M 
problems. 


1,000,000  Megohms 


THE  VICT0REEN  INSTRUMENT  CO. 

5806  HOUGH  AVENUE 
CLEVELAND  3,  OHIO 
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WATERTIGHT 


^ SMALL 

STAMPINGS 
any  design. 

Ask  for  Quadriga  Catalog, 
Photos  and  valuable  washer 
data.  Send  specifications 
for  quotation. 


The  QUADRIGA  MFG.  CO. 


■•MTHraM  ISM  “Halls  Century" 
221A  West  Grand  Ave., 
CHICAGO  10.  Hi. 


PANEL  MOUNTING 

PLUGS  AND  RECEPTACLES 

VIBRATION-PROOF  ASSEMBLIES 


THE 


VICTOR 


m$#;  I 


510* 


H0U<* 


ClEVEl*N0 


0^ 


nsfor»te1 


\neers 


ited  t0 


Devoid 

RESEARCH-DEVELOPMEN 


For  locknut  or  bolted  style  mounting  to  panels  1/16 
to  5/8"  thick.  Precision  built  housings  - light  weight, 
ample  wiring  space. 

Contacts  fully  machined,  self  wiping  and  free  floating. 
All  terminals  identifed.  Polarized,  grounded  and 
shielded. 

Interior  moulded  bakelite.  Moulded  rubber  gaskets  on 
watertight  style. 


ELECTRONIC  ENGINEERING  C< 

3223-9  WEST  ARMITAGE  AVE.,  CHICAGO  47,  ILLINO 


Thousands  in  use  for  vital  war  service. 
c— . ,<foz  Please  address 

Dept.  No.  H 


Particular  washers 

TOR  ELECTRONIC  PRODUCTS 


^uacCri^a 

Quality 

WASHERS 


AUmaI  IV  Sf 


-Series  VI 
15  mo.,  U i* 


RUSSELL  & STOLL  COMP 

EXPLOSION-PROOF,  WATER-TIGHT,  INDUSTRIAL  LIGHTING 
AND  EQUIPMENT.  AUTOMATIC  LOCKING  "EVER-LOK"  COI 

125  BARCLAY  STREET  • NEW  YORK  7 


Before  and  during  Ihe  war  the  HENRY 
P.  SEGEL  CO.  was  known  for  its  de- 
pendable serv fee.  Today,  there  will 
be  no  reconversion,  no  changeovers. 
You  can  count  on  that  dependability 
to  continue  serving  your  best  interests. 

The  HENRY  P.  SEGEL  CO.  has 
entered  Its  21st  years  of  serving  the 
New  England  radio,  electronic  and 
electrical  market. 

By  every  standard  of  performance, 
quality  and  service,  you  can  rely 
with  confidence  on  the  HENRY  P. 
SEGEL  CO.  and  the  firms  it  rep- 
resents. 


HENRY  P.  SEGEL  COMPANY 

Jtedfe — tlmetronle — Electrical 
Moeefactwrer,'  Hepreienfotlvei 
Field  Engineers 


143  NEWBURY  STREET 
■OSTON  It.  MASS. 

Teh.  KENmore  3012-4333.9755 
le  HARTFORD:  Tel.  2-9*59 


• As  leaders  in  the  field  of  design  and  development  of  specializ 
transformers,  Electronic  Engineering  Co.  has  established  an  envi- 
able reputation  for  solving  the  most  difficult  transformer  applicatioi 
With  complete  electronic  laboratories  and  the  finest  engineering 
talent  available,  Electronic  Engineering  Co.  is  devoted  exclusively 
to  the  production  of  specialized  transformers. 


EVER 

A U T O P 
LOCK 


FO 

PORTABLE 
AND  SIGNA 
2 to  i: 


FC 

POV 

10  to  2< 

2,  3 & 


★ 

★ 

★ 

★ 

★ 


Comftessm  Jfo/JeJ 

PLASTIC 

PRODUCTS 

★ Here  at  Rogan,  you  are  invited  to  avail 
yourselves  of  our  complete  knowledge  and  long 
experience  in  all  phases  of  plastic  molding. 
Our  staff  of  trained  experts  will  be  glad  to 
assist  you  with  your  plastic  problems,  no 
matter  how  involved  or  comprehensive. 

In  addition  to  compression  molding,  we  also 
offer  an  exclusive  "deep  relief"  branding 
process  that  goes  a long  way  toward  reduc- 
ing the  cost  of  plastics  that  must  bear  mark- 
ings, lettering  or  other  descriptive  matter. 

Write  for  facts  on  this  lower  cost,  combina- 
tion service  today. 

ROGAN  BROS. 

Compression  Molders  and  Branders  of  Plastics 
2003  S.  MICHIGAN  AVENUE  • CHICAGO  16,  ILLINOIS 


★ 

★ 

★ 

★ 
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EL  MENCO  molded  mica  capacitors 

. . . they're  recognized  throughout  the 
Electronic  Industry  as  the  standard  by 
which  all  mica  capacitors  are  judged. 

NORMAN  H.  LAWTON 

1775  BROADWAY,  NEW  YORK  CITY  19  • Phone  Circle  6-0867 

DIRECT  FACTORY  REPRESENTATIVE 

• AW  FRANKLIN  MANUFACTURING  CORPORATION  - Sock.t,  • 

• F W SICKLES  COMPANY  (EASTERN  REPRESENTATIVE)  — Colls  ' I F Tronsfnlrel' ' ' a”',"  ' 

Trimmer  Condensers,  mica  and  air  dielectric  . . . Tuning  Units  ' rcmiforme,J  • ■ ■ Antenno  Loops . . . 

. JLECTOMOTIVE  MANUFACTURING  COMPANY  - Molded  Mica  Coped,.,.  .Mi„  Mmow,  cap«i^. 


ENGINEERING 
SALES  • SERVICE 


Hugh  S.  Knowles,  vice-president 
and  chief  engineer  of  the  Jensen 
Radio  Mfg.  Co.,  Chicago,  111.,  is 
elected  president  of  the  Acoustical 
Society  of  America. 


James  H.  McGeaw  Jr.,  chairman 
of  the  board  and  president  of  Mc- 
Graw-Hill Publishing  Co.  is 
awarded  the  honorary  degree  of 


doctor  of  engineering,  “for  his 
achievement  in  behalf  of  science 
and  engineering  for  their  fullest 
use  for  all  the  peoples  of  the 
world,”  by  Rensselaer  Polytechnic 
Institute,  Troy,  N.  Y. 


Four  miniature  tubes  are  need  « *• 
full  electronic  complement  oi  the  W6*- 
imlty  sure  describes  In  detail  elsewta® 
In  this  Issue.  The  fuse  Includes  a 
two  pentodes  and  a thyratroo. 
are  being  held  by  Roger  It  Wise,  rice 
president  and  chief  engineer  ■ e 
▼aula  Electric  Products,  the  cosiponT 
which  made  all  the  tubes  lor  use  “ 
rotating  projectiles.  Ons-ouncs  tub® 
mounted  In  the  projectile  , 

weight  of  125  Ih  under  acceleration  » 
being  tired  from  guns 
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YOU  N [ I D THIS 
BOOK.  "The  Cathode 
Ray  Oscilloscope." 

by  Raymond  Sow.ird. 
fully  esplaint  Katie 
operating  principles 
of  the  Oscilloscope. 
New.  25  pages,  writ- 
ten  In  tne  Sendee* 
man's  language.  Send 
25c,  to  cover  print- 
ing and  handling 
costs,  with  coupon 
below. 
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SOS 


UEME  INSTRUMENTS  CORPORATION. 

■nwood.  Miss. 

enclose  herewith  25c.  Please  send  me  your 
25-page  booklet.  "The  Cathode  Ray  Osclllo- 
ie.”  by  Raymond  Soward. 


0-5-2  5- 1 00-2  50-500- 1000-2  500 
AC  VOLTS:  0-S- 10-50-250- 1000 
OUTPUT  VOLTS:  0-S-10-S0-2S0- IOOO 
OHMMETER:  0-200-2000-20.000  OHMS 


0-2-20  MEGOHMS 

BATTERY  TEST:  Check  Dry  Portable  "A"  and 
"B"  Batteries  Under  Load 
CONDENSER  CHECK:  Electrolytlcs  checked  on 


CONDENSER  CHECK:  Electrolytlcs  cnecxea  on 

English  Reading  Scale  at  Rated  voltages  of 
2 5-50  - 100-200-250-300-450  volts. 


TUBE  TESTER:  Emission  type  with  noise  test 

floating  filaments,  easy  chart  operation. 
Checks  all  receiving  type  tubes. 

POWER  SUPPLY:  115  volts  60  cycle.  Special 

voltage  and  frequency  upon  request. 


SPECIFIC  A TIONS 


★ THE  PORTABLE 
THAT  GIVES  YOU 


GIVES  ” DU*, #-  / 

&**?***?■ 


★ Design  proven  by  over  5 years  produc 
tion  of  thousands  of  this  model. 


★ Operation  as  simple  as  ABC.  M ulti- 
section  push-button  switches  do  all 
work.  Simply  "follow  the  arrows"  for 
tube  checking.  No  roaming  test  leads 
for  the  multimeter. 

★ Open  face  wide  scale  4*/|-inch  rugged 
meter  built  especially  for  this  tester — 
— 500  microampere  sensitivity. 

★ Each  AC  and  DC  range  individually 
calibrated. 

★ Professional  appearance.  Solid  golden 
oak  carrying  case. 

★ Guaranteed  Rectifier. 


"ALNICO" 

PERMANENT  MAGNETS 

Specializing  in  the  production  of  highest  quality 
Alnico  Magnets  in  all  grades  including  new  triple 
strength  No.  5. 

Production  material  checked  to  assure  highest 
uniform  quality  of  product. 

Castings  made  to  customer's  special  order  on 
the  basis  of  sketches  or  blueprints  furnished. 

Information  and  suggestions  furnished  on  request. 

GENERAL  MAGNETIC 

CORPORATION 

MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  ALLOYS 
2126  E.  Fort  Street  • Detroit  7,  Michigan 


PIONEERS 
IN  OIL-FILLED 
TRANSFORMERS 
For  RADIO  and  RADAR 


I Nauru 

| Addrr.. 

I City  and  State 


DINION  COIL  COMPANY,  Inc 


CALEDONIA,  N.  Y 
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■ 


Check  the  Quality  Features 
of  the  Drake  No.  500  Series 

y/  Time  tested  — Millions  have  been  used 
since  March  1940! 

y/  Available  in  any  quantity  with  any  type 
of  bracket. 

y/  Sturdy  Bakelitc  Molded  insulating  cast- 
ing shields  socket  from  outside  contact. 
y/  Center  contact  lead  wire  mechanically 
secured  before  soldering. 
y/  Both  lead  wires  withstand  over  25  lbs. 
tension. 

y/  Rounded  eyelet  edges  prevent  cut  or 
frayed  lead  wire  insulation. 
y/  1000  volts  minimum  breakdown  voltage 
between  contacts  and  to  ground. 
y/  Casting  mechanically  secured  to  bracket 
— can’t  turn. 

y/  Socket  mechanically  secured  within  cast- 
ing — can’t  turn  or  be  pulled  out. 
y/  Center  contact  secured  within  socket — 
contact  won’t  protrude  when  lamp  re- 
moved. 

Ctnildar  thl*  better  underwriter*1  approved  DRAKE  dial  light 
attembly  for  yeur  production  requirement*.  Lead  wire  2»A  in.  to  4 ft. 
Prompt  ehlpment  In  any  quantity  attured.  May  we  tend  samples  or  eur 
newest  catalog? 

SOCKET  AND  JEWEL  LIGHT  ASSEMBLIES 

r 


DRAKE  MANUFACTURING  CO. 

1713  WEST  HUBBARD  ST.,  CHICAGO  22,  U.  S.  A. 


A - iudCo-uZ’ 

AlWiua  a amwww  » — 


GIVING  LATKST  INFORMATION 
AROUT 


itSSlST  OSS 


Copy  with  pricG  sheet  mailed  on  request. 
Ask  for  BULLETIN  4505. 


t HITE , 


THI  S.  S.  wAjll  DENTAL  MFC.  CO?  I N DU  ST  RIAL  DIVISION 

\CkC/  0,rr  10  ,T  ' H,w  TOB*  * V - 

YavX  MAu'cuVniirawa  *”  ,OOW  * accuiojiis 

WKIAIIN*  . CONTIACT  runic*  MOLthWC 

' V A AAA  Sttexfi-UMi 


Roy  S.  Kerchee  is  appointed  chief 
electrical  engineer  at  Grayhill,  Chi- 
cago, 111.  He  waa  previously  with 
the  Furnas  Electric  Co.  engaged  is 
laboratory  and  experimental  work. 

Robert  A.  Millikan,  77,  adminis- 
trative head  of  the  California  In- 
stitute of  Technology  for  24  years, 
retires.  He  will  continue  a*  vice- 
president  of  the  board  of  trustees 
and  will  assist  the  board  president 
in  public  relations  and  institutional 
development.  In  1928  he  was 
awarded  the  Nobel  Prize  in  physics 
for  isolating  and  measuring  the 
charge  of  an  electron. 

Ray  H.  Manson,  who  joined  Strom- 
berg-Carlson  Co.  in  1916  as  chief 
engineer,  becomes  the  first  engi- 
neer-scientist to  be  president  of 
the  company  during  its  51  years. 


He  has  been  executive  viee-presi- 
dent  and  general  manager.  He  is 
succeeded  by  T.vnc  McCANNl,  who 
originally  joined  the  firm  as  a radio 
engineer. 


AWARDS 

Through  this  department  Hue- 
tronics  pays  tribute  to  the  workers 
of  the  following  concerns  in  the 
electronic  field  who  were  awardee 
final  Army-Navy  “E”  burgeee  for 
excellence  in  production. 

John  E.  Fast  4 Co. 

Chicago,  111. 

Hamilton  Radio  Corp. 

New  York,  N.  Y. 
Webster-Chicago  Corp. 
Chicago,  111. 

(two  plants) 
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METAL-COATING  PROCESS 

•B&a»  *saasr 

«9Vint  OMLT  RAPID  lliCIROLYT*— RAFID 
MITAL  CUAMiR— RAPID  APPLICATOR 

• Pllllag  nmal  to  obtained  Iran  dry 
orik.  star*?*  battery.  or  out  nornlwt 
•!  dlrsct  currant  ext  3 t*  I V*  or 

on  Ra*U  Plating  Raatlflar  lor  hoary 


* For  «Ur*r  surfacing  boo  bar  os  ossa 
ttoas,  lags,  switch  blade*.  ale.  For  plat- 
Im  «r  touckinf  up  mbMllaaMU  rar- 
Ihm  with  cadmium.  aickcL  siac,  copper 
mmd  void.  BoUdiav  up  limited  area, 
lard  auriacinv  with  niekeL  Used  tat 
■hep  er  field.  Special  applicators  do* 
dveed  to  speed  up  production  line  Jobe. 

Os r laboratory  It  glad  to  coeperefs. 

No  obligation 

Rspid  Electrsplstisg  Process,  lie. 

1414  S.  Wabash  Aro.,  Chicago  S.  III. 

Ml  Aroybor  IMg.  237  Rtalts  Hdg. 

Maw  Tariu  N.  T.  Sas  Praactoaa.  Com. 


RADIO  CHASSIS 
PUNCH 


Saves  hours  of  work  cutting  ciean, 
accurate  holes  in  radio  chassis — for  con- 
nectors and  other  receptacles.  Simply 
insert  cap  screw  in  hole  to  be  enlarged 
(drill  small  hole  if  necessary),  turn  with 
ordinary  wrench  to  force  punch  through 
the  metal.  No  reaming  or  filing —hole 
is  smooth  and  clean.  No  distortion 
die  supports  metal.  Ten  sizes  from 
to  2 also  up  to  3 for  meters.  Write 
for  free  catalog  33E  to  Greenlee  Tool 
Con1931  Columbia  Ave.,  Rockford,  IlL 
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Now  ...  a new  approach  to 
electrical  transients - 

with  emphasis  on  pulsed  linear  networks 

Here  i»  a new  approach  to  the  fundamental!  of 
trantient  analyiii.  printing  a general  method  ot 
analysis  in  terms  of  mathematical  concepts  familu,r 
to  the  electrical  engineer.  Thu  it  done  by  “*« ■ 
differential  equation!  whole  tcope  is  extended  to  pin 
vide  an  effective  meant  of  solving  trtniient  problems 
Mathematical  retultt  are  correlated  closely  with  he 
physical  operations  they  describe.  Emphasis  it  on  the 
basic  principles  of  circuit  operation,  and  on  establiili 
ing  a me/Aod  of  analysis  widely  applicable,  yet  based 

on  familiar  mathematical  concepts.  M --  I 

JVBT  FOBUSalD  C ^ S 

PULSED  LINEAR  NETWORKS 

Q«rd«o  City  Research  Laboratories 


This  book  gives  you: 

zssrzsrxAz  pzxpsxs  io°t 
sSEsSffl  K: 
S»s  ersirssns 

to  clarify  tb.  to.l- 

cal  drrelopment  of  maulta 


CONTENTS 


266  posts,  5 x 8.  183  illustra- 
tions and  tablns,  $3.00 

tad  for  this  book  for  10  days’  frts  aiswInaUn. 
mwnl  Mot.  the  boors  msok  sketebat.  dlasrams, 
OMdlloerama  lUuatratlnx  trsnstaot  network  baht 

I — -SEE  IT  10  DAYS  ON  TRIAL- 

1 aaSra.-HIII  Baak  Co..  33*  W.  «td  N 
Yark  13 


aS&jsja.'asffi.'sfS-- 


i mad  Induo-  | 


Yerk  18 

I tad  me  Frank's  PULSED  LINEAR  NETWORKS  I 
1 for  10  days’  examination,  on  approval.  In  10  days  I 
I will  send  $3.00.  plus  few  cents  postage,  or  re- 
■ turn  book  postpaid.  (Postage  paid  on  cash  orders.)  * 


Serial* Network,  CtaiUlalni  Baalitaaoa 
Beriea*  Network!  CcnttlnlM  BariaUiw.  Iodotonw 

Ba^-SSmrSwwork.  ConUlotok  Bwtouao.  awl 

B^rrSSSrt  Network*  Cootatolnk  B-toUOW  *»d 

NW-wka  gaiulnln.  B-touaw.  U»- 

dustance,  and  Capacitance 
Elementary  Applications 

. » _ Vaiwxnatltlklk  Ifld 


Address  

City  and  State 
I Company  


SJSTSfflffS  Hyparkollc  Foocttoo. 


L 


^ L 11-45  1 

(Books  sent  on  approval  In  U.  8.  only)  | 
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AMERICAS 


tH&lt 

COMPLETE 
SOURCE  ef 
SUPPLY 

Where  the  impossible 
becomes  the  usual. 
6,000  square  feet  of 
space  and  a consider- 
ably enlarged  staff, 
enable  us  to  improve  a 


service  that  has  always 
been  TOP  FLIGHT. 


'tyate  our  Ttcw  s4eCcCre44 


sun  RADIO 

& ELECTROMCS  CO.,  Inc. 

122  Duane  St.f  New  York  7 

T«l.  BArclay  7-1840 
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NEW  BOOKS 

You  and  Your  Radio 

By  Vepa  V.  Lakshmana  Rao,  Radio 
Engineer,  Govt,  of  Madras,  India.  Ad- 
dison & Co.,  Ltd.,  Madras,  India,  170 
pages,  price  6 rupees. 

All  about  broadcasting,  in  lan- 
guage for  the  layman  and  with  em- 
phasis on  material  likely  to  be  of 
interest  and  value  to  broadcast  lis- 
teners. Starting  with  fundamen- 
tals of  radio,  the  author  traces  a 
program  from  microphone  to  loud- 
speaker, gives  advice  on  choosing  a 
radio  for  use  in  various  localities  of 
India,  gives  some  practical  tips  on 
home  radio  maintenance,  and  de- 
votes two  chapters  to  broadcasting 
in  India  and  Ceylon  and  to  rural 
broadcasting  in  India.  Various 
types  of  canned  programs  are 
described,  with  general  details 
of  gramophone-disc  recording,  steel- 
tape  recording,  and  celluloid-tape 
recording.  This  well-written  and 
adequately  illustrated  work  is  the 
second  edition,  completely  revised, 
of  a book  originally  brought  out  by 
the  author  in  1942. — j.m. 

• • • 

Network  Analysis  and 
Feedback  Amplifier  Design 

By  Hendrik  W.  Bode,  Research 
Mathematician,  Bell  Telephone  Labor- 
atories. D.  Van  Nostrand  Co.,  Inc., 
1945,  551  pages,  $7.50. 

Basic  circuit  theory  and  mathe- 
matical analysis  of  feedback  ampli- 
fiers is  presented  in  generalized 
form  for  the  design  engineer.  The 
text  is  self-contained  for  those  who 
have  had  the  equivalent  of  present- 
day  college  senior  circuit  and  math- 
ematics courses.  The  discussion  is 
interspersed  with  practical  circuit 
considerations  and  conclusions. 
Stress  is  laid  on  interpretation  of 
circuit  behavior  from  graphs  of 
circuit  functions. 

Groundwork  for  the  final  chap- 
ters on  design  of  absolutely-stable 
single-loop  feedback  amplifiers  and 
illustrative  examples  of  such  ampli- 
fiers appear  in  the  first  few  chap- 
ters on  mesh  and  nodal  equations 
for  tube  circuits,  the  complex  fre- 
quency plane,  a mathematical  ap- 
proach to  feedback,  and  physical 
realizability  of  and  Nyquist  criter- 
ion for  stability. 

To  provide  completeness  in  the 
single  volume,  there  are  four  chap- 


Can  You  "Measure  Up" 

to  a good-paying  radio-electronics 
job  with  a secure  peacetime  future? 

' Post-War''  is  NOW! 

Don't  be  caught  unpreparedl  Add 
CREI  home  study  training  to  your 
present  experience  and  step  ahead 
of  competition 

NOW  is  the  time  to  take  the  time  to  prepare 
yourself  for  the  important,  career  iobi  In 
radio-electronics  engineering.  You  will  find 
the  knowledge  gained  from  your  CREI 
course  useful  almost  from  the  beginning. 
In  our  proved  home-study  course,  you  learn 
not  only  how  . . . but  why  I Easy-to-read- 
and-understand  lessons  are  provided  tou 
well  in  advance,  and  each  student  hai  hit 
personal  instructor  who  corrects,  criticiiM 
and  offers  suggestions  on  each  lesson  ex- 
amination. This  is  the  successful  CREI 
method  of  training  for  which  more  than 
10,000  professional  radiomen  have  enrolled 
since  1927. 

Your  ability  to  solve  tough  problems  on 
paper  and  then  follow  up  with  the  necei 
sary  mechanical  operation,  is  a true  indica- 
tion that  you  have  the  confidence  born  of 
knowledge  . . . confidence  in  your  ability 
to  get  and  bold  an  important  Job  with  a 
secure,  promising  future.  Investigate  now  the 
CREI  home-study  course  best  suited  to  your 
needs,  and  prepare  for  security  and  happ 
ness  in  the  New  World  of  Electronics!  Write 
for  all  the  lads  today. 

• WRITE  FOR  NEW,  FEEE  3 

If  you  have  had  professional  or 
amateur  radio  experience  and  want 
to  make  more  money — let  ui  prove 
to  you  we  have  something  you  need 
to  qualify  for  a better  radio  Job. 

To  help  us  answer  Intelligently  your 
inquiry  — PLEASE  STATE 
BRIEFLY  YOUR  BACKGROUND 
OF  EXPERIENCE.  EDUCATION 
AND  PRE8ENT  POSITION. 

CAPITOL  RADIO 

ENGINEERING  INSTITUTE 
Dept.  E-11,  3224  — 14th  Street,  N.  *■ 
WASHINGTON  10.  D.  C. 

Contractors  to  U.  S.  Navy— U.  $•  Coast 
— Canadian  Broadcasting  Corp.  produ‘,r\ 
Wall -trained  Technical  Radiomen  for  lndu»  T 

Member:  National  Council  of  Technical  Schools 

Ner«4w  fMS-ELECTItONlCS 
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THE  NEW  POST  WAR  PORTABLE 


A BOX 
TO  REMEMBER  when 
yen  want  600B  ceilt 

STRIHUVCK 

R.f.  COILS 

AND  ASSOCIATED  ASSEMBLIES 

Thar*  Ii  • Stanwyck  ceil  (or  every  appli- 
cation in  th*  Radio  Frequency  Spectrum 
— coils  that  have  mat  th*  requirements 
of  war  and  which  will  meat  your  require- 
ments now  that  th*  war  is  won  . . . Sand 
for  folder  describing  our  line  and  facilities. 

STANWYCK  WINDING  CO. 


NEWBURGH 


NEW  YORK 


DUPLICATING  and  PROFILING 

AUTO  ENGRAVER 

Accurate  Engraving 
with  Unskilled  Operators 

Unskilled  operators  wifi  profile  or  accurately 
reproduce  in  smooth  lines  any  design,  num- 
ber, letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  all  plastics. 
Here  are  some  of  its  other  uses  . . . 

• Drills  a series  of  holes,  or  profiles  small 
parts 

• Cuts  an  even  channel  for  wiring  on  panels. 
Increases  accuracy  and  production. 

• Works  from  original  drawing  or  templates. 

• Etches  glass  and  similar  items. 

• Will  not  cause  distortion. 

For  complete  information  on  this  and  other 
"»o«els  and  prices  write  Dept.  K. 


auto  ENGRAVER  CO. 

.1176  BROADWAY.  NEW  YORK  19 


will  be  available  soon  for  Ships — Towboats — Piers 
and  all  marine  applications.  Also  Fire  and  Police 
Departments — Athletic  Games — and  other  uses  too 
numerous  to  mention. 

This  Megaphone  gives  your  voice  2500  times  its 
normal  power. 

This  equipment  is  a development  of  a megaphone 
used  exclusively  by  U.  S.  Navy  and  Amphibious  Forces 
and  was  developed,  manufactured  and  patented  by  us. 


— WATCH  FOR  ANNOUNCEMENT- 


GUIDED  RADIO  CORPORATION 

161  Sixth  Avenue  New  York  13,  N.  Y. 


1 Patent  No.  s. SO  1,469— After  the  war  any  lnfrlnfesneot  of  this  patent  win  be  proeoouted. 


Draftsmen  Wanted 

Also 

Designers,  Detailers,  Tracers 
and  Engineers 

We  are  an*  of  tt>*  large*!  manufacturer*  of  a wide  variety  of 
communication  and  electronic  equipment  In  th#  world,  fully  pre- 
pared and  ready  to  go  ahead  with  a vary  ambitious,  axpanelon 
program  as  quickly  at  w*  are  permitted.  There  will  be  unlimited 
possibilities  lor  creative,  ambition*  men  to  advance  to  key  posi- 
tions both  in  research  development  and  production  field.  At 
preeont,  we  or*  producing  vital  equipment  lor  oar  fighting  force*. 

Good  Starting  Salaries  — Exceptionally  fin*  working 
conditions 

Apply  Parsaaaal  OfRco  I A.  M.  te  S P.  M. 

FEDERAL  TELEPHONE  & RADIO  CORP. 

Tha  Mfg.  anlt  of  Mw  lafornaHoeal  Tol.  A Tal.  Carp. 

591  Bread  St.,  Nawarfc,  N.  J. 

W M C Rata*  Observed 
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It*.  U.  8.  Pat.  Off. 


re  that  a set  screw  about  one-third 
y could  hare  so  many  fine  charao- 
ia  "Unbrako"  ha*.  The  magnified 
eli -Locker  because  its  knurled  point 
is  firmly  against  all  attempts  o ( 
s it  loos*.  It  can  be  easily  backed- 
:h  and  used  again  and  again. 

, the  combination  of  accuracy,  hard- 
1 (which  characteristics  hare  long 
with  the  "Unbrako"  name)  make  it 
e fields  of  electronics,  radio  and 


■om  #0  to  l’/a"  Is  i 
ill  commercial 
today  for  the  "Uebrake” 
!• 


Knurling  of  Socket 
Screwi  originated  with 
"Unbrako"  yeari  ago. 


OVER  40  YEARS  IN  BUSINESS 


PRESSED  STEEL  CO. 

TOWN,  PENNA.  IOX  594 

etroit  • Indianapolis  • St.  Louis  • Sen  Francisco 


METAL-TO-GLASS  SEALS 

Intricate  glass  work  and  tubes 
made  to  your  specification 

The  Universal  X-Ray  plant  specializes  in  the  pro- 
duction of  metal-to-glasa  seals.  Intricate  glass  seals 
are  made  to  customers*  specifications  for  electronic 
tubes,  transformers,  resistors,  capacitors,  condens- 
ers, vibrators,  switches,  relays,  instruments,  gauges, 
meters,  receivers,  transmitters,  and  other  scien- 
tific apparatus. 

A strong  metal -to- glass  bond  assures  unfailing 
protection  against  rust,  corrosion,  and  extreme 
climatic  conditions  in  a vacuum -tight  seal.  Good 
deliveries  can  be  made  on  volume  orders.  Submit 
your  metal-to-glass  seal  problems  to  the  Universal 
engineers  for  recommendations  and  estimates. 


UNIVERSAL  X-RAY  PRODUCTS  INC 

'•00- A H.  FRANCISCO  AVINUI  . CHICAGO  47,  IUINON 


ters  on  impedance  functions  which 
consider  design  of  impedance  func- 
tions to  provide  predetermined 
characteristics,  and  physical  repre- 
sentation  of  driving  point  and 
transfer  impedance  functions. 

With  this  background,  the  author 
discusses  the  problems  bearing  di- 
rectly on  feedback  amplifier  design. 
The  interdependence  of  real  and 
imaginary  components  of  network 
functions  indicates  the  extent  to 
which  gain  and  phase-shift  in  the 
amplifier  are  related.  The  previ- 
ously developed  circuit  theorems  an 
applied  to  input  and  output  and  to 
interstage  networks  to  determine 
their  effects  on  attenuation  and 
phase-shift.  Circuit  response  is 
indicated  by  generalized  response 
curves. 

As  stated  before,  the  final  chap- 
ters are  concerned  with  design  of 
feedback  amplifiers  based  on  the 
foregoing  considerations  and  tech- 
niques. Such  considerations  as  the 
effect  of  amplifier  bandwidth  en 
maximum  permissible  feedback  are 
analysed.  Application  of  feedback 
to  an  f-m  receiver,  a radio  trans- 
mitter, and  to  a broad-band  ampli- 
fier illustrate  the  use  of  the  fore- 
going development. — f.b. 

• • • 

Atomic  Energy  for 
Military  Applications 

By  Henry  DeWolf.Smyth,  Chair- 
man, Department  of  Phytic s,  Pr»re- 
ton  Univereity,  and  Consultant,  Meat 
hattan  District,  U.  S.  Engineers.  Pub- 
lished  by  the  Princeton  Untvtrtwy 
Press,  Princeton,  N.  J.,  1916. 
pages,  paper  bound  91.25,  cloth  bouts 
$2.00. 

The  official  report  on  develop- 
ment of  the  atomic  bomb  with  a few 
additions  and  clarifications,  with 
the  War  Department  release  on  the 
New  Mexico  test  of  July  1966  and 
an  index  have  been  printed  as  > 
public  service  by  Princeton  Uni- 
versity. 

The  report  is  written  to  the  en- 
gineer and  executive  who  have  » 
general  understanding  of  physic* 
and  technology.  Beginning  with  the 
knowledge  of  atomic  phys® 
reached  in  1940,  the  report  dis- 
cusses organizational  and  technical 
steps  taken  in  initiating  and  execut 
ing  the  Manhattan  Project,  aw 
credits  the  men  associated  wi 
management  and  research  in  e 
development  of  atomic  P05Ff’r 
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Fabricating  Electronic  equipment  chassis  is  one 
of  hundreds  of  jobs  done  fast  ond  economically 
w ith  EASYFLO. 


Regardless  of  the  nature  of  your  metal 
ioining— whether  it  be  the  making  of  a 
few  joints  or  a hundred  thousand— wheth- 
er it's  the  joining  of  ferrous,  non-ferrous 
or  dissimilar  metals  — whether  the  joints 
are  structural  or  current-carrying— it  will 
pay  you  to  find  out  why  and  haw  SIL-FOS 
and  EASY-FLO  will  give  you  better  joints 
at  surprisingly  low  cost. 

MILUTIN  12- A GIVES  YOU  THE  ANSWER 

It's  full  of  usoful  rnwtal  join- 
ing information.  Writ*  for  O 

copy  today. 


HANDY  & HARMAN 
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Die  cut  metal  stampings  in  limited  quantities  can  be  produced  to 
your  special  requirements  at  15%  to  20%  of  the  cost  of  permanent 
type  tools.  No  matter  how  small  your  quantity  requirements  or  How 
intricate  your  work,  we  can  show  you  a definite  saving.  During  our 
twenty-three  years  of  specialised  experience  in  this  service,  there  has 
been  no  other  method  of  producing  metal  stampings  in  small  lots  that 
can  equal  the  process  originated  by  Dayton  Rogers. 

Our  new,  illustrated  booklet  #176-17  wiR  give  you  full  particulars. 


DAYTON  ROGERS  MFG.  CO. 


213  S 12*  Aval 


, 56 

ope  „o  ” 


ELECTRONICS  — NonmUr  1f4S 


Digitized  by ' 


MODEL  62 

VACUUM  TUBE  VOLTMETER 


SPECIFICATIONS: 
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INDICATION:  Linear  for  d.  c.  and  calibrated  to  indicate  r.m.s.  values  of  a sine- 
wave  or  71%  of  the  peak  value  of  a complex  wave  on  a.  c. 

POWER  SUPPLY:  115  volts,  40-60  cycles— no  batteries. 

DIMENSIONS:  4%"  wide,  6"  high,  and  8Va"  deep.  WEIGHT:  Approximately  6 lbs. 
PRICE:  $135.00  f.o.b.  Boonton,  N.  J.  Immediate  Delivery 
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sources.  A chapter  is  devoted  to 
electromagnetic  separation  of  uran- 
ium isotopes.  The  text  is  illustrated 
by  line  drawings  and  an  insert  ot 
photographs  of  the  Oak  Ridge  and 
Hanford  Engineering  Works  and 
of  the  test  explosion  in  New  Mex- 
ico.—F.R. 

A General  Account  of  the  De- 
velopment Methods  of  Using 
Atomic  Energy  for  Military 
Purposes  Under  the  Auspices 
of  the  United  States  Govern, 
ment,  1940  - 1945 

By  H.  D.  Smyth,  Published  by  t he 
U.  S.  Government  Printing  Office,  and 
for  sale  by  the  Superintendent  of  Doc- 
uments, Washington  25,  D.  C„  182 
pages,  $0.35. 

The  text  of  the  official  report,  as 
written  at  the  request  of  Major 
General  L.  R.  Groves  and  originally 
distributed  in  a limited  edition  to 
official  authorities,  has  been  re- 
printed for  public  distribution. 

• • • 

Business  Executive’s 
Guide 

By  J.  K.  Lassie.  McGraw-Hill  Book 
Co.,  New  York  IS,  N.  Y.,  tit  pages, 
ts.oo. 

A check  list  governing  all  phases 
of  typical  transactions  in  small  and 
medium-size  business  ventures.  A 
thorough  compilation,  it  reaches 
down  to  the  level  of  what  to  do  in 
budgeting,  filing,  buying  supplies, 
printing,  collecting  accounts,  build- 
ing an  efficient  organization,  creat- 
ing customer  good  will  and  good 
employee  relations,  dealing  with 
banks,  buying  and  selling  busi- 
nesses, avoiding  frauds  and  em- 
bezzlements, controlling  salesmen’s 
expenses,  securing  credit  informa- 
tion, checking  business  insurance, 
planning  office  layouts,  and  cutting 
down  office  expenses.  The  author  is 
well  known  for  his  book,  “Your 
Income  Tax.”— J.M. 

• • • 

Practical  Supervision 

By  Palmer 
Educational 
L.  Martin  C> 

Co.  New  Yo 

ts.oo. 

Detailed  instructions  on  how  the 
industrial  supervisor  can  get  th® 
most  out  of  those  under  him,  en 
a special  chapter  on  how  to  cope 
with  women  in  industry  and  main- 
tain maximum  production.  The 
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A master  compilation  of  over  20.000  titles  of  text* 
and  articles  selected  for  their  value  to  the  research  en- 
gineer, this  INDEX  covers  the  years  1925-1945  and 
enables  you  to  survey  twenty  years  of  research  literature 
on  any  subject  in  a matter  of  minutes! 

Vitally  Needed  m Every  Laboratory  and  Library 
COMPLETE  IN  ONE  VOLUME 


PART  I 
January  1925  to 
Docombor  1934 


PART  II 
January  1935  to 
Jin*  1945 


PARTIAL  LIST  OF  PERIODICALS 
Bell  Laboratories  Record 
Bell  System  Technical 
Journal 

Communications 
Electrical  Communication 
Electronics 

Electronic  Engineering 
Electronic  Industries 


INDEXED : 

Journal  of  I.E.E. 

General  Electric  Review 
Physical  Review 
Proceedings  I.R.E. 
Transactions  of  A.I.E.E. 
Radio  News 
R.C.A.  Review 
Wireless  Engineer 
Wireless  World 


A $300  Reference  Library  in  One  Volume  for  $17.30 

Descriptive  circular  on  request. 

ELECTRONICS  RESEARCH  PUBLISHING  COMPANY 

231  Edit  44th  Street  • N«w  York  17,  N.  Y. 


JLET  OUR  TWENTY-ONE  YEARS 
OF  EXPERIENCE  GUIDE  YOU 

ELECTRICAL  INSULATION  CO.,  INC. 

12  VESTRY  ST.,  NEW  YORK  13,  N.  Y. 


basis  for  this  book  is  a series  of 
supervisory  training  bulletins,  and 
the  many  effective  cartoons  from 
these  are  included  in  the  book. 
Highly  recommended  for  all  en- 
gineers hoping  to  advance  into 
responsible  executive  positions, 
whether  in  the  office,  shop,  or  draft- 
ing room.  The  human-interest  ap- 
proach and  the  humorous  but 
pointed  illustrative  treatment  make 
interesting  at-home  reading— a 
painless  way  to  study  the  principles 
of  good  supervision. — j.m. 

• • • 

Training  for  Supervision 
in  Industry 

By  George  H.  Fern,  Director,  Mich- 
igan State  Board  of  Control  for  Voca- 
tional Education.  McGraw-Hill  Bock 
Co.,  New  York,  IS,  N.  Y.,  1SI  papal, 
ti.OO. 

A TEXTBOOK  MANUAL  aimed  at  guid- 
- ing  the  supervisor  in  his  own  self- 
improvement  and  upgrading,  help- 
ing the  prospective  supervisor,  and 
helping  conference  leaders  to  get 
results.  Human  relations  receive 
major  attention  because  to  many 
workers  the  supervisor  is  the  com- 
pany and  by  his  actions  the  com- 
pany is  judged.  Other  topics  cov- 
ered include  accident  prevention, 
women  in  industry,  starting  the 
new  worker,  and  job  analysis.— 
J.H. 

• • • 

How  to  Train 
Your  Assistants 

By  Richabd  W.  Wethbull.  Noticed 
Foremen’s  Institute,  Deep  Rwor, 
River,  Conn.,  IS  pages,  fOM. 

Illustrated  booklet  presenting  1 
five-step  formula  for  allowing  over- 
burdened foremen  and  supervisors 
to  do  more  work  with  less  effort  by 
training  assistants  to  solve  their 
own  problems  where  possible.  The 
formula  is  the  result  of  fifteen 
years  experience  in  training  m® 
and  women,  and  gets  practical  re- 
sults in  nearly  all  cases. — J-M- 

• • • 

What  the  Foreman  Needs 
for  Success 

National  Foremen’s  Inetitute,  Deep 
River,  Conn.,  IS  pages,  (OSS. 

Cartoon-illubtkated  booklet  con- 
trasting an  army  sergeant’s  re- 
sponsibility to  his  men  with  the 
factory  foreman’s  similar  responsi- 
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Engineers,  Designers  and  Manufacturers 
PRECISION  OPTICS,  ELECTRONIC  AND  SCIENTIFIC  INSTRUMENTS. 
BRONX  BLVD.  AND  EAST  238 TH  STREET,  NEW  YORK  66,  N.  Y. 


The  Farrand  Optical  Co.  plant  is  recognized  as  one  of  the  finest 
equipped  modern  optical  and  precision  instrument  factories  in  the 
world,  and  is  staffed  by  a group  of  outstanding  technical  and  scien- 
tific personnel. 

Technical  Facilities— Engineering ; consulting;  design;  research; 
development  and  manufacture  of  PRECISION  OPTICS,  ELEC- 
TRONIC AND  SCIENTIFIC  INSTRUMENTS. 

Manufacturers  of— Precision  Optical  Components  for  television,  pho- 
tographic, electronic  and  scientific  instruments — Projection  Screens 
for  television,  motion  picture  and  visual  education — Special  Cameras 
—Television  Projection  Lenses— Periscopes— Telescopes— Telepho- 
toscopee— Rangefinders— Gun  Fire  Control  Apparatus— Shop  and 
Toolmakers  Microscopes— Optical  Comparators— quartz  Monochrom- 
ators— Spectrometers — Spectrographs — Spectrophotometers  — Fluor- 
ometers — Electron  Microscopes — Electron  Recording  Devices  and 
Amplifiers. 


Hand-wound  coils,  of  any  material 
or  construction,  delivered  promptly. 
Thousands — small  runs — or  experi- 
mental. Best  material — good  work- 
manship. Send  prints  or  specifica- 
tions for  quotation.  State  delivery 
requirements. 


BITTERMANN  ELECTRIC  CO, 

50  Honry  St.  Brooklyn.  N.  Y 

TRiangle  5-4747 

"If  It's  a COIL— We’ll  Make  It” 


bility  to  provide  leadership  that 
will  hold  up  the  spirit  and  morale 
of  his  men.  Three  main  steps  in 
learning  to  handle  various  person- 
alities are  outlined:  (1)  Adjust 
your  own  personality;  (2)  Know 
your  workers;  (3)  Lead  properly. 
A good  refresher  for  supervisors. 
— J.M. 

• • • 

Transmission  Lines, 
Antennas  and  Wave  Guides 

By  Ronald  W.  P.  King,  Harry  Rowe 
Mimno,  and  Alexandhi  H.  Wing, 
all  of  Harvard  University.  McGraw- 
Hill  Book  Co.,  Inc.,  1946,  347  pages, 
*3.50. 

From  experience  in  training  com- 
missioned officers  in  new  uhf  appli- 
cations of  electronics,  the  Cruft 
Laboratory  faculty  has  prepared 
this  descriptive  text.  The  treatment 
employs  a minimum  of  mathe- 
matics, chiefly  trigonometry  and 
complex  algebra.  For  the  most 
part  the  discussion  concerns  the 
physical  behavior  and  practical 
uses  of  representative  uhf  circuits. 
Information  and  concepts  are  sum- 
marized in  graphs  and  line  draw- 
ings. At  the  end  of  the  book  there 
are  problems  with  answers. 

Among  specific  topics  on  trans- 
mission lines  likely  to  be  of  especial 
interest  are:  means  of  suppressing 
even  harmonics  and  suppressing 
the  third  harmonic;  impedance 
matching  by  quarter-  and  half- 
wave sections  and  by  either  single 
or  double  stubbing;  construction 
and  use  of  a circle  diagram  for  cal- 
culating stub  lengths  and  positions. 

Distribution  of  current  and  volt- 
age on  antennas  is  explained,  with 
illustrations  for  a variety  of  an- 
tenna elements.  Methods  of  feeding 
the  different  types  of  elements  are 
described,  with  the  purpose  of  each. 
Phasing  and  coupling  of  parasitic- 
ally  excited  arrays  are  shown.  The 
section  concludes  with  determina- 
tions of  the  fields  of  antenna  ar- 
rays, and  mention  of  the  familiar 
antenna  systems. 

In  the  chapter  on  wave  guides  the 
behavior  of  guides  and  the  modes 
in  which  they  can  operate  are  an- 
alysed descriptively.  From  the  un- 
derstanding so  acquired,  methods  of 
driving  guides  and  the  configura- 
tions of  cavities  are  developed. 

The  last  chapter  on  wave  propa- 
gation describes  briefly  the  princi- 
pal factors  affecting  wave  propa- 
gation.—F.R. 
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The  design  of  a beacon  array  necessary  to  produce  a pre- 
determined pattern  involves  many  factors  not  easily  recon- 
ciled to  each  other.  The  exacting  techniques  developed  at 
the  Workshop  during  the  war  for  readily  controlling  these 
factors  makes  it  possible  for  us  to  meet  the  most  rigid  speci- 
fications. Manufacturers  who  require  beacon  arrays,  or  any 
other  type  of  antenna  to  operate  in  the  high  frequency  spec- 
trum from  30  me  up— will  find  our  exceptional  measurement 
and  test  facilities  well-adapted  to  a quick  solution  of  their 
problems.  Just  write,  or  phone  the  details. 

Tho  WORKSHOP  ASSOCIATES 
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the  Royal  Navy  in  Britain  produc- 
ing radar  equipment  for  the  fleet, 
and  have  just  recently  returned. 

Electronics  magazine,  as  you 
only  too  well  must  know,  is  very 
much  in  demand  overseas  especially 
in  such  establishments  as  this.  We 
could  manage  to  get  just  one  copy 
per  month  and  to  circulate  it  ade- 
quately some  three  to  four  hun- 
dred of  us  put  our  names  on  the 
circulation  list. 

I can  tell  'you  the  poor  thing 
looked  like  just  a pile  of  reference 
sheets  by  the  time  it  got  around; 
needless  to  say  it  was  in  circulation 
for  a good  eight  months  before  we 
had  all  seen  it  The  only  way  we 
could  get  any  permanent  informa- 
tion from  it  was  to  have  photostat 
copies  made  of  each  useful  and  rele- 
vant article ; those  copies  were  cer- 
tainly very  much  in  demand.  Will 
the  day  come  when  Electronics  is 
easily  available! 

Being  the  only  American  on  the 
staff,  I was  continuously  being 
asked  to  interpret  words,  terms, 
and  advertisements.  I found  the 
experience  very  interesting. 

Robert  L.  Worn 

WicMIe,  i«« 

[The  day  has  come;  Eiacironics 
is  back  on  a normal  circulation 
basis. — Ed.] 
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GRID  PROJECTION 


The  813  transmitting  tube  has  two  utM> 
which  must  be  perfectly  aligned-  A 
North  American  Philips,  Ughl  1*  P» 
laded  on  the  tube  mount  and 
focussed  on  a ground-glass  pldo. 
20-to-l  enlargement  produced  « 

whether  or  not  one  grid  Is  ssactlT 
behind  the  other 
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WHAT  ONE  USER  SAYS... 

. . . “the  ease  with  which  they  can  be 
driven  to  full  output,  the  simplifica- 
tion of  cooling  arrangements,  the 
relative  immunity  to  heavy  over- 
loads, and  the  moderate  plate  vol- 
tages required  result  in  a combi- 
nation not  easily  surpassed." 


AMPEREX  INTERCHANGEABILITY 

Amperex  tubes  will  fit  into  all  types  of  transmitters 
for  which  they  are  intended,  and  may  he  inter- 
changed or  used  to  replace  tubes  of  other  manufac- 
ture without  need  for  circuit  readjustment  and 
without  impairment  of  transmitter  performance. 


SPECIALLY  PROCESSED  GRAPHITE  ANODES . . 

...  in  manv  of  our  exclusive  designs  make  for  more  uniform 
temperature  distribution,  absence  of  change  in  characteristics  with 
time,  and  a higher  initial  vacuum  which  keeps  tubes  harder  and 
assures  longer  life. 


nmPEREX 


...THE  HIGH  PERFORMANCE  TUBE 

Many  standard  types  of  Amperex  tubes  are  now  avail- 
able through  leading  radio  equipment  distributors.  The 
Amperex  Special  Application  Engineering  Department 
will  gladly  work  with  you  on  the  solution  to  your 
pressing  problems. 


A m per  ex  Tyfie  7.H-120  Tracts- 
ini l tiny  Tube.  Filament  voll- 
aye,  10-10.5  tolls  .1C.  or  D(-. 
Filament  lurrenl,  2 amperes. 
A mplification  jailor,  911.  Grid- 
to -Plate  Transconductancc  at 
120  ma.,  5000  micromhos.  Direct 
! nter electrode  Pa pacitances: 
arid -to- plate.  5.2  nut ; grid-to- 
filament,  5.2  anf ; plate-to- 
filament,  2.2  tinf. 


Am  fit  rex  Tyfie  IIF-2000  Trans- 
mitting tube.  Filament  voltage, 
21  to  22.  Filament  current,  40.5 
amperes.  Filament  emission,  f> 
amperes.  Amplification  faiior, 
16.  Grid-to-Plate  Trantcondut- 
tance  of  plate  lurrenl  of  I am- 
pere, 6500  micro  mhos.  Direct 
I nterelectrode  Capacitances: 
gi  id-to- plate,  10  gtij  ; grid-to • 
filament.  12  tmf ; platc-to- fila- 
ment, 4 p/sf. 


Am  fit  rex  Type  S91-R  Trans- 
mitting Tube.  Filament,  tmo- 
unit  type  for  single-phase  or 
Itco-phase  AC  or  DC  operation 
— voltage  per  unit,  11;  current 
per  unit,  60  amperes;  amplifi- 
cation factor,  8.  Grid-to-Plate 
Transeonductaner  at  a plate 
current  of  0.75  ampere,  4000 
mn romhoj.  Direct  I nlerlectrode 
Capacitances:  gnd-to-plate,  20 
auf ; grid-to- filament,  16  guf ; 
plate-to- filament,  2 Hfif- 
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RESONANT  TRANSFORMERS 

This  high  voltage  application  involved  a min* 
imum  size  requirement.  For  maximum  com* 
pactness,  tho  Anal  transformer  produced  has 
a turns  ratio  of  115/5,800,  but  a voltage 
ratio  duo  to  resonance  of  115/10,000  V. 


VARIARIE  AC  SATURATED  INDUCTOR 

This  inductor  is  part  of  a voltage  sensitive 
non-linear  network.  By  adustment  of  the  in- 
ductor with  a specific  capacitor,  peak  non- 
linearity can  be  adjusted  over  a substantial 
range  in  voltage. 


CONDENSER -PULSE  WELDING 
TRANSFORMER 

This  transformer  is  designed  for  a small  pre- 
cise spot  welding  set.  For  this  type  of  appli- 
cation, design  factors  include  High  Q and 
maximum  surge  power  transfer.  The  trans- 
former shown  is  the  equivalent  of  100  VA 
in  size,  but  handles  1,000  VA  pulses. 


SPECIAL  CONTROL  TRANSFORMER 

In  this  odd  application,  the  requirements 
were  that  the  primary  current  go  down  with 
increase  in  load  current.  In  actual  practice, 
when  normal  load  is  placed  on  the  secondary, 
the  primary  current  drops  50%. 


hr 


The  UTC  application  engineering  section  it  available  for  your  problem. 
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CROSS 

TALK 

► HEAT  . . . Electronic  heating  gets  up  into  the  high 
power  regions  where  a potential  user  of  the  equipment 
naturally  wants  to  know  how  much  juice  he  must  put 
in  and  pay  for.  His  curiosity  concerning  how  much  he 

I is  going  to  get  out  is  also  natural. 

In  the  case  of  motor-generator  equipment,  the  horse- 
power rating  of  the  driving  motor  and  the  kw  output 
of  a high-frequency  generator  are  established  by  well- 
recognized  and  standardized  testing  procedure.  In  the 
case  of  the  spark-gap  or  vacuum-tube  oscillator,  how- 
ever, the  kw  output  available  for  heating  is  not  as 
readily  measurable  by  the  usual  electrical  means. 

This  may  account  for  some  of  the  efficiency  figures 
we  see  quoted  by  manufacturers  of  spark-gap  and  tube 
I heating  equipment;  certainly  the  situation  calls  for 
some  quick  standardization  by  the  several  bodies  inter- 
ested in  such  matters. 

Speaking  of  tube-type  machines,  the  plate  efficiency 
of  an  oscillator  will  seldom  exceed  65  percent  and  when 
one  takes  into  account  the  tank  losses,  transformer 
losses,  filament  losses  and  other  wastages  of  power,  the 
overall  ratio  between  output  and  input  cannot  be 
' greater  than  one-half  and  is  quite  likely  to  be  below. 
Standard  methods  of  measuring  electronic  heating 
efficiency  and  of  rating  this  important  quantity  are 
urgently  needed. 

►BOMB  . . . One  of  our  imaginative  broadcast  sta- 
tions phoned  the  atomic  bomb  people  a day  or  so  after 
the  New  Mexico  trial  explosion  to  request  the  Army 
to  shoot  off  another  bomb  so  that  a sound-effects  record 
could  be  made. 

And  incidentally,  there  were  only  two  violations  of 


end  by  a national  magazine  of  news  comment. 


► MORE  TALK  . . . Most  present  criticism  of  broad- 
cast programs  is  on  two  points,  advertising  blurbs,  and 
serials.  Now  this  is  jyst  a hunch,  but  maybe  this  criti- 
cism is  really  against  the  great  amount  of  talk  on  the 
air.  Maybe  people  really  want  more  music.  Any  casual 
turning  on  of  the  radio  at  practically  any  station  at 
any  time  of  the  day  will  produce  talk.  If  the  listener 
wants  music  he  must  know  when  to  get  it,  and,  of 
course,  even  when  he  gets  his  music  he  must  put  up 
with  a great  deal  of  talk. 

CBS  has  made  a study  of  the  serial  situation  to  find 
out  who  listens  to  them,  who  likes  them,  and  how 
much.  Taking  a typical  Wednesday  in  Dubuque,  CBS 
charted  the  situation  from  eight  in  the  morning  to  six 
in  the  evening.  In  this  day  there  were  40  quarter- 
hour  periods  and  on  this  particular  day  listeners  in 
Dubuque  could  tune  to  an  average  of  about  eight  or 
nine  stations  at  any  particular  moment.  There  were 
actually  347  individual  programs  during  that  time, 
98  of  them  being  music. 

The  listener  who  merely  snapped  on  the  radio  had 
only  a 27  percent  chance  of  finding  music  and  casually 
turning  on  the  radio  would  result  in  a 73  percent 
chance  of  getting  into  the  midst  of  a talk  program. 
Considering  that  there  was  an  average  of  8 or  9 sta- 
tions operating  at  any  one  time,  the  listener  who 
wanted  music  would  have  to  do  a lot  of  hunting.  After 
he  had  pushed  several  buttons  or  had  dialed  to  several 
stations  and  found  talk,  he  would  probably  turn  the 
radio  off  and  forget  about  it. 

So  far  as  serials  are  concerned,  there  were  51,  and 
if  you  were  serious  you  could  listen  to  serials  solid 
from  nine  to  five  except  for  a 15-minute  period  after 
lunch.  During  the  rest  of  the  time  there  were  one, 
two  or  even  three  going  on  at  once. 

P.S.  CBS’s  survey  indicates  that  people  like  serials. 
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ITIHE  Allies  faced  a serious  milli- 

0f  1 942 v ts: in  the  spring 

American  harbors  by"  * 
were  considered  possible.  At  that 
ime,  no  radar  existed  which  could 
-™d  ,r“k 

So  th  pSt’  * rnaneuverable  craft. 

the  20th  Tv  ArtiUery  E°ard  on 

isHcff  T Set  Up  cbaracter- 
istics  for  a radar  which  could  sup- 
ply position  data  on  PT  boats  to  a 

terfesCOrnPUter  f°r  SCaCOast  gun  bat' 
Meanwhile,  the  National  Defense 
Research  Committee,  with  funds 
supplied  by  the  Office  of  Scientific 
Resea^d  H Bfcrelopment,  had  be- 
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gUn  to  study  the  problem  of  supply- 
ing fire-control  data  to  major-cali- 
ber guns  at  the  Radiation  Labora- 
tory at  M.I.T.  When,  therefore,  in 
August  J942,  the  Signal  Corps  sub- 
mitted the  an ti -motor-torped o-boat 
Project  to  NDRC  for  development, 
progress  already  had  been  made, 
be  Radiation  Laboratory  proto- 


type set  was  assembled  ini  ; 
form  and  de-bugged  bv  1 
of  November,  1943  'yjl-r# 

days  operation  at  a statiX* 

ton  harbor,  the  set  was  tr  J ” 
to  a Coast  Artillery  test  sitJ 
Story,  Virginia. 

A few  months  before  coi 
of  the  prototype  model,  thd 
Corps  became  interested  iJ 
for  use  with  their  seacoastl  III 
This  led  to  a revised  mifl 
the  AN/MPG-1,  which  is  hJ 
a trailer  van  made  water-1 
to  the  roof. 

Mcri 

General  Design  ■ 

Hdiiie 

When  in  use,  the  AN,  Mis  if 
set  up  as  shown  in  Fig. 
ing  the  harbor  or  coast™  ay 
meant  to  defend.  Capabieifcji  0 
placed  in  operating  conditioA,® 
hours  after  selection  of  a siiiti 
radar  can  begin  its  tadiaLati 
tions  by  the  time  the  gun  ft,  m 
is  installed.  Present-positiAhm 
on  any  designated  target  ar«tme 
mitted  to  the  battery  commas  rft 
where  the  information  Art; 
directly  into  a computer  whieAg mj 
plies  firing  data  to  guns,  or  if  - rjj 
to  furnish  data  for  a piAjj, 
board  course  of  the  target  |z  14 
which  its  future  position  &-,( . 
dieted. 

The  technical  characteristifi  lr 
the  AN/MPG-1  are  given  inT«rjjj 
Because  of  the  narrow  M 
width,  dipole  (window)  jana 
of  the  set  is  not  readily  acr1-* 
plished.  The  resolution  is  J r; 
that  at  20,000  yards  two  < 
separated  by  300  yards  of; 
water  are  seen  as  separate  9 
on  the  tracking  scope.  Th® 
resolution  enables  skilled  op< 
to  track  targets  readily  th 
heavy  concentrations 
buoys,  islands  and  floating  wl 
age,  with  minimum  dang^ 
tracking  the  wrong  target. 

The  high  accuracy  of 
caliber  seacoast  weapons  d« 
certain  features  of  design- 
resolution  and  extreme  an* 
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ar  MPG-1 


-'  description  of  microwave  radar  operating  on  3 cm  with  sufficient  speed  and  acca 
' .'  enable  coast  artillery  to  hit  maneuvering  PT  boats.  Control  of  harbor  traffic  in 
me  is  suggested  by  the  design.  Further  details  will  follow  in  subsequent  articles 
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Radio  Division,  Ben  dir  Aviation  Cor/'.,  Toxcson,  31  d. 


juired  in  both  range  and 
Resolution  requirements 
small  angular  divergence 
earn.  The  antenna  system 
torizontal  direction  had  to 
■ in  terms  of  wavelengths, 
t,  angular  position  had  to 
jtrolled  very  accurately, 
he  moment  of  inertia  of 
bodies  increases  as  the  fifth 
if  the  size,  it  was  not  prac- 
inerease  too  much  the  size 
antenna  assembly  carried 
izimuth  drive  system.  Very 
problems  were  presented  by 
luirements  of  the  servo  sys- 
hich  controls  antenna  posi- 
ffracking  had  to  be  smooth 
curate  to  within  0.01  deg  at 
!g  speeds  of  less  than  0.01 
more  than  1 deg  per  second, 
kas  decided  to  employ  an 
ical  method  of  antenna  scan 
! than  to  try  to  oscillate  a 
mass  physically.  The  scan 


FIG.  2 — De'in't  on  of  range  and  azimuth 

had  to  be  frequency-insensitive  to 
assure  accurate  pointing  of  the 
beam,  regardless  of  variations  in 
characteristics  of  different  trans- 
mitter tubes.  A stigmatic  optical 
system  without  spherical  aberra- 


tion had  to  be  built  having  wide 
field,  high  speed,  compactness  and 
freedom  from  coma.  It  was  neces- 
sary also  to  develop  a modulator 
capable  of  being  very  accurately 
triggered  and  delivering  a 0.25- 
microsecond  pulse  to  the  magne- 
tron, with  accurate  control  of  the 
pulse  rise  and  decay  time.  To 
achieve  maximum  range  resolution 
permitted  by  the  pulse  length,  a 
broadban  l i-f  strip  (approximately 
10  me  bandwidth)  and  video  cir- 
cuits had  to*  be  developed  for  the 
receiver. 

Some  of  the  men  responsible  for 
the  development  and  production  of 
the  AN/MPG-1  are  listed  in  a foot- 
note *. 


Design  Details 

Essentially,  the  direction,  or  azi- 
muth, of  a target  is  specified  by 
the  direction  of  the  beam  when  it 
illuminates  the  target.  Azimuth 


FIG.  3 — PPI  view  of  Pearl  Harbor,  80,000-yard  sweep 
with  10.000-yard  electronic  range  markers 


FIG.  4 — PPI  view  of  Pearl  Harbor,  30.000-yard  sweep 
with  movable  electronic  range  marker 


fl®-  57  B'BCOPe  presentation  of  eleven 
LC,‘  *hown  intercepted  by  the  range 
marker  in  Fig  4 at  12.900  yard,  and 
329  degrees.  Resolution  makes  it  pos- 
,1*  distinguish  ships  separated  by 
less  than  300  yards  of  open  water 

and  range  are  defined  in  Fig.  2. 

Pulse  transit  time  is  measured 
by  means  of  cathode-ray  oscillo- 
scopes. The  oscilloscope  range 
sweep  is  synchronized  with  a pulsed 
transmitter.  At  the  moment  an 
r-f  pulse  leaves  the  antenna,  a 
linear  deflecting  voltage  is  applied 
to  the  oscilloscope  electron  beam 
At  the  end  of  the  desired  time 
interval  the  deflecting  voltage  sud- 
denly falls  to  zero,  allowing  the 
electron  beam  to  fly  back  to  its 
origina1  position  where  it  remains 
until  the  transmitter  is  pulsed 
again,  whereupon  the  cycle  is  re- 

?!*ted\  /ince  the  sweep  trace  ^ 

fneeH  ed  at  3 constant>  known 
speed,  any  segment  of  this  trace  is 

a linear  measure  of  time.  After 
a pulse  has  been  emitted  and  the 
sweep  has  begun,  an  echo  may  be 
received  by  the  antenna.  The  echo 

anT  * s Modulated,  amplified 
and  applied  to  the  indicator. 

Surveillance 
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indicator  (PPI)  on  which  two 
alternative  maximum  ranges,  80,- 
000  and  30,000  yards,  may  be 
selected  by  the  operator  with  the 
results  shown  in  Fig.  3 and  4. 

The  PPI  presentation  is  a polar 
map  extending  to  the  edge  of  the 
oscilloscope  screen  and  displaying 
signals  from  all  unshadowed  re- 
flecting objects  at  any  horizontal 
distance  from  the  antenna  up  to  the 
maximum  range  of  the  set.  The 
center  of  the  map  corresponds  to 
the  antenna  location.  Starting 
from  the  center  of  the  screen  in 
synchronism  with  the  emitted 
pulse,  the  range  sweep  proceeds  to 
the  edge  of  the  screen  in  the  same 
relative  direction  as  that  taken  by 
the  pulse  in  free  space.  Rotation 
of  the  sweep  is  effected  by  means 
of  a servo  which  causes  the  PPI 
deflection  yoke  to  follow  the  move- 
ment of  the  antenna.  To  facilitate 
the  taking  of  azimuth  readings,  a 
rotatable  scale  with  an  engraved 
line  is  provided  over  the  scope  face. 
When  the  engraved  line  is  placed 
over  a signal,  the  target  azimuth  is 
indicated  on  the  scale.  Target 
range  is  determined  by  the  distance 
of  the  target  signal  from  the  cen- 
ter of  the  scope. 

Eight  fixed  10,000-yard  elec- 
tronic markers  are  provided  on  the 
80,000-yard  range.  On  the  30,000- 
yard  range,  instead  of  fixed  mark- 
ers a single  electronic,  movable 
range-marker  is  provided.  This 
makes  closer  range  estimates  pos- 
sible, for  if  the  movable  marker 


is  cranked  out  to  the  tar» 

the  approximate  range  i 

“ted  on  a dial  The’ 
marker  may  be  used 
target  to  be  tracked] 
scope.  If  the 

taiui 
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PULSE  REPETITION 
FREQ. 
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1 M MC 
500  yerd) 
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3%  of  Ml. 
ring* 
3dcv«es 


marker  is  brought  into  coi 
with  a target  signal  i 
antenna  is  positioned  so  I 
target  is  in  the  line  of  sj_ 
target  will  appear  near  the 
of  the  tracking  scope  wht 
scope  is  switched  on. 
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7 contained  herein. 


FIG.  B— A nearly  distortionless  map  of 
,tn’el  ««•«  I*  obtained  by  means  of 
“tamth  expansion.  Modified  type-B 
Presentation  causes  targets  of  like  size 
an  aspect  to  appear  approximately 
e same  on  the  oscilloscope  screen  re- 
■imtt„3S3  of  their  distance  from  the 
radar 


Track)*) 

An  area  2,000  yards  in 
by  10  deg  in  width  is  repff 
on  the  7-inch  tracking 
shown  in  Fig.  5.  The  cen^. 
this  area  corresponds  to  the  _ 
section  of  the  antenna  line  ofj 
with  a circular  arc,  the  radh 
which  is  equal  to  the  range 
sented  by  the  PPI  movable 
marker.  Type-B  presen 
employed  (rectangular  cooj 
with  range  as  ordinate  and 
as  abscissa.  The  range 
starts  near  the  bottom 
screen,  the  azimuth  sweep 
left  of  center.  Range  and 
electronically  - generated 
marks  intersect  in  the  cen 
screen.  The  tracking 
consists  of 
signal  until  its 
tered  at  the 
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a?  the  operators  maintain 
j-et  signal  in  this  position, 

> present-position  data  may 
I from  range  and  azimuth 
nd  transmitted  electrically 
telephone  to  a gun  data 
er  over  a standard  base-end 
ission  system.  Range  and 
h-aided  tracking  machines 
ewing  and  tracking  controls 
divided  to  permit  smooth  and 
te  tracking. 

nal  or  expanded  Type-B 
tation  may  be  selected  by 
erators.  In  the  normal  dis- 
ke  range  scale  factor  (in  the 
1 direction)  is  constant  at 
trds  per  inch,  and  the  hori- 
linear  distance  (on  the  tube 
representing  10  deg  in  azi- 
ts  held  constant  regardless  of 
With  the  expanded  Type-B 
-itation,  however,  the  scale 
in  the  horizontal  direction 

d constant  at  400  yards  per 

resulting  in  an  azimuth 
itation  which  expands  in 
. proportion  to  range.  As  a 
;of  azimuth  expansion,  signals 
targets  of  the  same  size  and 
I appear  to  be  approximately 
-fame  size  on  the  oscilloscope 
a regardless  of  the  target  dis- 
ifrom  the  antenna.  With  this 
of  presentation,  a nearly  dis- 
pnless  map  of  the  target  area 
btained  as  shown  in  Fig.  6 

* the  useful  length  of  the  tube 
(is  approximately  5 inches,  only 

0 yards  can  be  shown  in  the 
izontal  direction ; and  for  ranges 
sxeess  of  12,000  yards,  the  full 

. deg  in  azimuth  can  not  be  pre- 
fed. 

a addition  to  the  fiducial  mark- 
\ electronically-generated  azi- 
feb  markers  representing  azi- 
>th  + 1 deg  and  azimuth  — 1 
8,  and  range  markers  represent- 

1 range  + 1.000  yards  and  range 
' WOO  yards,  are  presented  on 

# tube  face.  A separate  Type-B 
itilioscope  without  expanded  dis- 
ky is  located  at  a remote  point 
®d  is  used  in  spotting  fall  of  shot. 

It  is  impossible  to  operate  simul- 
taneously the  PPI  and  B-scope 
from  synchronizing  and  video 
pulses  originated  by  the  AN/MPG-1. 
However,  facilities  are  provided  for 
simultaneously  operating  the 
B-seope  and  the  PPI  if  synchron- 
King  and  video  pulses  and  servo 
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FIG.  7 — Block  diagram  oi  the  complete  AN/MPG-1  radar,  showing  the  nine 
major  systems  involved.  Six  of  these  are  further  broken  down  In  the  succeed- 
ing figures 
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FIG.  S — The  transmitting  system,  shown  as  a single  block  in  Fig,  7 
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data  are  fed  to  the  set  from  a re- 
motely-located, separate-s  u r veil- 

ance  set.  This  makes  it  possible 
for  the  operators  to  accomplish 
pprera!,Sector  surveillance  on  the 

*i.Whie  tracking  sPeci<ic  targets 
on  the  B-scope. 

Component  Systems 

AN/MPrT863  f explanati<^.  the 
AN/MPG-1  is  best  divided  into 

gSem?emS’  at0Wn  in  b,0ck  dia- 

gram  form  m Fig.  7.  Block  dia- 
grams of  the  main  groups  of  cir- 
cuits within  each  system  follow. 
The,  transmitting  system  shown 


in  Fig  8,  triggered  by  a pulse 
from  the  timing  system,  generates 
pulses  of  r-f  energy  which  are  radi- 
ated into  free  space  by  the  r-f 
system  A rectangular  voltage 
pulse  (of  one  microsecond  width 
when  the  PPI  is  used  and 

second  width  when  the  B-scope  is 
used)  is  generated  by  the  modu- 
lator  driver  circuit  and  applied  to 
the  modulator  keyer  circuit.  A 
keying  pulse  (amplitude  approxi- 
mately H kv)  ig  applied  *to  the 
magnetron,  which  oscillates  when 
the  keying  pulse  is  on.  Hi*h 
power,  accurately  timed,  rectangu- 
lar pulses  of  3-centimeter  energy 


■JST. 


: in  'i 

:ri 


' FIG-  11~Th*  ““teg  «y*tem 


are  coupled  to  the  r-f  !vsta| 

waveguide. 

The  r-f  system  radiata  ■ 
pulses  and  feeds  reflected^!  " 
the  receiving  system.^’ 
Properly  adjusted,  a coupU 
matching  device  shown? , 

matches  the  transmitter  ijj 

I the.  output.  The  da 

located  ,n  the  receiver,  cent, 

TR  and  anti-TR  switch  tube, 
Permit  use  of  the  same  anta 
transmission  and  reception.  ' * 
waveguide  feed  arms,  { 
which  r-f  energy  jg  fed  j, 
antenna,  are  provided  in  the 
mg  feed  assembly.  Whent 
is  used,  one  of  the  feed  ai 
mains  fixed  at  the  center 
antenna  throat,  and  energy! 
ated  in  the  direction  of  the* 
axis.  When  the  B-scope  ii 
the  feed  assembly  rotates  at ' 
of  4 rps,  resulting  in  16 
Per  second  of  the  feed  arm 
the  antenna  throat  This 
causes  the  emitted  beam  to 
16  times  per  second  across  a 
sector  centered  on  the  anteon 
The  direction  of  the  antena 
is  variable  from  zero  degn 
360  deg  regardless  of  the  tj 
presentation  used.  The  ai 
assembly  forms  the  r-f  energ 
a narrow  beam  which  is  pro 
horizontally  into  space.  Ba 
energy  is  concentrated  by 
antenna  assembly  and  fed  h 
receiver  through  the  rotating* 
The  receiving  system  show* 
Fig.  10  detects  and  amplifies! 
echo  signals.  A klystron  r 
oscillator,  a signal  mixer  and 
afc  mixer  comprise  a circuit  1 
converts  the  received  signal  I 
i-f  signal  of  30  megacycles.  I 
transmitter  frequency  drifts, 
afc  circuit  changes  the  klys 
repeller  voltage,  thus  changing 
local  oscillator  frequency  hy 
amount  needed  to  maintaii 
30-megacycle  i-f.  The  video  oal 
circuit  detects  and  amplifies 
i-f  signal. 

Pits*  TMag 

The  timing  system  shown  in  F 
11  contains  the  synchronizing  e 
cuits  for  the  entire  radar  set  Ti 
outputs  are  obtained  fro®  ^ 
crystal  oscillator  and  phase-shift 
circuit;  a 163.88-kc  reference  si* 

Dtctmbtr  Wi-B£CT»0M6 
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la  phase-shifted  sinewave 
- ae  frequency.  The  phase 
e between  these  two  sine- 
proportional  to  the  range 
dial  setting.  Pulses  re- 
st a rate  of  163.88-kc  are 
from  the  phase-shifted 
. and  fed  to  the  B — indi- 
^rstem,  where  they  are 
Into  1,000-yard  range  mark- 
lie  time  interval  between 
cessive  163.88-kc  pulses  is 
j the  time  required  by  a 
olse  to  make  a round  trip 
: rget  1,000  yards  from  the 
. The  2,000-yard  B-scope 
ition,  covering  an  area  any- 
!rom  zero  range  to  28,000 
is  made  possible  by  the 
day  circuit  which  provides 
B-scope  range-sweep  trig- 
(he  delay  is  proportional  to 
jge-tracking  output  and  is 
ps  whereby  the  2,000-yard 
area  is  moved  in  range, 
ins  of  this  circuit  the  posi- 
the  movable  marker  on  the 
yard  PPI  also  is  made 
mt  on  the  range  tracking 
Synchronizing  triggers  re- 
fer the  radar  set  are  derived 
be  reference  sinewave. 

PPI  system  shown  in  Fig. 
ased  for  general  sector  sur- 
p and  selection  of  targets 
hacked  on  the  B-scope.  A 
ionizing  trigger  is  applied  to 
reep  circuits  either  from  the 
J system  or  a separate  radar 
Besides  generating  the  sweep 
ft  the  sweep  circuit  provides 
tching  gate  for  a remote  range 
er  circuit  which  is  operative 
*hen  the  radar  receives  PPI 
from  a separate  search  set. 
remote  range  marker  circuit 
aces  10,000-yard  markers  for 
80.000  and  30,000-yard  dis- 
1 However,  the  local  range 
ker  circuit  provides  10,000- 
1 markers  for  the  long-range 
1 and  a movable  marker  for  the 
ft-range  display.  Synchronized 
h he  antenna  through  the  servo 
mit,  the  PPI  deflection  yoke 
'ays  takes  a position  such  that 
j direction  of  the  range  sweep 
Mes  the  direction  of  the 
ntted  pulse. 

^indicating  system  shown 
13  provides  a rectangular 
aP  °f  a 2,000-yard  by  10  deg  sec- 
j^kred  anywhere  within  the 
***«  range  of  the  set.  The 
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FIG.  12 — The  PPI  syetem 
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FIG.  13 — The  B-lndieating  system 


azimuth  sweep,  markers  and  blank- 
ing gate  circuits  are  mechanically 
coupled  to  the  rotating  feed  drive. 
Received  signals  intensify  the 
range-sweep  traces.  During  the 
rangp-sweep  fly-back  interval,  the 
B-scope  is  entirely  blanked  out. 
Expanded  azimuth  presentation  is 
obtained  through  mechanical  link- 
age to  the  range  tracking  unit. 

By  means  of  the  antenna  posi- 
tioning system,  the  antenna  is 
made  to  slew  or  scan  on  PPI  or 
to  slew  or  track  on  B-presentation. 


The  tracking  system  provides  aided 
or  manual  tracking  in  range  and 
azimuth. 

A special  spotting  mechanism  is 
provided  in  the  remote-B  system 
that  allows  an  operator  to  read 
range  and  azimuth  deviations  of 
the  center  of  impact  when  he  places 
curcors  over  the  shell-splash  sig- 
nals. By  this  means  the  center 
of  impact  of  succeeding  rounds  is 
made  to  fall  directly  on  the  target, 
and  the  military  function  of  the 
set  is  fulfilled. 
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An  electronic  detonator.  W iml-vane  drives  compact  generator  and  arms  projecdiii 
safe  interval  of  flight.  Careful  design  of  miniature  r-f  oscillator,  feedback  ampliffil1 
thvratron  circuits  locates  burst  point  at  optimum  position 


Fuxe  tubes,  shown  approximately  actual  size.  At  the  left  is  a triode,  in  the 
middle  a pentode,  and  on  the  right  a thyratron 


The  generator-powered  prox- 
imity fuze  for  airborne  rockets, 
developed  at  the  National- Bureau 
of  standards  under  the  joint  spon- 
sorship of  OSRD  and  Army  Ordi- 
nance, is  another  example  of  the 
electronic  detonating  technique  de- 
scribed in  Electronics  for  No- 
vember 1945.  With  the  advent  of 
the  proximity  fuze  the  saying  “a 
miss  is  as  good  as  a mile”  is  no 
longer  true,  because  it  has  now 
been  found  that  near  misses  can 
frequently  be  ten  times  as  effec- 
tive as  direct  hits. 

Fum  Characteristics 
The  fuze  to  be  described  contains 
within  it  a complete  radio  trans- 
mitter and  receiver,  amplifier,  elec- 
tronic detonator,  wind-driven  gen- 
erator, and  safety  devices,  ar- 
ranged as  shown  in  the  block  dia- 
pl r Fig.  1.  The  rocket  itself, 


together  with  an  insulated  ring 
mounted  on  the  nose,  serves  as  the 
transmitting  and  receiving  an- 
tenna. An  equivalent  antenna  and 
feed  system  are  indicated. 

When  the  rocket  is  fired  its  ac- 
celeration releases  a safety  latch 
which  permits  the  power  vane  to 
rotate  in  the  air  stream.  The  vane 
turns  the  generator  at  about  40,- 
000  rpm  to  supply  filament,  plate, 
and  bias  voltages.  It  also  drives  a 
gear  train  which  connects  the-  fir- 
ing circuit  after  the  fuze  has 
traveled  a predetermined  distance, 

/ 


electronics 
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termed  safe  air  travel.  II 
can  be  set  for  any  desired  ij 
safe  air  travel  greater  that 
tain  minimum,  This  armiaq 
insures  that  the  fuze  is  al« 
away  from  the  launching ... 
before  it  becomes  active. 

Within  a fraction  of  a] 
after  the  rocket  has  been  iirj 
fuze  circuit  warms  up 
transients  die  out.  By  the 
safe  distance  has  been  d 
arming  is  completed,  and 
is  ready  for  operation. 

F*zt  Rodiatioi  ImcH 

Assume  that  the  fuw  tr* 
is  in  operation  and  that  til 
has  come  close  enough  to  it 
to  receive  appreciable  reflei 
nal.  The  rocket  sends  out  a 
ous  wave,  part  of  which  is 
back  to  establish  a small  vi 
the  antenna.  This  voltage 
portionai  to  the  antenna 
but  not  necessarily  in  phase  J 
The  presence  of  the  re 
get  thus  has  the  effect  of  dj 
the  antenna  impedance 
amount  Z such  that  l - tfl 
I is  the  antenna  current  i 
the  instantaneous  voltage 
the  reflected  radiation. 

As  the  distance  to  the  tuff 
creases,  two  things  happaj 
size  of  e increases  as  the 
becomes  stronger  and  t 
between  e and  I changes  by 
grees  each  time  the  target 
is  reduced  by  a quarter  ws 
The  simple  vector  picture 
2 shows  what  goes  on  as 
approaches  the  target.  Here 
resents  the  antenna  input 
ance  (usually  resistive  as 
tenna  is  tuned  to  resonance), 
there  are  no  reflectors  near 
impedance  due  to  the 
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nted  by  Z.  As  the  fuze  ap- 
b the  target  the  end  of  the 

t traces  a spiral  shown  by 
I curve.  The  total  antenna 
t thus  varies  periodic- 
al minimum  (point  A)  to 
jm  (point  B)  going  through 
•le  each  time  the  path  short- 
h/2.  If  the  velocity  of  the 


Rocket  armed  with  generator-powered  electronic  fuze 


jward  the  target  along  the  cause  the  same  result  is  obtained  if  fected  by  e (voltage  due  to  reflec- 
ting them  is  v,  then  the  difference  between  transmitted  tion)  and  we  can  say  that  the  size 


(1) 


s the  rotational  frequency 


frequency  and  received  frequency 
is  calculated,  taking  into  account 
the  relative  motion  of  fuze  to  tar- 
get. 


of  Z is  determined  by  e alone.  The 
reflected  voltage  is  determined  by 
four  factors:  The  reflecting  power 
of  the  target,  the  distance  to  the 


This  frequency  has  been  For  small  reflections  the  value  of  target,  the  amount  of  radiation  di- 


the  Doppler  frequency  be-  / (antenna  current)  is  little  af-  rected  toward  the  target,  and  the 


FIG.  1— Block  diagram,  showing  at  the  top  that  the  rocket  constitutes  a near-end-led  antenna.  The  electronic 
fits  into  the  nose  ol  the  rocket,  and  operates  as  shown  to  ignite  a booster  which  tires  the  explosive  charge 
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Separate  parts  of  the  wind-driven  generator  power  supply  for  electronic  fuse 


receiving  properties  of  the  antenna 
for  waves  reflected  back  from  the 
target.  The  first  factor  has  been 
experimentally  determined  and 
found  to  be  adequate.  The  second 
depends  upon  field  strengths  from 
antenna  and  target  which  decrease 
with  increasing  distance.  The  re- 
maining two  need  further  explana- 
tion. 

Antenna  Impedance  Variation 

The  amount  of  radiation  reach- 
ing the  target  is  determined  by  the 
radiation  pattern  of  the  rocket  an- 
tenna and  the  power  radiated.  Be- 
cause an  antenna  has  the  same  di- 
rectional properties  when  used  for 
receiving  or  transmitting,  the  ra- 


diation pattern  is  the  same  in  each 
case.  The  square  of  the  radiation 
pattern  and  the  total  radiated 
power  thus  determine  the  size  of  Z. 
In  fact,  it  can  be  shown  that  the 
total  radiated  power  is  so  related 
to  Z0  that  Z is  proportional  to  R„ 
the  resistance  component  of  ZQ,  no 
matter  what  the  radiated  power 
may  be.  Finally,  then,  the  size  of  Z 
is  determined  by  RA  and  the  radiat- 
ing properties  of  the  antenna,  other 
things  being  equal. 

The  square  of  the  radiation  pat- 
tern is  called  the  directivity  pat- 
tern, the  figure-eight  loop  around 
the  rocket  in  Fig.  3 being  the  en- 
velope of  a typical  pattern.  The 
actual  directivity  envelope  in  space 


is  a figure  of  revolution 
axis  of  the  rocket,  roughly 
nut-shaped  figure.  This 
shows  how  well  the  fi 
targets  in  various  directi 
the  figure-eight  envelope 
sees  mainly  to  the  sides 
all  straight  ahead,  thus 
are  not  detonated  before 
the  target. 

Figure  3 represents  the 
when  a rocket  passes  an  ah 
The  dotted  curve  plotted  sk 
rocket  trajectory  and  i 
3/- wave  represents  the  ideal 
sistanee  component  of  l at  I 
sive  points. 

Now  v - V,  sin#,  and 
(2vsin 9)/X  if  V,  is  the  n 
the  rocket  in  a coordinate! 
attached  to  the  target.  As  1 
approaches  the  target  the  id 
grows  rapidly  because  the  dj 
shortens  and  the  directivij 
proves.  The  rotation  of  l 
down  from  the  value  / = | 
large  distances  to  the  value 
at  the  instant  # = 0. 

This  analysis  indicates  tin 
characteristics  of  the  re  > 
pedance  are  rapidly  gro 
tude  and  rapidly  falling  f 
as  the  fuze  approaches,  and 
verse  as  it  passes  beyond  thefi 

Utilization  of  Varying 
Impedance 

Advantage  is  taken  of  the; 
bined  increase  in  amplito 
decrease  of  frequency  to  caud 
burst  to  occur  in  the  ideal 
By  incorporating  proper  s 
the  amplifier,  the  overall  e® 
directivity  pattern  is  made  d 
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FIG.  2 — Vector  representation,  showing  the  frequency  and 
.ct-ginplitude  changes  of  antenna  impedance 


than  that  due  to  radiation 
’ipre  4 indicates  the  effect, 
billing  amplifier  character- 
id  radiation  characteristics 
agible  to  draw  an  effective 
ity  pattern  which  is  a locus 
; points. 

tain  proper  operation,  it  has 
pd  by  experience  that  the 
jst  burst  when  Z is  a very 
taction  of  RA.  The  fact  that 
e operates  on  a percentage 
jin  antenna  impedance  im- 
ut  fuzes  will  function  at  a 
distance  from  a reflector 
\ regard  to  the  power  radi- 
Although  fuzes  have  been 
Ihich  work  over  a range  of 
levels  as  large  as  5000  to  1, 
}wer  is  desirable  because  it 
: is  strong  signals,  strong  re- 
jand  reliable  operation. 


irHy  of  Trasimltter-Receiver 

! 

I the  effect  of  the  reflecting 
Ss  expressed  as  a change  of 
a impedance  as  outlined 
it  is  easy  to  see  how  a single 
can  transmit  continuous 
receive  the  reflected  signal, 
dect  the  low-frequency  com- 
t 

oscillator  shown  in  the  func- 
‘tlock  diagram  of  Fig.  5 sees 
riable  load  which  changes 
"Really  from  increased  resis- 
to  increased  reactance  to  de- 
ed reactance  to  decreased 
..  sauce.  If  the  plate  circuit  of 
•dilator  is  tightly  coupled  to 
Jntenna,  the  small  reactance 
fes  will  alter  the  frequency 
■illation  with  but  little  effect 
kcillator  performance.  The 
tes  in  resistance,  on  the  other 
t alter  the  power  drain  on  the 
itor,  and  certain  parameters 
" Sated  with  the  oscillation  will 
ir  these  load  variations.  Thus 
„ detected  output  voltage  will 
1 in  it  an  alternating  eompon- 
af  frequency  / = 2v[k  which 
lie  selected  and  used  as  a work- 
signal. 

lie  design  of  an  effective  r-f 
Ustor  which  will  give  a strong, 
k response  to  small  load 
i?es  is  based  upon  a figure  of 
it  known  as  the  sensitivity  S 
• defined  by  the  relation 
AF  = S*Ra/Ra 

, to  bV  is  the  change  in  de- 
led output  voltage,  \RA  is  the 

L 


FIG.  4 — By  mean*  oi  ware-shaping  circuits 
in  the  fuse  amplifier  the  effective  influence 
region  is  modified  as  compared  with  the 
radiation  pattern 

resistance  component  of  Z,  and 
Ra  is  the  resistance  component  of 
Zo.  Usually  RA  is  equal  to  Z„  be- 
cause the  antenna  circuit  is  tuned 
to  resonance. 

To  predict  the  performance  of  a 
transmitter  circuit  a typical  curve 
of  V vs  log  R.t  is  plotted  as  in  Fig.  6 
for  various  values  of  RA.  The  slope 
of  this  load  curve  gives  the  values 
of  S for  small  values  of  A RA/RA  cor- 
responding to  the  radiation  resist- 
ance RA  of  any  antenna  that  may  be 
connected  to  the  r-f  circuit.  The 
curve  labeled  S shows  the  sensitiv- 
ity of  the  circuit  at  each  value  of 
Ra.  It  is  important  to  note  that  S 


is  relatively  independent  of  RA  over 
a large  range.  This  independence 
of  S with  load  changes  means  that 
the  circuit  is  usable  on  a variety 
of  antennas.  The  particular  oscil- 
lator selected  combines  high  effi- 
ciency with  a large  stable  S which 
is  relatively  independent  of  tube 
parameters  and  load  resistance. 

One  of  the  most  important  prob- 
lems to  be  overcome  in  fuze  pro- 
duction was'the  design  and  develop- 
ment of  a triode  oscillator  tube  that 
would  give  good  power  output  with 
relatively  small  plate  supply  volt- 
age, have  a good  S value,  and  op- 
erate in  a simple  circuit  so  stable 
microphonically  that  the  small 
available  signal  would  not  be 
masked  by  vibration  of  the  projec- 
tile during  its  flight  at  supersonic 
velocities.  The  resulting  tube  is 
similar  in  appearance  to  a stand- 
ard hearing-aid  type  but  more  rug- 
ged in  construction.  In  rocket  ap- 
plications, tubes  are  subject  to  ac- 
celerations of  only  30  to  150  g,  but 
the  tubes  developed  to  withstand 
the  vibrations  encountered  were 
found  sufficiently  rugged  for  use  at 
accelerations  as  high  as  10,000  g. 

Owing  to  limited  space,  highest 
efficiency  of  the  oscillator  is  neces- 
sary to  insure  strong  reflected  sig- 
nals and  reliable  operation.  For 
small  reflections,  A,-is  proportional 
to  &R<  and  the  Af-wave  (Fig.  3)  can 
represent  the  approximate  wave 


Bomb  armed  with  electronic  proximity  luxe.  It  detonates  above  the  ground, 
spraying  iragments  into  dugouts  and  gun  emplacements  more  effectively  than 
contact-detonated  bombs 


FIG.  5 — Break-down  of  typical  radio  fuse  circuit 


form  into  the  amplifier,  as  well  as 
the  variation  of  antenna  impedance. 

Signal  Amplifier 

Because  the  signal  from  the  r-f 
section  is  too  small  to  actuate  a fir- 
ing device  directly,  it  is  necessary 
to  amplifiy  it  until  it  can  reliably 
operate  a thyratron. 

The  amplifier  also  performs  im- 
portant secondary  functions.  The 
shape  of  its  gain  characteristic  as- 
sists the  directivity  pattern  in  prop- 
erly locating  the  point  of  burst,  and 
much  of  the  tube  microphonic 
noise,  and  filament  a-c  hum  are 
suppressed  by  proper  design.  It 
is  possible  to  make  a single  tube 
perform  all  these  functions  al- 
though there  are  limits  to  the  am- 
plification that  can  be  obtained 
stably  by  a single  tube  while  per- 
forming all  of  them.  Dependence  is 


placed  upon  the  high  stable  S of  the 
oscillator  and,  for  discrimination, 
upon  feedback. 

The  amplifier  (Fig.  5)  is  con- 
ventional in  every  respect,  using  a 
small  tube  especially  designed  for 
high  gain.  The  feedback  network 
gives  regenerative  feedback  at  the 
desired  frequency  plus  high  degen- 
erative feedback  at  high  frequen- 
cies and  no  feedback  at  low  fre- 
quencies. The  consequent  sharp  cut- 
off at  noise  frequency  suppresses 
tube  microphonics  and  hum. 

Ham  Problem 

Currently  available  heater-type 
tubes  warm  up  too  slowly  and  are 
more  microphonic  than  the  filamen- 
tary type,  so  directly  heated  fila- 
ments are  used.  Because  of  gener- 
ator design  requirements,  a-c  is 
used  on  these  filaments,  thus  creat- 


ing a very  serious  hum 

The  r-f  section  puts 
filament  frequency  with 
tude  many  times  larger 
working  signal  which 
arated  from  it.  If  di 
networks  are  connected 
put  of  the  amplifier,  it  is 
by  the  larger  hum  in 
gain  at  signal  frequency 
reduced.  Discrimination 
put  is  possible  but  requi 
erable  circuit  complexity. 

So  the  amplifier  is  made 
degenerative  at  bum  f 
Thus,  to  suppress  one 
input,  the  amplifier  only 
erate  slightly  more  thin 
output  \yhich  is  fed  ba 
phase  to  the  input  where 
the  hum  from  the  r-f 
net  result  is  amplification 
frequency  very  much  grol 
at  hum  frequency.  The  out) 
nal-to-hum  ratio  is  theretj 
high  enough  to  provide  11 
margin  of  safety  for  proper 
.tion. 

Every  stage  in  the  fuse 
must  operate  at  its  optimal 
efficiency.  Although  there! 
than  sufficient  power  to  d 
generator,  the  limitations 
prohibit  a large  generator,  i 
number  of  separate  stages  ti 
be  added  is  restricted. 


lent  Lscitiw 

The  frequency  of  maxi 
is  selected  by  trial  to  give 
burst  location.  As  the  fi 
proaches  the  target  the  fi 
first  received  is  too  high 
gain  too  small  to  actuate 
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GENERATOR  SLOW  SPEED  SHAFT 


ROTOR 


COUPLING  SHAFT  GEAR  TRAIN 


DETONATOR  ROTOR 


Salatr  device..  operated  in  sequence.  by  wind-drlY.n  propeller  .haft 
arm  lux.  after  a rock.,  i.  Bred  from  under  the  wing  of  an  afrplan. 
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When  it  gets  closer  the  cuit.  Bias  voltage  is  obtained  by 
[the detector  increases  be-  the  plate  current  drop  in  the  filter 

> target  is  in  a better  posi-  and  is  adjustable  to  afford  some 

K seen,  and  the  frequency  compensation  for  production  varia- 
where  the  gain  is  higher,  tion  from  generator  to  generator, 
jbination  of  these  factors  The  large  internal  impedance  of 
the  • region  of  influence  the  generator  serves  two  functions ; 
the  fuze  more  sharply  de-  it  materially  assists  in  the  filtering 
in  the  directivity  envelope  action  and  it  makes  voltage  regu- 
ould  indicate.  lation  easily  attainable.  By  adding 

the  output  from  the  ampli-  . a regulating  circuit  to  the  gener- 
eeds  its  critical  value,  the  ator  the  variation  of  voltage  with 
actions  and  bursts  the  pro-  speed  can  be  reduced  almost  to  zero 
The  actual  explosion  is  ini-  over  a wide  range  of  speed, 
y the  discharge  of  the  final  Figure  7 shows  a typical  speed- 
t of  the  filter  through  the  regulation  curve.  Achieving  such  a 

an  and  a detonator  similar  curve  requires  a careful  selection 

tsting  cap.  Thyratron  bias  of  combined  generator-regulator- 
tor  in  determining  the  loca-  filter  parameters  such  that  the  best 

the  burst.  compromise  on  all  values  is  ob- 

detonator  ignites  a powder  tained  to  reduce  variations  in  mass 
fhich  in  turn  sets  off  the  production  to  a minimum, 
to  explode  the  main  charge, 
one  millisecond  elapses  be- 
the  firing  of  the  thyratron 
e moment  fragments  start 
the  projectile,  during  which 
te  missile  has  moved  very  lit- 
■spite  its  small  size,  the  thy- 
is  capable  of  repeatedly  pass- 
rge  peak  currents,  without 
kig  its  characteristics,  allow- 
tper  factory  tests. 

Power  Supply 


! use  of  a battery,  even  of  the 
re  type,  seriously  limits  the 
“'7  of  a rocket  fuze.  It  must 
7 proper  voltage  after  being 
ed  aloft  to  very  low  temper- 
» (-40  C)  and  at  present 
I is  no  acceptable  battery  which 
meet  both  the  severe  temper- 
t and  space  limitations.  There 
9 spin  and  little  acceleration  in 
feet  to  actuate  a reserve  bat- 


teause  more  power  can  be  ob- 
tedfor  a given  volume  by  using 
Aerator  than  by  any  battery 


* available,  design  of  a small 
tf-driven  generator  was  under- 


lie power  system  consists  of  gen- 
kr,  regulator,  rectifier  and 
B The  generator  rotor  is  a 
Ul,  permanent  magnet  and  the 
tor  is  a series  of  coils.  Separate 
teent  and  plate  windings  are 
iftvided.  Raw  a-c  is  used  for  all 
Jtoients.  The  plate  voltage  is  rec- 
. by  a small  selenium  bridge 
Wifier  and  filtered  by  an  R-C  cir- 


FIG.  6 — Ssnaitlvity  varies  so  little  that  the 
hue  can  be  used  in  a variety  oi  prolectUes. 
i.e„  with  different  antennas 

An  important  secondary  feature 
of  the  generator  is  its  contribution 
to  fuze  safety.  There  is  no  power 
to  actuate  the  mechanism  unless  it 
is  flying  through  the  air.  Likewise, 
fuzes  are  inert  once  the  generator 
stops  spinning. 

An  incidental  advantage  of  gen- 
erator operation  arises  from  the 
gear-reduction  arming  that  can  be 
readily  incorporated.  Long  air 
travel-to-arming-time  ratio  is  feas- 
ible if  desired  as  it  is  in  certain 
applications  such  as  ground-to- 
ground  firing  of  rockets  or  ho- 
witzers. 

Safety  Devices 

In  addition  to  driving  the  gen- 
erator, the  wind  vane  drives  a gear 
reduction  system  to  actuate  the 
safety  devices.  By  proper  selection 
of  the  gear  ratio  any  desired  safe 
interval  can  be  incorporated  into 
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the  fuze.  The  slip  of  the  vane  is  re- 
markably constant  and  the  system 
can  be  used  to  adjust  for  any  de- 
sired fixed  air  travel  to  the  arming 
point. 

As  the  propeller  turns,  a small, 
Bakelite  rotor  carrying  the  electric 
detonator  slowly  rotates.  When  it 
has  turned  so  that  it  is  in  line 
with  the  powder  train,  the  final 
connections  to  the  circuit  are  com- 
pleted and  the  rotor  is  disengaged 
from  the  shaft.  The  fuze  is  then 
armed  and  ready  for  action.  Until 
then  the  detonator  is  neither  in  the 
circuit  nor  in  line  with  the  powder 
train,  thus  giving  dual  safety. 

Production 

The  fuze  must  be  small.  Small 
tubes  and  small  generators  have 
been  mentioned.  Without  other 


FIG.  7 — Good  regulation  with  varying 
generator  speed  Is  obtained  by  choice  of 
generator  and  filter  impedance 


small  components  the  device  would 
still  be  impossibly  large.  The  elec- 
tronic industry  has  successfully 
supplied  small  resistors,  capacitors, 
coils  and  rectifier  cells;  all  strong, 
temperature  resistant  and  vibra- 
tion free. 

The  production  of  fuzes  required 
previously  unheard  of  discipline  at 
the  assembly  lines.  One  loose  con- 
tact vibrating  in  response  to  noise 
can  undo  the  work  of  the  best  com- 
ponents. Manufacturers  responded 
magnificently  in  establishing  mass- 
production  facilities  despite  the 
stringent  inspections  and  heart- 
breaking rejections  which  were 
necessary  to  maintain  adequate 
quality  in  the  final  product. 


This  paper  Is  based  upon  the  work  of  the 
haze  Development  Staff,  Ordnance  Devcloo- 
ment  Division.  National  Bureau  of  Stand- 
ards, under  the  direction  of  Harry  Diamond 
The  program  was  conducted  under  the 
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584  Radar 


Details  of  the  r-f  system  and  receiver  of  the  outstanding  anti-aircraft  gunfire 
radar,  including  hitherto  unpublished  information  on  microwave  plumbum.  rotL 
joints,  crystal  mixers,  t/r  tubes,  and  gated  i-f  amplifiers.  Operating  principles  and 


cifications  were  given  last  month 
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The  radio-frequency  pulses  gen- 
erated in  the  cavity  magne- 
tron of  the  SCR-584,  as  described 
in  the  first  installment  (Elec- 
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tronics,  November,  1945,  page 
104),  are  conveyed  to  the  radiator 
by  a system  of  microwave  plumbing 
and  components  known  as  the  r-f 


system.  The  echo  pulses  i 
from  the  target  are  conve; 
the  radiator  to  the  receiver  tin 


FIG.  1 — Block  diagram  of  the  r-f  system, 
by  which  the  transmitted  pulses  and 
echoes  are  conveyed  to  and  from  the 
radiator 


FIG.  2- — Perspective  view  of  the  r-f 
transmission  line  and  rolafing  joints, 
from  magnetron  output  to  dipole 
radiator 
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of  antenna  and  platform  of  radar 
IM,  partly  rained  out  of  the  trailer. 
' operation,  the  platform  ie  up  flush 
*ith  ihn  roof  of  the  trallor 


tails  of  the  r-f  system  and 
r are  described. 

Faction  of  the  R-F  System 

essential  components  of  the 
item  are  shown  in  the  block 
m in  Fig.  1 and  in  perspec- 
i Fig.  2.  As  the  r-f  pulse 
the  transmission  system  it 
iters  a T-junction,  which 
three  coaxial  lines.  One 
i leads  to  the  radiator, 
jte  the  signal  passes  through 
rotating  joints.  These  joints 
t the  radiator  to  move  in  azi- 
and  elevation  for  helical  scan- 
and  permit  the  dipole  radia- 
be  spun  about  the  axis  of  the 
oloid,  for  conical  scanning. 
i remaining  branch  of  the 
ction  leads  to  the  receiver, 
his  branch  the  transmitted 
1 encounters  the  t/r  (trans- 
•eceive)  box,  a low-pressure 
discharge  tube  which  breaks 
and  prevents  passage  of  the 
ig  transmitted  signal  to  the 
ver.  At  the  conclusion  of  the 
smitted  pulse,  the  t/r  gap 
aim,  and  the  echo  signals 
eafter  received  are  passed  to 
receiver.  Coincidentally,  the 
edance  of  the  cavity  magnetron 
iges,  so  that  the  echoes  are  re- 
ed from  the  transmission  sys- 
with  but  minor  loss  due  to 
Jrption. 

lie  transmission  lines  them- 
es are  of  the  coaxial  variety, 
h the  inner  conductor  supported 
ntervals  by  quarter-wave  stubs, 
i diameter  of  the  inner  con- 
tor  is  increased  at  the  stub,  and 
one  quarter  wave  on  either  side, 
nerease  the  frequency  band  over 
ieh  the  stub  support  introduces 
■ligible  loss.  A typical  stub  sup- 
1 nod  a joint  in  the  line  are 
,wn  Fig-  3.  The  rotating 
5ts  are  shown  schematically  in 
f-  d.  Each  joint  consists  of 
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quarter-wave  overlaps  between 
outer  and  inner  conductors,  within 
each  of  which  is  a small  gap.  The 
gap  permits  passage  of  the  r-f 
energy,  by  capacitive  action,  while 
allowing  free  rotation  of  the  joint 
about  the  axis  of  the  line.  Each 
joint  is  covered  with  a gas-tight 
seal  which  permits  the  lines  to  be 
filled  with  dry  air  under  five  pounds 
pressure. 


Dipole  Radiator 

The  dipole  radiator  is  shown  in 
Fig.  5.  A plastic  housing  sur- 
rounds the  assembly  to  contain  the 
air  under  pressure.  The  coaxial 
line  is  surrounded,  at  the  left,  by 
a quarter-wave  collar  which  con- 
verts the  single-ended  feed  of  the 
line  to  the  push-pull  feed  required 
to  excite  the  dipole.  The  inner 
conductor  is  built  up  to  large  diam- 
eter, as  shown,  thereby  changing 
the  impedance  of  the  line  so  that  it 


matches  the  impedance  of  the 
dipole.  The  dipole  itself  consists 
of  two  rounded  projections,  one 
soldered  directly  to  the  outer  con- 
ductor, the  other  connected  to  the 
inner  conductor  and  projecting 
through  a hole  in  the  outer  con- 
ductor. The  two  segments  of  the 
dipole  are  of  different  lengths  so 
the  radiation  from  it  is  slightly 
assymetrical  with  respect  to  the 
axis  line.  As  a result  the  axis  of 
the  beam  is  displaced  from  the  axis 
of  the  paraboloid  and  as  the  dipole 
spins  the  beam  traces  out  a cone 
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(conical  scanning,  see  part  I). 

At  the  right  of  the  assembly  is  a 
metal  disk  which  reflects  the  for- 
ward radiation  from  the  dipole, 
returning  it  to  the  reflector.  This 
forward  radiation  would  otherwise 
be  largely  wasted  since  it  would 
spread  outside  the  limits  of  the 
beam.  The  coaxial  line  is  shorted 
at  the  righthand  end,  at  such  a dis- 
tance from  the  dipole  that  the  sig- 


transmitted  signal  appears  at  the 
cavity  input  (through  a coupling 
loop),  the  cavity  is  excited,  and  a 
high  potential  appears  across  the 
conical  electrodes.  Sufficient  free 
ions  are  present  in  the  tube  (sup- 
plied by  an  auxiliary  keep-alive 
electrode  within  the  tube)  to  per- 
mit almost  immediate  ionization  of 
the  gap.  The  breakdown  short- 
circuits  the  cavity  and  detunes  it 
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FIG.  3 — Coaxial  transmission  line  fittings:  (A)  broadband  quarter-ware  stub 
support;  (B)  in-line  foint 


nal  reflected  from  the  short  appears 
in  proper  phase  at  the  dipole  to 
reinforce  the  radiated  signal. 

TraiumlE-Reeelve  Switch 

The  t/r  box  (Fig.  1)  is  a device 
which  permits  the  use  of  the  same 
radiator  for  transmission  and  re- 
ception. Its  essential  element  is 
the  t/r  tube  (type  713A)  shown  in 
Fig.  6.  This  tube  comprises  two 
conical  electrodes  supported  on 
metal  flanges  which  extend  through 
the  glass  envelope  and  become  part 
of  a resonant  cavity  (Fig.  6A). 
The  cavity  is  tuned  by  tuning  plugs 
to  resonate  at  the  carrier  fre- 
an<  Consequently  when  the 


so  that  the  magnetic  field  within 
it  collapses  at  once,  and  the  signal 
is  prevented  from  leaving  the  cavity 
via  the  output  coupling  loop.  The 
tube  is  filled  to  a pressure  of  about 
1 mm  of  mercury  of  water  vapor, 
which  ionizes  in  a few  hundredths 
of  a microsecond. 

At  the  conclusion  of  the  trans- 
mitted pulse,  the  gap  deionizes 
(the  recovery  time  is  about  1 micro- 
second), and  the  cavity  regains  its 
tuned  condition.  Thereafter,  when 
echo  signals  are  received,  they 
excite  the  cavity  (but  to  such  a low 
power  level  that  the  gap  does  not 
break  down)  and  they  are  coupled 
through  the  cavity  directly  to  the 


receiver  input  circuit  of  rea 
In  the  discharge  conditk 
t/r  box  introduces  an  atta 
to  the  transmitted  signal « 
60  decibels,  which  redua 
power  from  300  kw  to  well 
100  milliwatts.  This  level  i 
enough  to  be  harmless  to  I 
ceiver  but  sufficient  to  ext 
receiver  so  the  transmits 
is  visible  on  the  type  J range 
The  power  consumed  in  ma 
ing  the  gas  discharge  is  ne| 
compared  to  the  300-kw  level 
transmitted  pulse. 


The  Receiving  Syitw 

A block  diagram  of  the  ra 
system  is  shown  in  Fig.  7, 
echo  signal  is  passed  by  the  t 
directly  to  the  crystal  mixer, 
it  is  combined  with  a loca 
lator  signal  30  me  higher  i 
quency.  The  30-mc  inter® 
frequency  is  then  amplified  i 
i-f  stages  (preamplifier)  whi 
mounted  directly  adjacent  I 
crystal  mixer.  The  remaini 
stages  are  located  (for  convea 
at  some  distance,  in  the  rs 
proper.  After  the  fifth  i-f 
the  i-f  channel  breaks  up  int 
branches,  one  (the  range  chi 
feeding  the  indicators,  the 
(servo  channel)  feeding  the 
tracking  circuits. 

The  circuits  of  particular  i 
est  in  the  receiving  system 
those  which  convert  the  a 
frequency  to  the  intermediate 
quency.  Care  must  be  taka 
these  circuits  to  maintain  the  i 
level  as  close  as  possible  to 
inescapable  noise  level  intrude 
at  the  antenna  itself. 

Crystal  Mixer 

The  three  most  serious  soul 
of  additional  noise,  in  order 
importance,  are  the  crystal  mil 
the  i-f  amplifier  and  the  local « 
lator.  The  first  two  i-f  stages  i 
located,  as  close  as  possible  to  i 
mixer  stage  to  avoid  losses  at  1 
level  in  the  connecting  cabie. 
attention  to  such  details  it  has  he 
possible  to  keep  the  noise  in  t 
receiver  output  to  within  15  db 
the  theoretical  level  present  in  I 
antenna  circuit. 

The  multi-grid  converter  tn« 
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FIG.  5 — Dipole  radiator,  transformer  sections  and  rellector  plate.  A slight 
difference  in  the  length  of  the  dipole  elements  produces  off-axis  radiation  for 

conical  scanning 
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superheterodynes  at  lower 
lies  are  not  suitable  at 
frequencies  because  of 
introduced  by  random 
ition  effects  at  the  grid 
The  diode  is  accordingly 
ir  microwave  applications, 
jt  efficient  form  of  diode 
t thus  far  uncovered  is  the 
crystal.  A slab  of  silicon, 
ly  heat  treated  and  etched, 
{tungsten  catwhisker  bear- 


R Diaphragm 

AIRED  TO  T/R 
iOOSING 


■WINS  PLUS 


GLASS 

/-PICKUP  LOOP 
—►TO  ANTENNA 

JT.’,  SHADED  AREAS 
f 1 INDICATE  RESONANT  1 
K CAVITY 
(A)\  '-COPPER-GLASS  SEAL 

'keep-alive  electrode 


COAXIALLINE 
"TO  ANTENNA 


* I r tube  and  resonant  cavity. 

Tiew,  Side;  (B)  schematic 
'r'ew'  top;  (C)  cut-away  view 


ing  upon  it,  is  mounted  in  a small 
cartridge  and  the  whole  assembly 
filled  with  a plastic  compound. 

The  cartridge  is  mounted  in  a 
housing,  known  as  the  mixer, 
shown  in  Fig.  8.  The  coupling  loop 
at  the  lower  left  abstracts  the  re- 
ceived signal  from  the  t/r  box  and 
passes  it  to  the  crystal.  The  local 
oscillator  input,  at  a level  of  25  to 
50  milliwatts,  is  fed  through  the 
arm  at  the  upper  right,  through  a 
right-angle  bend  to  a coaxial  mem- 
ber whose  inner  conductor  termi- 
nates near  the  crystal  in  a flat 
coupling  plate.  The  level  of  the 
local  oscillator  signal  is  controlled 
by  the  screw  adjustment  until  the 
rectified  direct  current  passing 
through  the  crystal  is  about  0.6  ma. 

The  i-f  output  is  developed 
between  the  base  of  the  crystal 
cartridge  and  ground,  and  is  fed 


out  through  the  arm  at  the  lower 
right  to  a flexible  coaxial  cable 
which  connects  with  the  i-f  pre- 
amplifier. In  the  output  line  is 
placed  a small  metal  cup,  insulated 
from  the  outer  conductor  by  a thin 
section  of  mica  insulation.  The 
capacitance  thus  formed  acts  as  a 
short-circuit  at  carrier  frequencies 
and  thus  prevents  absorption  of 
the  r-f  signal  in  the  i-f  amplifier. 
The  capacitive  reactance  is,  how- 
ever, 100  times  as  great  at  30  me 
as  at  3,000  me,  so  the  bypass  has 
relatively  little  effect  on  the  i-f 
components.  The  mixer  has  no 
tuned  elements  and  is  constructed 
to  operate  without  adjustment  over 
the  range  from  2,700  to  2,900  me. 

Local  Oscillator 

The  generation  of  c-w  power  at 
3,000  me,  even  in  the  small  amount 


30-MC^ 

I I-F 


FIG.  7 — Block  diagram  of  receiving  system.  This  system  converts  the  r-f  echo 
pulses  at  3,000  me  to  video  pulses  which  actuate  the  c-r  indicators  and  auto- 

tracking  circuits 
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required  for  local  oscillator  service, 
is  a difficult  task  because  of  transit 
time  limitations.  To  avoid  these 
difficulties,  the  local  oscillator  tube 
employs  the  klystron  principle  to 
separate  the  effects  of  transit  time 
from  the  oscillating  circuit.  The 
particular  form  of  klystron  used  is 
a single-cavity  type  known  as  the 
reflex  klystron,  illustrated  in  Fig. 
9.  It  operates  as  follows:  Elec- 

trons from  the  cathode  are  formed 
in  a beam  and  accelerated  at  about 
B75  volts.  The  beam  passes  within 
the  center  post  of  a cavity  resona- 
tor and  thence  through  two  grids 
which  are  part  of  the  cavity  walls. 
The  initial  passage  of  the  electrons 
causes  a weak  oscillation  to  be  set 
up  within  the  cavity,  by  shock  ex- 
citation, and  as  a result  the  poten- 
tial between  the  two  resonator  grids 
varies  at  the  carrier  frequency. 

Electrons  passing  the  gap  there- 
after find  themselves  alternately 
accelerated  and  decelerated  by  this 
variation  in  potential.  On  leaving 
the  gap,  the  variations  in  electron 
velocity  persist,  with  the  result 
that  the  faster  electrons  catch  up 
with  those  which  pass  unacceler- 
ated, while  the  slower  electrons 
fall  back  on  the  unaccelerated  ones. 
In  consequence,  the  electron  stream 
becomes  bunched,  that  is,  more 


dense  in  spots  and  less  dense  in 
others. 

Meanwhile  the  electron  stream 
encounters  a decelerating  d-c  field 
applied  by  the  reflector  electrode 
(about  —700  volts).  This  causes 
the  electron  stream  to  reverse  its 
path,  while  the  bunching  process 
proceeds,  and  to  re-enter  the  reso- 
nator gap.  If  the  velocity  of  the  elec- 
trons and  the  reflector  potential  are 
properly  chosen  with  respect  to  the 
wavelength  and  the  dimensions  of 
the  tube,  the  bunched  electrons  ar- 
rive back  at  the  resonator  gap  just 
as  the  potential  across  the  gap  is 
such  as  to  cause  maximum  retarda- 
tion of  the  electron  bunch.  The  elec- 
tron bunch  thereupon  gives  up  a 
portion  of  its  kinetic  energy  to  the 
resonator. 

As  the  succession  of  electron 
bunches  re-enters  the  gap,  the  os- 
cillations are  successively  rein- 
forced until  equilibrium  is  reached 
between  the  energy  abstracted  from 
the  cavity  (via  the  coupling  loop 
shown)  and  the  energy  input  to 
the  beam  less  losses  within  the 
tube.  Power  levels  in  the  hundreds 
of  milliwatts  are  readily  produced. 

The  frequency  of  oscillation  de- 
pends not  only  on  the  natural  period 
of  the  resonator,  but  also  on  the 
phase  with  which  the  returning 


bunches  enter  the  gap,  and  this 
phase  may  be  changed  by  adjusting 
the  voltage  on  the  reflector  elec- 
trode. This  electrical  method  of 
tuning  is  employed  to  tune  the  re- 
ceiver precisely  to  the  transmitter 
frequency.  The  tube  will  oscillate 
at  several  values  of  reflector  volt- 
age; the  most  negative  value  is 
generally  chosen.  Care  is  taken  to 
stabilize  the  accelerating  and  de- 
celerating potentials  applied  to  the 
klystron,  to  avoid  electrical  detun- 
ing. Care  must  also  be  taken  to 
avoid  feeding  too  great  an  output 
from  the  local  oscillator  to  the  crys- 
tal detector,  since  excessive  power 
absorption  by  the  crystal  will  injure 
the  rectifying  interface.  The  local 
oscillator  is  coupled  very  loosely  to 
the  crystal  by  the  flat  probe  elec- 
trode shown  in  Fig.  8,  not  only  J° 
minimize  this  danger,  but  also 
prevent  absorption  of  the  ec  o 
pulses  in  the  local  oscillator  itse  • 
which  is  tuned  within  1 PerM" 
(30  me  at  3,000  me)  of  the  carrier 
frequency. 

The  I-F  Amplifier 

The  i-f  preamplifier  is  coupled  to 
the  mixer  through  a transformer, 
but  thereafter  the  i-f  stages  a 
coupled  by  single  tuned  circui  S 
ductively  tuned.  The  inductive 
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raent  is  placed  in  the  grid  of  the 
following  tube,  rather  than  in  the 
plate  of  the  preceding  tube,  to  mini- 
mize the  resistance  in  the  grid  re- 
turn, which  would  prolong  recovery 
after  overload.  Type  6AC7  high-p„ 
pentodes  are  used.  The  avc  volt- 
age is  applied  to  the  grid  of  the  sec- 
, ond  stage. 

The  output  of  the  preamplifier  is 
conducted  through  flexible  coaxial 
cable  to  the  remaining  i-f  stages  in 
I the  receiver  proper.  A simplified 
■ schematic  of  the  i-f,  detector,  and 
video  circuits  is  shown  in  Fig.  10. 
The  3rd,  4th,  and  5th  i-f  stages  are 
substantially  identical  to  the  sec- 
ond stage,  employing  6AC7  tubes 
with  single-circuit  inductiv.ely- 
tuned  coupling.  The  interstage 
coupling  is  loaded  with  the  plate  re- 
sistance of  about  850  ohms,  produc- 
ing a gain  of  about  7 per  stage 
across  an  overall  band  of  1.7  me. 
The  3rd  stage  has  avc. 

The  sixth  i-f  stage  is  a dual  unit, 
one  tube  feeding  the  remote  video 
amplifier  outside  the  receiver  chas- 
sis, the  other  leading  to  a 7th  i-f 
stage.  This  latter  (servo)  channel 
operates  under  gate  control,  that  is, 
the  6th  servo  i-f  stage  passes  sig- 
nal only  during  a brief  period  cor- 
responding to  the  time  the  desired 
echo  is  received. 

The  functioif  of  gating  in  the  au- 
tomatic tracking  circuits  will  be 
evident  from  the  following.  When 


the  radar  views  more  than  one  tar- 
get simultaneously,  as  may  readily 
happen  in  antiaircraft  activity,  a 
separate  sequence  of  echo  pulses  is 
received  from  each  target.  The  au- 
tomatic tracking  circuits  have  no 
way  of  distinguishing  between  these 
sequences  of  pulses  and  they  tend 
to  move  from  one  target  to  another, 
or  to  seek  a position  midway  be- 
tween targets. 

To  avoid  this  confusion,  the  radar 
operator  must  select  a target  and 
see  to  it  that  the  radar  follows  that 
target  to  the  exclusion  of  all  others. 
The  target  is  selected  initially  on 
the  PPI  indicator  and  then  identi- 
fied as  a particular  echo  pulse  on 
the  type  J range  scopes.  Thereafter 
the  operator  adjusts  a control  which 
keeps  a hairline  centered  on  the 
echo  selected.  The  control  is  con- 
nected to  a pulse-forming  circuit 
which  develops  a narrow  rectangu- 
lar pulse  (narrow  gate  pulse)  which 
occurs  just  prior  to  reception  of 
the  desired  echo. 

The  narrow  gate  pulse  is  applied, 
in  positive  polarity,  to  the  screen 
grid  of  the  sixth  i-f  stage  in  the 
servo  channel.  In  the  absence  of 
the  narrow  gate  pulse,  the  screen 
grid  is  grounded  and  this  stage  re- 
mains inactive.  During  the  narrow 
gate  pulse,  however,  the  stage  is 
suddenly  activated  and  passes  the 
signal  to  the  succeeding  i-f  stage 
and  thence  to  the  detector,  video 


and  servo-control  circuits.  The 
width  of  the  narrow  gate  is  nor- 
mally about  3 microseconds,  and  is 
thus  capable  of  cutting  off  all  echoes 
outside  a segment  of  about  3,000 
feet  in  the  range  coordinate.  A re- 
cent mod;  cation  of  the  equipment 
consists  >f  the'  so-called  .VJ  gate 
( N ' for  narrow-narrow),  in  which 
the  control  gate  is  only  0.5  micro- 
second long,  corresponding  to  a 
segment  in  range  of  about  500  feet. 

One  other  precaution  must  be 
taken  in  the  automatic  tracking 
system.  If  the  amplitude  modula- 
tion on  the  pulse  sequence  (which 
arises  from  off-axis  targets  as  a 
result  on  the  conical  scanning,  see 
part  I)  is  not  of  constant  ampli- 
tude, the  comparison  between  refer- 
ence voltage  and  error  signal  can- 
not be  carried  out  successfully.  Con- 
sequently it  is  necessary  to  apply 
an  amplified  automatic  gain  control 
voltage  to  the  2nd  and  3rd  i-f 
stages.  This  voltage  is  obtained  by 
passing  the  pulse  sequence  from 
the  servo  channel  output  to  a diode 
detector  which  develops  the  peak 
value  of  the  amplitude-modulated 
pulse  sequence.  This  peak  value  is 
amplified  through  a cathode-fol- 
lower stage  and  applied  to  the  i-f 
stages. 

The  timing  and  indicating  sys- 
tems will  be  described  in  the 
concluding  installment  of  this 
series. — D.G.F. 
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Loran  Receiver-Indicator 


Circuit  cfetails  and  operation  procedures  of  the  navigator’s  equipment,  which  establisha 
the  position  of  ships  or  aircraft  by  measuring  pulse  time  differences,  are  described  in  this 

second  article  of  a series 
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i 

6 

e 
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The  receiver-indicator  of  the 
Loran  system,  as  stated  in  the 
first  article  of  this  series',  measures 
the  difference  in  the  time  of  arrival 
of  a pair  of  pulses,  displayed  on  a 
c-r  oscilloscope. 

The  oscilloscope  sweeps  are  syn- 
chronized with  the  incoming  pulses 
by  an  independent  quartz-crystal 
oscillator  adjusted  by  the  operator 
to  exact  synchronism.  The  pulses 
are  approximately  40  microseconds 
wide  at  the  half-amplitude  level.  To 
match  such  wide  pulses  to  an  ac- 
curacy of  one  microsecond,  it  is  nec- 
essary to  superimpose  the  wave- 
form of  one  pulse  directly  over  the 
other. 

The  pulse-matching  procedure  is 
illustrated  in  Fig.  1,  which  com- 
prises photographs  taken  directly 
from  the  screen  of  the  Loran  indi- 
cator. In  Fig.  1A  the  horizontal 


traces  are  sweeps  each  approxi- 
mately 20,000  microseconds  long, 
synchronized  at  25  sweeps  per  sec- 
ond, or  15,000  microseconds  long  at 
33$  pps.  The  upper  trace  is  referred 
to  as  the  master  or  A trace  because 
on  it  is  displayed  the  pulse  from  the 
master  (A)  station;  the  lower  trace 
is  the  slave  or  B trace. 

The  pedestal  on  each  trace  repre- 
sents a portion  of  the  trace  which 
is  later  expanded  to  reveal  the  pulse 
shape.  The  master  pedestal  is  fixed 
in  position  at  the  left  edge  of  the 
master  trace.  On  it  is  displayed  the 
master  pulse.  The  slave  pulse  then 
falls  somewhere  to  the  right  on  the 
lower  trace.  The  slave  pedestal, 
-whose  position  is  adjustable,  is 
moved  until  it  fails  directly  under 
the  slave  pulse.  These  steps  are 
illustrated  in  Fig.  1A  through  1C. 

When  the  set  is  first  turned  on, 


the  pulses  appear  (Fig.  1A)  in  arbi- 
trary positions,  depending  on  the 
fortuitous  phasing  of  the  crystal 
synchronizing  circuit  relative  to  the 
incoming  pulses.  By  slight  adjust- 
ment of  the  crystal  synchronizing 
frequency  both  pulses  can  be  shifted 
left  or  right  on  the  screen  until  the 
positions  shown  in  Fig.  IB  are 
found,  i.  e.  with  the  master  pulse 
on  the  master  pedestal  and  the  slave 
pulse  below  it  and  to  the  right 
The  portions  of  the  traces  con- 
tained within  the  pedestals  are  then 
expanded  (750-/isec  sweep)  b? 
changing  the  swefp  speed,  with  the 
result  shown  in  Fig.  ID.  By  a fine 
adjustment  of  the  slave  pedestal 
control,  the  lower  (slave)  pulse  is 
moved  so  that  it  falls  nearly  under 
the  master  pulse,  and -by  adjustment 
of  the  crystal  synchronizing  control, 
both  pulses  are  shifted  to  the  left 
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on  the  lower  trace  to  the  next 
larger  mark  to  the  right  on  the 
upper  trace,  counting  in  steps  of  50. 
The  partial  time  difference  indi- 
cated is  350+  where  the  plus  sign 
indicates  the  partial  time  difference 
previously  read,  24  microseconds. 
Hence  the  total  time  difference,  thus 
far  measured  to  the  hundreds,  is 
374  microseconds. 

Finally  the  sweep  is  contracted 
to  its  original  length,  20,000  p sec, 
corresponding  to  Fig.  1C.  The 
markers  then  appear  as  shown  in 
Fig.  2C.  Each  trace  is  divided  into 
groups  of  2,500  microseconds.  The 
thousands  of  microseconds  are  read 
from  the  upper  pedestal  to  the 
lower,  in  groups  of  500.  The  partial 
time  difference  indicated  is  3,500+, 
where  the  plus  sign  indicates  the 
partial  time  difference,  374  micro- 
seconds, previously  measured.  The 
total  time  difference  is  then  3,874 
microseconds. 

This  apparently  involved  method 
of  measurement  is  not  so  compli- 
cated in  practice  as  it  appears  when 
described  verbally.  The  complete 
process,  indicated  in  Fig.  1 and  2, 
can  be  carried  out  in  less  than  a 


FIG.  2 — Calibration  markon, 
photographed  from  the  Indi- 
cator ocroon.  which  Indicate 
the  time  difference  between 
pulses.  The  total  difference 
in  the  case  Illustrated  Is  3.874 
microseconds.  Screens  are 
shown  about  one  third  site 


The  DAS-3  shipbome  equipment.  Except  lor  its  greater  sire  and  weight  »h,« 
receiver-indicator  13  very  similar  to  the  AN,  APN-4 


of  the  traces,  as  shown. 

A second  expansion  of  the  traces 
(200-psee  sweep)  is  then  intro- 
duced, as  shown  in  Fig.  IE,  and  the 
two  traces  are  then  brought  to- 
gether (Fig.  IF).  Any  difference  in 
the  heights  of'the  two  pulses  is  cor- 
rected by  a differential  gain  control. 
Finally,  by  further  adjustment  of 
the  slave  pedestal,  the  two  pulses 
are  brought  into  exact  coincidence, 
as  shown  in  Fig.  XG. 

loading  the  71  mo  Dlfforosco 

The  time  difference  is  measured 
by  calibration  marks,  derived  from 
the  quartz  crystal  synchronizing 
circuit  and  imposed  on  the  traces 
as  shown  in  Fig.  2.  By  throwing 
a switch,  after  the  pulse  match  of 
Fig.  1G  is  obtained,  the  pulses  are 
removed  and  the  calibration  marks 
substituted.  The  time  difference  is 
read  in  three  steps  which  indicate 
in  succession  the  units  and  tens, 
hundreds,  and  thousands  of  micro- 
seconds. 

In  Fig.  2A  the  fastest  sweep  (cor- 
responding to  Fig.  IE)  is  shown 
with  markers  extending  above  and 
below  each  trace.  The  small  upward 
markers  indicate  ten-microsecond 
intervals,  and  the  larger  downward 
markers  indicate  fifty-microsecond 
intervals.  The  units  and  tens  are 
read  by  considering  the  lower  trace 
as  a scale  and  one  of  the  upper 


markers  as  a pointer,  reading  from 
a large  marker  on  the  lower  trace 
to  the  next  larger  marker  to  the 
right  on  the  upper  trace.  The  time 
interval  indicated  is  24  micro- 
seconds. 

The  sweep  is  then  contracted  one 
step  to  750  psec  and  the  markers 
shown  in  Fig.  2B  appear.  The  traces 
correspond  to  those  in  Fig.  ID. 
The  largest  downward  markers 
mark  500-microsecond  intervals. 
The  hundreds  of  microseconds  are 
read  in  the  same  manner  as  in  Fig. 
2 A,  that  is,  from  a large  marker 
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FIS.  3 — Receiver  (left)  and  indicator  of  the  AN/APN-4  airborne  receiver-indicator 
equipment.  The  sequence  of  patterns  shown  in  Fig.  1 and  2 are  obtained  by 
manipulation  of  the  indicator  controls,  as  described  in  the  text 


minute  by  a well-trained  operator, 
or  in  ten  or  twenty  seconds  by  an 
expert. 

The  foregoing  steps  are  then  re- 
peated on  another  pair  of  stations. 
The  pulses  from  the  second  pair  of 
stations  are  sent  out  at  a slightly 
different  pulse  rate,  (say  25ft  pps) 
but  on  the  same  radio  frequency. 
Hence  these  second  pulses  are  vis- 
ible during  the  foregoing  opera- 
tions, but  move  rapidly  across  the 
screen,  since  the  sweeps  are  not  syn- 
chronous with  them.  The  motion 
is  sufficiently  rapid  that  the  second 
pair  of  pulses  does  not  interfere 


with  the  measurement  of  the  first. 

To  measure  the  second  pair,  the 
sweep  rate  of  the  indicator  is 
switched  to  the  rate  corresponding 
to  the  second  pulse  rate.  The  second 
pair  then  remains  stationary,  and 
can  be  measured  as  above  while  the 
first  set  is  in  motion.  In  some 
regions  of  the  world,  as  many  as  6 
pairs  of  pulses,  each  pair  on  a 
different  rate  but  the  same  radio 
frequency,  can  be  seen  simultane- 
ously. The  identification  of  the  pair 
being  measured  is  made  by  noting 
the  rate  at  which  the  c-r  sweeps 
are  set.  The  sweep-speed  switch  is 


marked  with  station-pair  numbers 
which  correspond  with  similar  num- 
bers marked  on  the  Loran  chart 
The  complete  identification  and 
time  difference  reading  is  given  in 
several  characters,  a typical  ex- 
ample being  1L1-3874.  The  figure 
1 refers  to  the  radio  frequency 
(1  = 1,9-50  kc),  the  letter  L to  the 
basic  pulse  rate  (L  = 25  pps),  1 
to  the  specific  pulse  rate  (LI  = 25A 
pps),  and  3,874  is  the  time  differ- 
ence (typified  in  Fig.  2). 

External  Appearance 

The  external  appearance  of  a 
typical  airborne  Loran  receiver- 
indicator  type  AN/APN-4  is  shown 
in  Fig.  3.  The  smaller  unit  con- 
tains the  receiver  proper  and  the 
regulated  power  supply.  The  oper- 
ating controls  are  the  radio- 
frequency channel  switch  at  the 
lower  left  (whose  numbers  corre- 
spond to  the  first  digit  in  the  identi- 
fication symbol)  and  the  power 
switch.  The  larger  unit  is  the  indi- 
cator, which  comprises  the  c-r  oscil- 
loscope and  its  associated  timing 
and  sweep  circuits.  The  two  small 
knobs,  upper  left,  control  the  bril- 
liance and  focus  of  the  c-r  trace. 
The  toggle  switch,  upper  right,  in- 
troduces small  changes  in  the  crys- 
tal frequency  and  thus  shifts  the 
pulses  to  left  or  right.  Below  it  is 
the  crystal-frequency  control  knob 
which  is  adjusted  to  bring  the  sweep 
traces  into  exact  synchronism  with 
the  incoming  pulses. 


I 
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FIG.  4 — Block  diagram  of  the  AN/APN-4  receiver.  The  circuits  are  conven- 
tional except  for  the  differential  gain  control  applied  to  the  third  1-f  stage 
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The  operating  controls  just  below 
the  c-r  tube  are  overall  gain,  am- 
plitude balance,  sweep  speed  and 
station  selector.  The  first  controls 
the  height  of  both  pulses  as  they 
appear  on  the  screen,  whereas  the 
second  is  a differential  gain  control 
which  adjusts  the  height  of  one 
pulse  relative  to  the  other,  as  re- 
quired in  the  matching  procedure. 
The  sweep  speed  selector  introduces 
the  successive  changes  illustrated 
in  Fig.  1 and  2.  The  station  selector 
, selects  the  specific  sweep  rates  to 
correspond  to  the  discrete  pulse 
rates  of  the  different  station  pairs. 

The  two  large  knobs  at  the  bottom 
are  left  to  right  the  coarse  and  fine 
controls  which  shift  the  position  of 
the  slave  pedestal  in  the  matching 
procedure.  The  switch  at  the  lower 
right  selects  the  basic  pulse  rate,  L 
for  25  pps  and  H for  334  pps. 
The  various  controls  are  so  ar- 
ranged and  marked  that  a glance 
at  the  settings  gives  the  first  three 
digits  of  the  identification  symbol. 
The  AN/APN-4  weighs  about  65 
’ pounds  and  consumes  about  275 
watts,  400-2,400  cps,  80  or  115  v. 
Several  other  Loran  receiver- 
. indicators  have  been  developed.  The 
DAS-3,  the  basic  equipment  used  by 
' the  Navy  aboard  ship,  is  somewhat 
larger  and  heavier,  and  has  a dif- 
ferent arrangement  of  controls, 
but  is  otherwise  similar  to  the 
AN/APN-4.  It  operates  on  60-cps 
- power.  The  AN/APN-9  is  a more 
recent  version  for  airborne  use.  It 
employs  a three-inch  c-r  tube  and 
non-linear  sweeps  which  make  pos- 
^ sible  a reduction  in  the  number  of 
tubes  in  the  indicator  circuit.  It 
weighs  36  pounds  and  consumes 
about  175  watts,  400-2,400  cps.  The 
method  of  matching  the  pulses  dif- 
fers in  detail,  but  not  in  principle, 
- fr°m  that  described  here. 

Details  of  AN/APN-4  Racalvar 

" The  receiver  of  the  AN/APN-4 
(Fig.  4)  is  8 wide-band  super- 
heterodyne, employing  three  i-f 
fjftf  stages.  The  6SK7  r-f  amplifier  and 
6SA7  mixer-local  oscillator  are  con- 
ventional,  being  tuned  by  a switch 
which  selects  four  channels  at  1,750, 
^ 1>8>0,  1,900  and  1,950  kc.  The 
three  intermediate-frequency  stages 
(type  6SK7  tubes)  operate  at  1,050 
kc,  and  have  a bandwidth  of  approx- 
imately 60  kc  at  the  6-db  (voltage) 
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PIG.  5— Block  diagram  of  toa  AN/APN-4  Indicator.  The  100-kc  crystal  toning 
source  Is  converted  by  counter  circuits  to  25  or  33  W cps  rectangular  waves  which 
control  the  sweeps  and  pedestals 


level.  This  bandwidth  is  somewhat 
narrower  than  the  spectrum  of  the 
transmitted  pulse,  but  permits  re- 
production of  the  pulse  with  the 
shape  shown  in  Fig.  1G,  with  40- 
microsecond  width  at  the  half- 
amplitude points.  A 6H6  diode  de- 
modulates the  i-f  signal  and  trans- 
mits the  pulses  to  the  6SL7  video 
amplifier,  which  feeds  the  indicator. 

The  cathode  of  the  last  i-f  stage 
connects  with  the  indicator  from 
which  is  supplied  a rectangular 
wave  of  voltage  synchronous  with 
the  sweep  traces.  This  rectangular 
wave  passes  through  a cathode- 
follower  stage  and  biases  the  last 
i-f  stage  on  the  negative  half- 
cycles, thus  reducing  the  gain  of 
the  receiver  during  the  formation  of 
one  c-r  trace,  while  allowing  nor- 
mal gain  during  the  formation  of 
the  other  trace.  The  amplitude  and 
polarity  of  the  rectangular  wave 
are  controlled  by  the  amplitude  bal- 
ance control  previously  mentioned. 

Two  high-voltage  supplies  are 
contained  within  the  receiver  hous- 
ing. One  is  a 2,600-volt  low-current 
supply  for  the  cathode-ray  acceler- 
ating electrodes,  arranged  in  two 


sections  of  1,300  volts  each,  above 
and  below  ground.  The  low-voltage 
power  is  supplied  at  260  volts,  ac- 
curately regulated. 

Details  at  AN/APN-4  ladieatar 

The  indicator  circuits  are  illus- 
trated in  the  block  diagram  in  Fig. 
5.  The  basic  timing  source  is  the 
100-kc  quartz  crystal  oscillator. 
Across  the  crystal  is  a small  vari- 
able capacitor  which  permits  small 
adjustments  of  the  crystal  fre- 
quency. From  this  100-kc  source, 
the  sweep  traces  at  25  pps  or  884 
pps  must  be  obtained  together  with 
the  minor  varations  in  these  rates 
corresponding  to  the  different  spe- 
cific pulse  rates  of  the  station  pairs, 
the  derivation  of  the  25  or  334 
cps  wave  from  the  100-kc  source  is 
accomplished  by  a series  of  fre- 
quency-divider circuits.  A total  fre- 
quency division  by  4,000  (in  seven 
steps  of  5,  2,  5,  5,  4,  2,  and  2)  is 
required  to  derive  the  26-cps  rate, 
and  by  3,000  (5,  2,  5,  5,  3,  2,  and  2) 
for  the  334  cps  rate.  The  first  six 
divisions  are  performed  by  counter 
circuits,  the  last  factor  of  2 by  an 
Eccles-Jordan  scale-of-two  circuit. 

Ill 
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FIG.  6 — Firmt  and  second  counter  .tags*  of  the  indicator,  which  divide  the  100-kc 
input  by  5 and  2,  respectively.  Four  additional  counters  are  used  to  introduce 
a total  division  of  4,000  for  the  25-cps  sweep  or  3.000  for  the  33  VS  cps  sweep 


Two  of  the  six  counter  circuits 
are  shown  in  Fig.  6.  The  100-kc 
output  from  the  crystal,  having 
passed  through  a limiter  amplifier, 
is  fed  to  a 6H6  double  diode  so 
connected  that  it  passes  negative 
pulses  to  ground  while  passing  posi- 
tive pulses  to  a capacitor,  and  the 
voltage  across  it  thereby  increases 
in  steps.  When  five  such  steps  have 
been  accumulated,  the  voltage 
across  the  capacitor  has  reached  a 
sufficient  level  to  trigger  the  follow- 
ing circuit,  a 6SN7  blocking  oscil- 
lator. 

The  blocking  oscillator  generates 
one  pulse  and  discharges  the  capaci- 
tor in  the  process,  which  thereupon 
accumulates  five  more  pulses  from 


the  100-kc  source  and  triggers  off 
the  blocking  oscillator  once  more. 
Thus  the  blocking  oscillator  reacts 
once  for  each  five  input  pulses  and 
the  frequency  is  divided  by  five. 

The  output  of  the  blocking  oscil- 
lator is  applied  to  another  double 
diode  which,  like  the  first,  passes 
the  positive  pulses  to  a capacitor 
which  charges  to  the  level  of  two 
steps  and  thereupon  triggers  off  a 
succeeding  blocking  oscillator  (bi- 
ased to  respond  to  two  steps).  In 
all,  six  double  diodes  and  six  block- 
ing oscillators  are  used  in  sequence 
to  introduce  the  divisions  previously 
enumerated. 

The  functions  of  the  Eccles- 
Jordan  circuit  are  numerous.  First, 


the  rectangular  output  constitutes 
the  wave,  previously  mentioned, 
which  provides  differential  gain  con-  i 
trol  of  the  receiver  during  the  | 
formation  of  the  two  traces.  The 
same  wave,  applied  through  a 6SL7 
“trace  separation”  stage  to  the  ver- 
tical deflection  plates  of  the  c-r 
tube,  causes  the  slave  trace  to  be 
displaced  vertically  from  the  master 
trace.  Finally,  the  Eccles-Jordan 
wave,  after  passage  through  appro- 
priate delay  circuits,  controls  the 
formation  of  the  master  and  slave 
pedestals,  as  outlined  below. 

Ecctes-Jerdoe  Clrcitt 

The  Eccles-Jordan  circuit  (Fig. 

7)  is  similar  to  a conventional 
multivibrator,  except  that  the  grids 
and  plates  of  the  two  triode  sections 
are  interconnected  by  conductive 
coupling.  The  circuit  does  not  relai  , 
in  the  usual  fashion  of  a multi-  | 
vibrator,  but  has  two  conditions  of  I 
stable  equilibrium.  The  circuit 
remains  in  equilibrium  until  the 
synchronizing  pulse  is  received, 
causing  the  two  triodes  to  exchange 
polarities  suddenly.  The  circuit , 
remains  in  this  condition  unti; 
another  pulse  causes  a reversal  to 
the  original  condition.  The  sync 
pulses,  as  they  arrive  from  the  last 
counter,  display  negative  as  well 
as  positive  polarity.  These  pulse- 
are  passed  through  a 6SN7  con 
nected  as  a diode,  which  removes 
the  negative  pulses  and  passes  the 
positive  pulses  to  the  Eccles-Jordan 
circuit.  ! 

Other  Factions  of  Coootor  ClresHi 

Several  additional  functions  of 
the  counter  circuits  most  be 
described.  First,  the  countf 
circuits  supply  the  calibration 
marker  pulses.  The  10-esec  mar  ' 
era  are  derived  from  the  lw 
source  directly,  the  50-esec  Pu  ^ 
from  the  first  counter  output 
kc),  500-nsec  markers  from  «» 
third  counter  (2  kc) , and  2,500-*-^ 
markers  from  the  fourth  coun 
(400  cps).  These  markers, 
proper  relative  amplitudes,  are  con' 
bined  in  a mixer  stage  and  app 
to  the  vertical  deflection  P‘a  e_ 
the  c-r  tube.  j 


FIG.  7 — Eccles-Jordan  rectangular-wave  generator  which  divides  by  a lactor 
of  2 and  provides  rectangular  wans  at  25  or  33  Vb  cps  for  controlling  the  swoops 
and  psdsstals 
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The  AN/APN-9  cdr bora*  receiver -indicator. 
The  um  oi  a 3-inch  tub*  and  nonllnaar 
■weepe  reduce*  *iz*  and  weight  to  a lingl* 
unit  weighing  about  3S  pound* 

The  alight  variations  in  the  basic 
pulse  rate  (amounting  to  multiples 
of  0.25  percent  of  the  pulse  rate) 
are  introduced  by  a feedback  con- 
nection from  the  last  counter  stage 
to  the  input  of  the  seconjj  counter 
stage.  Additional  voltage  is 
thereby  supplied  to  the  steps  of 
voltage  accumulating  at  the  input 
of  the  second  counter,  causing  the 
second  counter  to  fire  ahead  of  the 
normal  time  by  a slight  amount. 
This  produces  a corresponding 
small  increase  in  the  final  fre-, 
quency.  The  amount  of  voltage 
fed  back  is  controlled  by  a switch, 
in  eight  discrete  levels.  The  cor- 
responding sweep  rates  are  25, 
25A,  25 no  and  so  on  to  25ft 
sweeps  per  second,  and  similar 
values  for  the  334  rates. 

Finally,  the  counter  stages  are 
used  to  synchronize  the  pedestal 
delay  circuits  so  that  the  master 
pedestal  always  occurs  at  a given 
500-microsecond  marker  and  the 
coarse  delay  control  moves  the  slave 
pedestal  in  500-microsecond  jumps. 

Podostal  Circuit* 

The  pedestal  delay  is  introduced 
hy  a 6SN7  multivibrator  circuit 
triggered  off  by  the  leading  edge  of 
the  Ecdes-Jordan  output  square 
wave.  After  a delay  determined  by 
its  relaxation  time,  the  multi- 


vibrator generates  a pulse  which  in 
turn  controls  the  formation  of  the 
slave  B pedestal.  By  adjusting  the 
resistance  component  of  the  multi- 
vibrator time  constant,  the  delay 
thereby  introduced  may  be  varied 
from  20,000  to  approximately  32,000 
microseconds.  The  corresponding 
positions  of  the  slave  pedestal  are 
directly  below  the  master  pedestal 
and  some  12,000  microseconds  to 
the  right  This  range  covers  the 
values  of  time  difference  to  be  meas- 
ured between  the  incoming  pulses. 

A similar  fixed-delay  multivibra- 
tor causes  the  master  (A)  pedestal 
to  appear  in  a fixed  position  shortly 
after  the  beginning  of  the  master 
trace.  The  output  waves  of  the  A 
and  B delay  multivibrators  are  com- 
bined in  a mixer  and  applied  to  the 
pedestal  generator  which  produces 
short  (150-Mfiec)  square  waves.  On 
the  slow  sweep  (Fig.  1A  through 
1C)  these  waves  are  combined  with 
the  traces  to  form  the  pedestals. 
On  the  fast  sweeps  (Fig.  ID 


through  1G  and  Fig.  2),  the  leading 
edges  of  the  pedestals  are  used  to 
trigger  the  sweep  generator. 

The  sweep  generator  itself  (Fig. 
8)  develops  a linear  sweep  voltage 
by  charging  a capacitor  across  a 
constant-current  series  pentode, 
synchronously  with  the  sweep  con- 
trol voltage  (Eccles-Jordan  output 
for  slow  sweep,  pedestal  generator 
output  for  fast  sweeps) . The  saw- 
tooth deflecting  wave  is  passed 
through  a 6SN7  paraphase  amplifier 
which  develops  two  symmetrical 
sweep  voltages  of  opposite  polarity, 
which  are  applied  to  the  respective 
horizontal  deflection  plates.  The 
cathode-ray  tube  circuits  are  in  the 
main  conventional. 

In  the  concluding  article  of  this 
series,  the  shore-station  equipment, 
including  transmitter  and  radiating 
system,  timer  and  synchronizer,  will 
be  described. — d.g.f. 

Reference 

(1)  The  I.ornn  System.  Part  I,  Elec- 
tronics, p 94,  Nov.  1945. 


FIG.  8 — Sw**p  generator  wMeh  prodwm.  th*  ww-tooth  wot*.  (upp«  l*ft)  lor 
lb*  3"  non  750,  and  200  microsecond  *w**p*  *hown  In  Fig.  1 and  2.  The  6SJ7 
constant-currant  p*nlod.  d.T.lop.  a linear  nap  voltage  b*tw**»  it*  plat* 
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Geophysical 


Electronic  circuits  used  today  include  variable-sensitivity  amplifiers  for  the  recording 
galvanometers,  accurate  time  control  for  the  recorders,  and  time  marking  for  indicating 
the  time  and  depth  of  shot  that  is  fired  to  produce  ground  waves 


By  DAVID  SHEFFET 

Stanolind  Oil  and  Gas  Co. 
Tulsa,  Okla. 


The  oil  industry  relies  heavily 
on  the  electronics  industry 
for  many  products.  In  the  geo- 
physical division  alone  there  is  a 
broad  use  of  electronic  components. 
At  the  present  time  there  is  an 
estimated  annual  expenditure  for 
geophysical  exploration  of  approxi- 
mately four  million  dollars  on  the 
products  of  electronic  manufac- 
turers. Although  this  sum  seems 
small  compared  with  the  astro- 
nomical output  of  manufacturers 


during  the  war,  it  represents  a 
steady  reliable  market  which  is 
not  likely  to  be  reduced  by  the 
advent  of  peace.  On  the  contrary, 
the  persistent  search  for  new  scien- 
tific methods  and  techniques  by 
the  oil  industry  is  likely  to  broaden 
the  demand  for  electronic  compo- 
nents. 

Prospecting  Methods 

Practically  all  geophysical  ex- 
ploration for  petroleum  at  present 


employs  three  basic  methods  of 
prospecting.  These  methods  are 
seismic,  gravimetric  and  magnetic. 
All  three  methods  are  used  by  oil 
companies  in  a complete  explora- 
tion program.  The  gravity  and 
magnetic  methods  are  relatively 
inexpensive  and  fast  in  operation, 
and  are  used  as  reconnaissance 
methods  to  give  a quick  overall 
picture  of  an  area.  They  do  not 
provide  accurate  subsurface  detail, 
but  serve  to  outline  general  limited 


The  recording  equipment  of  the  seismom- 
eter installed  in  the  truck 


The  operator's  panel  includes  terminal  positions  from  seismometer  cables. 
trica!  test  set,  timing  circuits,  amplifiers,  recording  oscillographs,  and  firing  control* 
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Prospecting  Equipment 


Th*  truck  lor  llold  ourroy*  carries  the  recording  equipment.  In  the  background 
is  the  shooting  truck  beside  a geyser  ol  mud  and  water  blown  out  ol  the  hole 
as  an  aftermath  ol  the  shot 


areas  of  interest  which  can  later 
be  more  accurately  delineated  by 
the  seismograph. 

The  gravity  meter  is  an  amaz- 
ingly sensitive  device  for  measur- 
ing the  variations  of  the  force  of 
gravity  with  variation  of  geologic 
structure.  However,  all  of  its  re- 
markable magnifying  properties 
are  obtained  by  means  of  mechani- 
cal and  optical  linkages.  The  elec- 
trical circuits  involved  are  usually 
associated  with  simple  relays  for 
maintenance  of  limited  tempera- 
ture fluctuations. 

The  magnetic  method  involves 
the  use  of  a magnetometer  which  is 
a combination  magnetic,  mechani- 
cal, and  optical  device  for  measur- 
ing the  variations  6f  the  vertical 
magnetic  field  associated  with  geo- 
logic formations. 

Of  the  three  methods,  the  seismic 
method  has  borrowed  the  most  from 
the  electronic  field.  What  is 
usually  known  as  the  seismograph 
actually  is  a system  comprising  a 
large  group  of  earth-type  micro- 
phones, cables,  control  circuits, 
amplifiers  and  a recording  oscillo- 
graph. In  addition,  there  are  voice 


communication  circuits  and  shot- 
firing circuits.  All  this  equipment 
is  used  to  record  the  vibrations 
generated  in  the  earth  by  firing 
a charge  of  dynamite  below  the 
surface.  The  acoustic  waves 
initiated  by  the  explosion  pene- 
trate the  geologic  formations  and 
produce  reflected  waves  at  the 
boundaries  between  different  media 
because  of  sudden  changes  in  elas- 
tic properties  (acoustic  impedance) 
across  the  boundary  zones.  These 
reflected  waves  return  to  the  sur- 
face of  the  earth  and  are  recorded 
so  as  to  indicate  depth  and  dip  of 
the  various  reflecting  horizons. 

Seismograph  Hold  Spread 

In  a seismograph  field  setup,  or 
spread  as  it  is  usually  known,  a 
group  of  24  or  more  seismometers 
(ground-contact  microphones)  is 
placed  on  the  earth  in  a line  either 
running  through  the  shot  point  or 
offset  from  it.  The  exact  arrange- 
ment and  number  of  these  seis- 
mometers and  configuration  of  the 
spread  varies  considerably  between 
companies  and  between  different 
areas  surveyed  by  a given  com- 


pany. As  few  as  12  and  as  many 
as  96  seismometers  have  been  used 
by  some  operators.  The  length  of 
the  spreads  may  vary  from  200 
feet  to  3,000  feet.  It  is  important 
in  any  spread  to  know  the  exact 
distances  between  seismometers 
and  shot  point  because  these  enter 
into  the  final  calculations  of  depth 
and  dip  of  the  subsurface  strata. 

Ampllfiari 

The  seismometers  connect 
through  multiconductor  cables  to  a 
control  and  test  panel  in  the  record- 
ing truck.  This  control  panel  feeds 
the  outputs  of  the  seismometer 
groups  to  a large  number  of  identi- 
cal recording  amplifiers.  These 
amplifiers  connect  to  a multiple 
galvanometer  recording  oscillo- 
graph which  records  the  output 
of  each  channel  on  sensitized  photo- 
graphic paper.  It  is  common  prac- 
tice at  present  to  use  12  or  24 
amplifier  channels  and  a single 
galvanometer  block  in.  the  oscillo- 
graph, which  contains  a corre- 
sponding number  of  recording  ele- 
ments plus  a spare. 

There  are  many  kinds  of  seismic 
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TO  BIAS  RETURNS 
OF  CONTROLLED  GRIDS 
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FIG.  1 — Time-rate  volume  expander  in- 
creases gain  of  amplifiers  after  the  shot 
is  fired 


FIG.  2 — To  record  all  reflected  signals 
at  comparable  amplitudes,  gain  is  con- 
trolled by  a time-rate  expander 
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FIG.  3 — For  maintaining  constant  input 
to  tho  oscillograph,  arc  can  bo  obtained 
from  the  amplifier  output 


FIG.  4 — A loop  containing  an  auxiliary 
amplifier  can  provide  over-  or  under- 
control for  arc 


amplifiers  in  use  by  geophysical 
companies.  Most  of  them  use  auto- 
matic volume  control  or  adjustable 
time-rate  expanders  or  combina- 
tions of  both.  In  seismic  shooting 
the  range  of  input  signal  which 
must  be  recorded  varies  as  much 
as  10,000  to  1,  according  to  the 
area  worked.  This  wide  ampli- 
tude range  must  be  reduced  to  an 
average  range  of  2 to  1 or  better  at 
the  oscillograph,  and  this  must  be 
done  in  a period  that  rarely  ex- 
ceeds four  seconds  and  is  often  as 
short  as  one  second.  The  threshold 
sensitivity  of  the  amplifier  should 
be  adjustable  in  steps  between  one 
microvolt  and  one  millivolt.  This 
requirement  means  that  when 
the  amplifier  is  wide  open, 
any  signal  above  the  threshold 
value  of  one  microvolt  will  operate 
the  automatic  volume  control.  With 
the  gain  reduced  60  db,  signals 
have  to  exceed  the  threshold  of 
one  millivolt  to  operate  the  avc. 
These  are  common  requirements 
today  for  fully  automatic  volume- 
control  systems. 

Preadjusted  time-rate  expanders 
in  which  the  gain  varies  with  time 
are  also  used.  In  this  system  some 
variable  gain  elements  such  as  re- 
mote-cutoff  pentodes  have  their 
bias  set  at  a predetermined  level, 
thereby  reducing  the  amplifier  gain 
to  the  point  where  the  initial  high 


output  of  the  seismometers  after 
the  explosion  is  fairly  well  con- 
trolled. At  a definite  time  after 
the  initiation  of  the  shot,  the  bias 
is  reduced  at  a predetermined  rate 
by  a capacitance-resistance  network 
so  that  the  gain  of  the  amplifier 
increases  while  the  energy  of  vibra- 
tions from  the  earth  is  decreasing. 
It  requires  experience  in  each  area 
to  know  just  what  rate  of  gain 
expansion  is  necessary  to  compen- 
sate for  the  decrease  of  shot  energy 
and  obtain  a uniform  record.  This 
experience  is  not  so  necessary  when 
using  a truly  automatic  volume 
control,  therefore  many  operators 
today  employ  automatic  volume- 
control  amplifiers. 

Gain  Control 

Figure  1 shows  a circuit  of  a re- 
sistance-capacitance expander  net- 
work such  as  is  used  in  the  time- 
rate  expander  system  given  in  the 
block  diagram  of  Fig.  2.  When 
the  switch  is  closed,  capacitor  C 
is  charged  to  a voltage  determined 
by  adjustment  of  i?,.  This  voltage 
plus  B,  is  the  initial  bias  on 
the  grids  of  the  controlled  tubes. 
The  firing  of  the  shot  operates  a 
relay  which  opens  the  switch;  C 
discharges  through  R,  and  R,.  R, 
is  adjustable  so  that  the  rate  of 
gain  increase  can  be  set  to  match 
the  expected  rate  of  decrease  of 


signal  energy.  Battery  B,  repre- 
sents the  final  bias  reached  and 
determines  the  maximum  gain  of 
the  amplifier  when  the  capacitor 
has  discharged. 

One  ingenious  variation  of  the 
time-rate  expander  system  uses 
the  resistance-capacitance  gain  ex- 
pander system,  but  the  resistance 
that  discharges  the  capacitance  is 
not  fixed  during  the  period  of  the 
record.  Instead,  the  resistance 
itself  is  electronically  controlled  by 
the  average  signal  amplitude,  so 
that  the  gain  expansion  rate  is  a 
function  of  the  signal.  This  char- 
acteristic is  like  a one-way  avc  be- 
cause the  .gain  <d  the  amplifier  can 
increase  when  signal  level  de- 
creases, but  cannot  decrease  if 
signal  level  temporarily  increases 
because  the  expander  capacitor  can- 
not recharge  once  it  has  started  on 
its  discharge  cycle. 

In  the  development  of  automatic 
volume  control  for  seismic  record- 
ing, the  problem  at  first  seemed 
simple  because  avc  was  already 
being  used  in  radio  receivers  quite 
successfully.  The  thing  that  made 
it  difficult  was  the  fact  that  the 
major  frequencies  recorded  were 
between  25  and  100  cycles.  In 
radio  receivers  the  stages  con- 
trolled by  the  avc  voltage  operate 
at  several  hundred  kilocycles  or  in 
the  megacycle  range.  The  rectified 
and  partly  filtered  intermediate- 
frequency  voltage  which  supphes 
the  avc  bias  has  no  residual  com- 
ponents that  are  likely  to  be  ampli- 
fied by  the  stages  which  it  controls. 
Thus  there  is  excellent  protection 
against  oscillation  of  the  system 
at  one  of  the  fluctuation  component 
frequencies. 

Avc  Problem 

In  a seismic  amplifier  the  fre- 
quencies amplified  are  so  close  o 
the  highest  equivalent  control  fre- 
quency of  the  avc  voltage  that  it  is 
not  a simple -matter  to  obtain  a 
wide  amplitude  range  of  contro 
with  sufficient  speed  of  contro  an 
still  maintain  stability.  Ttie  "*■' 
in  which  the  rectified  avc  voltag 
is  filtered  is  very  important.  t° 
much  filtering  insures  stability  j1 
reduces  the  rate  of  avc  action, 
some  shooting  locations  this  a®' 
ness  does  no  harm  but  in  o 
the  avc  cannot  follow  the  rap^ 
dynamic  changes  of  the 
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; energy.  Too  little  filtering  pro- 
: duces  instability  which  may  vary 
from  intermittently-appearing  low- 
t:  frequency  rolls  to  continuous  low- 
frequency  oscillation.  It  is  even 
possible  to  get  good  stability  when 
the  shot  energy  is  medium  to  high, 
- but  get  low-frequency  incipient 
oscillations  when  the  signal  input 
■ is  low. 

Not  only  is  the  method  of  filter- 
ing important,  but  the  type  of  vari- 
able elements  controlled  by  the  avc 
voltage  is  equally  important  for 
successfully  attaining  smooth 
dynamic  action  with  dependable 
stability.  The  obvious  control  ele- 
ments are  variable-gain  tubes  such 
as  the  6K7G  or  6U7G.  In  a single- 
ended  amplifier  using  the  signal 
output  to  supply  the  avc  voltage, 
these  tubes  can  be  controlled  over 
a reasonable  range  with  fair 
dynamic  action.  The  avc  voltage 
can  be  applied  either  to  the  control 
grids  or  to  the  suppressors.  When 
applied  to  the  control  grids,  the  fil- 
tering is  usually  more  critical  than 
when  the  avc  bias  is  applied  to  the 
suppressors.  If  the  gain  in  the  avc 
loop  exceeds  unity  at  any  frequency 
where  the  input  and  output  are  in 
phase,  the  system  will  oscillate. 

Figure  3 shows  a block  diagram 
of  a typical  automatic  volume  con- 
trol amplifier.  In  this  figure  the 
preamplifier  i3  a fixed-gain  ampli- 
fier. However,  this  amplifier  may 
■ also  have  its  gain  varied  with  time 
as  shown  in  Fig.  2 or  it  may  be 
included  in  the  avc  loop  along  with 
the  succeeding  stages  of  Fig.  3. 

Another  type  of  avc  that  has 
been  used  is  the  input  type  of  con- 
trol shown  in  block  diagram  in  Fig. 
A In  this  system  there  is  no  feed- 
back of  output  signal  to  be  rectified 
and  filtered  for  avc  bias.  Because 
the  bias  is  generated  by  the  input 
signal  through  a separate  amplifier, 


the  control  action  is  independent  of 
the  output  signal  and  consequently 
it  is  possible  either  to  over-control 
or  under-control  the  output.  It  is 
easily  possible  to  produce  zero  out- 
put with  a large  signal  input  unless 
precautions  are  taken.  One  method 
of  avoiding  this  effect  is  to  let  the 
auxiliary  amplifier  avc  itself  to  a 
small  extent. 

The  advantage  of  this  system  is 
absence  of  possible  feedback  in  the 
controlled  stages  of  the  main  ampli- 
fier and  therefore  reduction  of  the 
amount  of  filtering  necessary  in 
the  avc  filter.  Thus  greater  speed 
of  avc  action  is  possible  with  good 
stability.  The  chief  disadvantage 
of  this  system  is  that  it  requires 
careful  matching  of  tube  character- 
istics between  the  tubes  in  the  main 
amplifier  and  in  the  control  ampli- 
fier. If  the  tube  characteristics 
vary  with  age  it  is  possible  to  get 
both  over-control  and  under-con- 
trol on  the  same  record.  In  the 
feedback  or  output  control  system 
of  Fig.  3 a certain  amount  of  tube 
variation  can  be  tolerated  because 
of  the  self-compensating  character- 
istics of  the  feedback  system.  If 
the  gain  in  the  feedback  loop 
should  change  with  age  or  with 
power  supply  voltage  variation,  the 
worst  that  can  happen  is  a uniform 
gradual  under-control  which  does 
not  show  too  badly  except  at  large 
signal  levels.  It  is  impossible  to 
over-control  with  an  output  control 
type  avc  system. 

Electronic  Variable  Resistor 

A method  of  control  which  is 
very  popular  in  seismic  recording 
makes  use  of  electronic  resistors 
as  a part  of  an  attenuator  pad 
between  amplifier  stages.  The  6H6 
or  7A6  double  diode  can  be  used 
as  an  electronically  controlled  re- 
sistor with  the  avc  bias  voltage 


supplying  the  control.  This  cir- 
cuit is  shown  in  Fig.  5. 

In  a diode  the  plate  is  so  close 
to  the  cathode  that  some  emission 
from  the  cathode  flows  to  the  plate 
without  any  external  voltage  being 
impressed  on  the  plate.  Not  all 
electrons  flow  to  the  plate,  but  there 
are  so  many  of  sufficiently  high 
initial  velocity  that  they  strike  the 
plate  in  great  numbers  and  we  call 
the  result  a high  contact  potential. 
When  no  external  voltage  is  applied 
between  plate  and  cathode,  the  re- 
sultant electron  stream  can  be  used 
as  a low  resistance.  Biasing  the 
plate  negatively  with  respect  to  the 
cathode  reduces  the  electron  flow 
and  increases  the  plate-to-cathode 
resistance.  The  range  obtained 
varies  from  about  1,000  ohms  to 
several  megohms.  It  is  necessary 
to  use  a back-to-back  arrangement 
of  diodes  in  order  to  prevent  dis- 
tortion over  a wide  range  of  signal 
voltages.  It  is  possible  to  use  a 
single  half-wave  diode  over  a 
limited  range  of  signal  levels.  Con- 


FIG.  7 — Circuit  ior  introducing  overlap 
in  the  selemic  record 
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tact  rectifiers  such  as  copper-oxide 
and  selenium  rectifiers  can  also  be 
used  in  a manner  similar  to  vacuum- 
tube  diodes. 

One  of  the  big  advantages  of  the 
diode  system  is  the  fact  that  the 
a vc  voltage  is  applied  to  the  diodes 
in  a balanced  bridge  connection.  If 
the  bridge  is  well  balanced,  any 
residual  low-frequency  component 
in  the  avc  bias  voltage  will  not  ap- 
pear between  the  output  terminals 
of  the  bridge  which  connect  to  grid 
and  ground  of  the  following  stage. 
This  means  that  less  filtering  is  re- 
quired after  the  avc  rectifier  in  the 
diode  control  system.  Therefore,  it 
is  possible  to  obtain  greater  speed 
of  avc  action  for  a given  amplitude 
control  ratio  with  the  diode  system 
than  with  variable-gain  pentodes. 
In  any  system,  the  closer  the  degree 
of  amplitude  control,  the  greater 
must  be  the  gain  in  the  avc  loop 
and  the  more  the  filtering  required 
to  maintain  stability.  Increasing 
the  filtering  reduces  the  rate  of  con- 
trol. 

Methods  of  Applying  Avc 

Another  method  which  is  used  in 
connection  with  diode  resistors  in- 
volves a radio-frequency  link.  A 
radio-frequency  oscillator  drives 
an  amplifier  which  i«  modulated  by 
the  rectified  filtered  avc  voltage. 
The  variable  amount  of  radio  fre- 
quency which  is  controlled  by  the 
signal  output  of  the  main  amplifier 
is  then  applied  to  the  diodes  so  as  to 
change  their  effective  resistance. 
This  operation  can  be  seen  in  the 
block  diagram  of  Fig.  6. 


Still  another  method  which  is  in 
present  use  in  seismic  recording 
dispenses  entirely  with  thermionic 
elements  in  the  controlled  stages. 
Tiny  lamps  are  used  in  a balanced- 
bridge  arrangement  to  control  the 
amount  of  signal  passed  through  the 
amplifier.  The  variation  of  control 
is  obtained  by  applying  current  at 
radio  frequency  (or  any  .frequency 
very  high  compared  with  the  seis- 
mic frequencies)  to  the  tiny  resist- 
ance elements.  The  amount  of  high 
frequency  current  which  is  applied 
is  controlled  by  the  rectified  and  fil- 
tered seismic  frequencies  near  the 
output  of  the  amplifier. 

There  is  considerable  variation 
in  methods  of  overall  control  of  a 
large  number  of  channels.  Some 
companies  prefer  individual  avc 
complete  in  each  amplifier  channel. 
Others  use  a single  master  avc  am- 
plifier which  receives  its  input  sig- 
nal from  the  combined  outputs  of 
several  channels  and  supplies  a form 
of  average  control  bias  equally  to 
all  channels.  Another  method  is  to 
pair  adjacent  channels  and  have  a 
common  avc  amplifier  controlled  by 
the  outputs  of  both  channels  pro- 
duce a common  control  bias  for  both 
channels. 

There  are  many  combinations  of 
simplified  control.  They  have  the 
advantage  of  saving  parts  and 
therefore  space,  weight,  and  cost. 
The  disadvantage  is  in  the  much 
closer  matching  of  control  tube 
characteristics  and  the  necessity 
of  changing  tubes  more  often. 
Where  each  channel  has  its  own  in- 
dependent avc  system,  much  greater 


variation  in  tube  characteristics 
can  be  tolerated.  Variations  with 
use  do  not  show  up  badly  on  the  re- 
cording paper  because  there  is  par- 
tial compensation  for  gain  varia- 
tions when  the  avc  control  bias  of 
an  amplifier  is  a function  only  of  its 
own  signal  output  Another  dis- 
advantage of  master  avc.  systems  is 
in  the  wide  initial  variations  in  sig- 
nal levels  between  different  chan- 
nels on  certain  types  of  long  seis- 
mometer spreads. 

Use  ef  Filters 

In  all  seismic  amplifiers  there 
must  be  a certain  amount  of  tuning 
to  discriminate  against  unwanted 
frequencies  that  mask  the  desired 
seismic  frequencies.  The  desired 
band  falls  between  28  cps  and  100 
cps.  This  band  is  usually  cut  into 
smaller  bands  of  interest  according 
to  the  area  in  which  the  explora- 
tion occurs.  Methods  of  filtering 
vary  considerably  between  com- 
panies. Some  use  fixed  band-pass 
filters  of  the  conventional  variety 
and  some  use  combinations  of  high- 
and  low-pass  filters,  with  both 
upper  and  lower  cutoff  points  ad- 
justable by  front  panel  control. 
Some  use  empirically  shaped  filters 
whose  characteristics  were  deter- 
mined from  years  of  field  experi- 
ence in  many  shooting  areas.  These 
filters  are  unconventional  in  that 
the  slopes  above  and  below  the  cen- 
ter frequency  may  be  widely  differ- 
ent from  each  other. 

It  has  been  found  highly  advan- 
tageous in  many  areas  to  secure 
seismograms  using  different  filters. 


Portion  of  a seismogram.  showing  the  Urns  brook  oi  the  explosion,  the  shot-point  seismometer  break,  and  the  ordrtd  < * 
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FIG.  S — Communication  circuit  for  Bold  noo  pick*  up  oooontiol  information 
of  tho  bloat  itoolf 


Two  or  more  shots  can  be  recorded 
with  different  filter  settings.  Re- 
cently some  operators  have  em- 
ployed two  or  more  sets  of  ampli- 
fiers to  obtain  two  or  more  records 
simultaneously  with  different  filters 
on  the  same  seismogram.  This  prac- 
tice has  the  advantage  of  reducing 
dynamite-  and  other  operating- 
costs.  Twelve  amplifiers  are  used 
for  the  output  of  all  seismometers 
on  the  spread  in  one  filter  setting 
and  twelve  others  in  another  filter 
setting,  known  as  dual  recording. 
Triple  and  quadruple  recording  have 
also  been  used.  Many  times,  infor- 
mation is  gained  from  the  combin- 


ation record  that  would  not  have 
been  evident  from  a seismogram 
secured  with  a single  filter. 

Phase  Distortion  Limitations 

The  amplitude  and  phase  distor- 
tion requirements  in  a seismic  am- 
plifier are  far  more  critical  than  in 
an  ordinary  audio  amplifier.  Seis- 
mic amplifiers  are  designed  to  have 
a certain  type  of  frequency  discrim- 
ination and  with  it  goes  a certain 
unavoidable  amount  of  phase  dis- 
tortion. One  of  the  practical  diffi- 
culties in  making  a large  number  of 
amplifier  channels  is  that  of  mak- 
ing them  all  alike  in  amplitude  and 


phase  response.  In  conventional 
audio  amplifier  work,  listeners  may 
disagree  as  to  whether  two  ampli- 
fiers sound  alike  or  not.  In  seismic 
recording  the  slightest  difference 
between  two  amplifiers  appears  im- 
mediately on  the  seismogram  and 
leaves  no  room  for  doubt.  Ampli- 
fiers are  therefore  carefully  matched 
for  phase  and  amplitude  response. 
No  frequency  component  of  interest 
must  vary  more  than  one-half  of 
one-thousandth  of  a second  in  time 
lag  or  lead  from  the  standard 
adopted.  Because  the  ultimate  data 
used  in  the  computations  are  time 
determinations  secured  from  seis- 
mograms, it  is  important  that  am- 
plifiers have  a minimum  variation 
in  phase  from  one  to  another.  A 
phase  difference  which  causes  a 
time  lag  of  0.001  second  introduces 
an  error  of  approximately  four  to 
eight  feet  in  depth  and  an  even 
more  appreciable  error  in  dip  com- 
putations. 

At  50  cps  the  time  of  one  cycle  is 
20  milliseconds,  so  that  a deviation 
of  one-half  millisecond  represents 
nine  degrees  maximum  tolerance  in 
phase  shift  at  that  frequency.  Be- 
low 50  cps  the  phase-shift  tolerance 
is  even  less.  Customary  laboratory 
practice  is  to  align  amplifiers  for 
phase  and  amplitude  by  comparing 
each  channel  to  the  standard  with 
a common  signal  input  and  each 
output  connected  to  a different  set 
of  oscilloscope  plates.  The  degree 
of  opening  of  the  resultant  ellipse, 
and  its  slope,  is  a measure  of  the 
phase  and  amplitude  variations,  re- 
spectively, between  the  two  chan- 
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nels.  In  the  final  overall  test  the 
galvanometer  camera  is  used  for  a 
simultaneous  check  on  all  channels. 

Seismic  Recording  Practice 

A commonly  used  procedure  in 
seismic  recording  is  to  add  a part 
of  the  voltage  from  one  seismometer 
group  to  the  next  adjacent  group  in 
a specified  direction  of  the  spread. 
This  process  is  referred  to  as  over- 
lap or  compounding,  and  is  used  for 
the  purpose  of  improving  the  rec- 
ord by  accentuating  the  appearance 
of  the  reflected  waves  against  the 
random  noise  background. 

A commonly  used  method  of  elec- 
tronic overlap  is  shown  in  Fig.  7. 
When  the  relay  contacts  are  in  the 
right-hand  position,  each  channel 
except  the  first  one  in  a group  re- 
ceives some  signal  from  the  imme- 
diately preceding  one,  but  from  no 
other  channel.  This  is  mixed  in  the 
common  plate  circuit  with  the  ori- 
ginal signal  of  the  channel  itself. 
When  overlap  is  not  desired,  the  re- 
lay contacts  are  moved  to  the  left 
and  the  two  sections  of  the  twin 
triode  are  in  parallel  for  a single 
signal  source  and  independent  chan- 
nel operation. 

One  of  the  most  important  ele- 
ments in  a seismic  recording  truck 
is  the  timing  system.  Without  an 
accurate  reliable  timing  system  the 
records  would  be  useless  regardless 
of  their  purely  seismic  quality.  All 
computations  of  subsurface  depths 
depend  on  accurate  timing.  The 
heart  of  the  timing  system  is  a tem- 
perature-compensated tuning  fork. 
It  is  common  practice  to  use  a 100- 
cycle  fork  driven  by  a vacuum  tube 
system.  A synchronous  timing  mo- 
tor driven  by  the  100-cycle  voltage 
from  the  fork  oscillator  has  a disk 
mounted  on  it  which  has  slots  cut 
radially.  These  slots  are  spaced  so 
that  they  permit  light  from  a tim- 
ing lamp  to  strike  the  sensitized 
paper  across  its  full  width  in  a nar- 
row beam  every  hundredth  of  a sec- 
ond. One  slot  out  of  ten  is  wider  so 
that  a darker  line  is  placed  on  the 
paper  every  tenth  of  a second.  This 
darker  line  makes  it  much  easier 
for  the  record  computer  to  add  the 
total  time  from  the  beginning  of 
the  record  to  a reflecting  point. 

In  addition  to  knowing  the  exact 
time  interval  between  any  two  tim- 
ing lines  it  is  also  necessary  to 


maintain  the  recording  paper  speed 
constant  so  that  a given  time  inter- 
val on  one  record  will  cover  the 
same  length  of  paper  as  on  any 
other  record.  This  consultancy  is 
essential  if  any  comparison  is  to  be 
made  between  records.  There  are 
several  methods  of  accomplishing 
this  result.  Only  one  method  will  be 
described  here  because  of  its  elec- 
tronic interest.  It  is  used  chiefly 
where  100-cycle  tuning  forks  are 
the  standard  for  timing.  Lower- 
frequency  forks  can  be  used  but 
they  are  bulky. 

The  electric  motor  which  drives 
the  paper  is  usually  a 6-volt  d-c 
motor  because  the  primary  source 
of  power  in  field  recording  trucks 
is  a storage  battery.  In  order  to 
run  this  motor  at  constant  speed  a 
unique  method  has  been  developed 
whereby  the  speed  is  electronically 
controlled  by  the  100-cycle  tuning 
fork.  The  d-c  motor  receives  its 
power  as  usual  from  a 6-volt  storage 
battery,  but  it  is  mechanically 
coupled  to  a small  110-volt,  60-cycle 
synchronous  motor.  This  a-c  motor 
maintains  the  d-c  motor  at  the 
proper  synchronous  speed  although 
most  of  the  driving  power  for  the 
d-c  motor  comes  from  the  storage 
battery.  The  additional  power 
necessary  to  hold  the  d-c  motor  to 
the  proper  speed  is  supplied  by  the 
50-cycle  synchronous  motor. 

In  a typical  installation  a 1/100 
horsepower  synchronous  motor  con- 
trols a 1/30  horsepower  d-c  motor. 
The  precise  60-cycle  power  for  the 
synchronous  motor  is  obtained  from 
the  100-cycle  tuning  fork  through 
an  electronic  frequency  divider 
which  drives  a power  amplifier.  In 
order  to  eliminate  large  power  tubes 
in  this  amplifier  and  their  heavy 
drain  on  storage  batteries,  the 
power  level  is  amplified  only  to  the 
point  where  it  will  drive  the  coil  in 
a tuned  mechanical  vibrator.  This 
vibrator  then  supplies  the  storage 
battery  power  in  accurate  60-cycle 
pulses  which  are  stepped  up  by  a 
transformer  and  smoothed  by  a fil- 
ter before  reaching  the  synchron- 
ous motor,  as  shown  by  block  dia- 
gram in  Fig.  8. 

Commimlcatioe  Circuits 

It  is  important  that  continuous 
communication  be  maintained  be- 
tween the  recording  truck  and  the 
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shooting  truck.  Where  the  distance  I 
between  trucks  on  a spread  is  less 
than  2,000  feet  it  is  convenient  to  I 
use  telephone  lines.  For  greater  dis- 
tance, radio  communication  is  used. 
In  addition  to  voice,  transmission, 
provision  must  also  be  made  for 
transmission  of  the  time  break  (in- 
stant of  explosion)  and  shot  point 
seismometer  first  break.  The  latter 
gives  the  time  of  transmission 
through  the  earth  from  the  position 
of  the  explosive  in  the  hole  to  the 
top  of  the  hole.  Figure  9 shows  > 
typical  two-way  wire  telephone  sys- 
tem and  includes  the  shot  point 
seismometer  and  blaster  time  break 
amplifier  and  cutout  circuit  It  is 
necessary  to  cut  out  automatically 
all  stray  signals  from  the  shot  point 
as  soon  as  the  time  break  and  shot 
point  seismometer  break  have  been 
received  because  these  signals  are 
recorded  through  some  of  the  same 
galvanometer  elements  that  are  be- 
ing used  for  seismometer  groups  on 
the  spread. 

In  radio  transmission  where  am- 
plitude modulation  is  used,  it  is 
often  difficult  to  pick  the  exact 
starting  point  of  the  explosion  time 
break  because  of  static  and  other 
random  noises  in  the  receiver  when 
the  signals  are  weak.  The  explo- 
sion time  break  is  a high-frequency 
pulse  very  similar  to  static.  To  get 
around  this  difficulty,  one  method 
used  is  to  modulate  the  transmitter 
just  prior  to  the  shot  with  a con- 
stant 1,000-cps  tone  which  is  cut 
out  at  the  instant  of  the  explosion. 
The  carrier  is  left  on  an  additional 
length  of  time  in  order  that  the  shot 
point  seismometer  break  can  also 
be  recorded.  In  some  cases  it  is  not 
necessary  to  record  the  shot  pom 
seismometer  break,  so  the  expo- 
sion  time  break  can  be  used  to  cu 
off  the  carrier  and  this  event  re- 
corded at  the  receiving  poi®4  B 
used  as  the  time  break. 


Still  another  method  is  to  start  a 
1,000-cps  modulation  on  the  came 
by  means  of  the  explosion  and  stop 

the  modulation  by  means  of  the  s 
point  seismometer  pulse  arri 
This  system  is  shown  in  detai 
the  diagram  of  Fig.  10  which  * 
the  wiring  at  the  shooting 
In  the  bottom  center  block  the  i 
hand  thyratron  (type  2050)  is 
by  the  explosion  and  °Pe”te‘’r8G 
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isciUator  at  the  lower  right  to  the 
riode  amplifier  in  its  own  en- 
velope. This  amplifier  feeds  the 
nodulator  in  the  transmitter  shown 
n the  upper  right  block.  Shortly 
if  ter  the  1000-cps  modulation  has 
itarted,  the  shot  p4nt  seismometer 
voltage  amplified  by  the  6C8G  in 
;he  lower  left  fires  the  right-hand 
!050  thyratron.  The  relay  in  the 
ihyratron  plate  circuit  grounds  the 
)scillator  output. 

At  the  receiving  truck  the  1000- 
:ps  wave  train  may  be  recorded  in 
its  original  form  or  only  the  envel- 
>pe  may  be  recorded.  The  initiation 
>f  the  wave  train,  or  leading  edge 
jf  its  envelope,  gives  the  time  of 
the  explosion  and  the  trailing  edge 
gives  the  shot  point  seismometer 
arrival  time. 

In  the  lower  left-hand  block  is 
shown  a circuit  which  checks  the 
times  as  transmitted  by  radio 
against  the  original  pulses  directly 


from  their  source.  This  record  is 
used  only  as  a check  against  any 
possible  defects  which  may  arise  in 
process  of  continued  operation.  The 
thyratrons  drive  the  relays  so  hard 
that  the  relay  delay  is  too  small  to 
be  significant.  An  ingenious  method 
of  transmitting  the  two  timing 
pulses  by  means  of  frequency  modu- 
lation while  reserving  amplitude 
modulation  for  voice  communica- 
tion is  described  by  Shook,  Olson 
and  Kerr  in  Proe.  l.R.E.  for  Oc- 
tober, 1944. 

Complete  Recording  Uoits 

The  operator’s  panel  is  built  in  a 
single  rack.  At  the  top  left  is  the 
control  panel  where  all  seismometer 
cables  enter,  and  the  signals  from 
the  various  groups  are  distributed 
to  the  proper  amplifier  channels. 
This  panel  also  includes  means  for 
testing  breaks  or  shorts  to  ground 
in  cables  or  seismometers.  At  the 


top  center  is  located  the  fork  oscil- 
lator system  and  telephone  ampli- 
fier beneath  it.  On  the  right  is  the 
galvanometer  type  recording  oscil- 
lograph, usually  referred  to  as  the 
camera.  In  the  bottom  half  of  the 
rack  there  are  twenty-four  amplifier 
channels.  Each  chassis  contains  two 
channels.  At  the  left  of  the  channel 
array  are  the  master  switches  which 
enable  the  operator  to  select  rapidly 
any  desired  amplifier  characteristics 
before  shooting.  Each  pair  of 
switches  controls  its  corresponding 
row  of  channels.  On  the  right-hand 
side  of  the  amplifiers  are  the  bat- 
tery test  panels  and  master  firing 
controls. 

This  complete  system  is  placed  in 
a truck  for  use  in  rough  country. 
These  trucks  are  designed  to  oper- 
ate in  wooded  or  swampy  sections 
where  they  often  make  their  own 
roads  and  are  able  to  knock  down 
small  trees. 
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FIG.  1 — Block  diagram  oi  an  electronic 
volume-expander  circuit  in  which  the 
rectified  signal  is  used  to  control  gain 

Many  people,  having  listened 
to  volume-expansion  ampli- 
fiers, have  found  them  to  introduce 
undesirable  wows,  gasps,  pops,  or 
just  plain  distortion  in  the  repro- 
duced output.  There  is,  however, 
ample  justification  for  volume  ex- 
pansion in  the  fact  that  a certain 
amount  of  volume  compression  is 
used  in  making  a majority  of  re- 
cordings and  sometimes  in  broad- 
cast work.  In  addition,  the  reduc- 
tion of  amplification  at  low  levels 
helps  to  reduce  record  scratch  and 
background  noise  during  such  pas- 
sages. 

This  paper  represents  the  results 
of  a series  of  experiments  to  find 
the  answers  to  expander  design. 
The  expander  to  be  discussed  is 
the  electronic  type,  wherein  the  sig- 
nal is  rectified  and  the  resulting  d-c 
voltage  is  used  to  control  the  gain 
of  a variable-gain  stage  as  shown 
in  Fig.  1.  There  are  many  other 
ingenious  ways  of  introducing  vol- 
ume expansion,  but  it  is  felt  that 
this  type  provides  the  necessary 
flexibility  for  application  to  varied 
types  of  program  material. 

The  expander  illustrated  in  Fig. 
2 was  developed  in  connection  with 
these  experiments.  It  has  been 
found  to  give  satisfactory  results 
with  a wide  range  of  program  ma- 
terial, and,  even  when  improperly 
adjusted,  it  does  not  have  many  of 
the  undesirable  characteristics  ex- 
perienced with  other  circuits.  The 
complete  circuit  of  the  expander  is 
shown  in  Fig.  3. 

Requirements 

The  design  of  an  electronic  vol- 
ume expander  involves  a number  of 
interesting  problems  beyond  those 
ordinarily  encountered  in  amplifier 
work.  The  variable-gain  stage  must 


operate  at  not  just  one  point  on  its 
characteristic,  but  rather  over  the 
complete  range  of  its  characteris- 
tics without  introducing  distortion. 
The  amplifier  which  feeds  the  rec- 
tifier circuit  must  have  means  for 
adjusting  its  gain  without  any 
audible  indication,  and  this  gain 
must  be  variable  to  suit  the  various 
input  signal  levels. 

Finally,  the  rectifier  must  be  cap- 
able of  rectifying  a complex  a-c 
signal  without  introducing  objec- 
tionable ripple  into  the  signal  cir- 
cuit. Moreover,  the  time  constants 
throughout  the  expander  circuit 
must  be  so  adjusted  that  full  ex- 
pansion can  be  obtained  in  some- 
thing like  5 to  15  milliseconds,  while 
the  time  taken  to  return  to  normal 
gain  is  about  one  second.  By  care- 
ful attention  to  all  of  these  require- 
ments, satisfactory  operation  can 
be  obtained. 

Choice  of  Circuits 

The  variable-gain  stage  is  the 
heart  of  the  expander,  and  its  se- 
lection is  the  first  consideration  in 


design.  Perhaps  the  most  w — 
used  tube  for  this  purpose  ,■ 
6L7,  in  which  the  d-c  bias  J 
on  grid  number  3 controls  thel  5; 
of  the  tube  with  respect  t | 
number  1.  Another  popular 
is  to  use  a variable-mu  tube!  r. 
as  the  6SK7  and  let  the  an 
nn  the  signal  grid  control  m 
A less  common  but  very  i 
ious  circuit  uses  a triode  ti 
one  leg  of  a voltage  divider  fi 
signal.  The  other  leg  is  a fin 
sistor.  By  varying  the  bias  i 
triode,  the  tube  assumes  dill 
values  of  plate  resistance,  and 
there  is  a variation  of  the  re 
signal  voltage  which  is  take* 
across  the  triode. 

Because  of  the  complex  bii 
problems  on  multi-element  I 
and  because  of  the  wide  ram 
tube  characteristics  involved! 
expansion  stage,  many  of  Aw 
cuit  constants  for  that  stage  1 _ ^ 
have  to  be  determined  by  trial! 
error. 

During  experimentation  with  t 
expansion  stage,  circuits  were  H 
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FIG.  2 — Chassis  oi  Ihe  experimental  expansion  amplifier 
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ectronic  volume  expander  provides  full  expansion  of  a wide  range  of  program 
ial  in  about  ten  milliseconds  and  return  to  normal  gain  in  one  second.  The  problems 
ntered,  methods  of  solution,  and  results  of  experimental  work  are  included 


) — Final  circuit  of  the  expansion  amplifier.  The  lettered  controls  are  identified  as  follows:  A-balance;  6-volume;  C-input  level; 

D-expansion;  E-time  constant 


■ed  where  the  input  to  the  con- 
circuit  is  taken  from  the  output 
ie  expanding  stage  rather  than 
input.  This  type  of  circuit 
Id  have  the  advantage  of  reduc- 
the  amplification  necessary  to 
ft  the  control  circuit.  It  was 
nd  to  be  unsatisfactory,  how- 
r,  because  of  dynamic  instability 
sed  by  the  regenerative  action, 
y delay  in  expansion  was  greatly 
•entuated.  Moreover,  since  the 
ltr°l  voltage  was  proportional  to 
1 square  of  the  signal  input,  the 
’ve  ?ain  vs  signal  was  very 
eP  at  higher  levels.  With  one  cir- 
1 Wed,  the  action  of  the  expander 
8 delayed  by  one  or  two  seconds, 
■er  "hich  the  expansion  would 
te  Place  very  suddenly.  The  re- 
d was  that  the  gain  had  no  rela- 
n to  signal  strength  with  a typ- 
Hy  variable  input  signal, 
be  push-pull  circuit  for  the  ex- 
--er  of  Fig.  3 was  selected  after 
,era'  disappointing  experiments 


with  single-ended  circuits.  Not  only 
do  the  latter  have  a tendency  to 
distort  due  to  curvature  of  the 
tube  characteristic,  but  they  also 
are  affected  by  any  residual  rip- 
ple that  may  come  through  from 
the  rectifier.  These  effects  are 
largely  cancelled  out  in  a push-pull 
stage. 

Advantages  of  Push-pull 

Another  advantage,  though  not 
apparent  at  first,  is  the  possibility 
of  avoiding  the  use  of  bypass  ca- 
pacitors. Changes  of  screen  and 
cathode  voltages  in  an  expanding 
stage  are  in  such  a direction  as  to 
oppose  the  change  in  gain  caused 
by  a change  in  grid  bias.  If  the 
cathode  or  screen  voltage  variation 
is  retarded  by  a large  bypass  ca- 
pacitor, it  is  possible  for  the  gain 
of  the  stage  to  increase  before  this 
capacitor  can  change  its  charge. 
When  it  does  charge,  it  pulls  the 
gain  down.  The  result  is  that  the 


amplifier  gain  overshoots  its  final 
mark  and  there  is  a tendency  for 
thumps  to  be  heard  in  the  output. 
Figure  4 is  an  oscillogram  which 
illustrates  this  type  of  transient 
response. 

Effect  of  Transients 

Another  difficulty  inherent  in 
single-ended  circuits  is  the  pos- 
sibility of  introducing  low-fre- 
quency transients  or  thumps  in 
the  output,  due  to  rapid  expander 
action.  Such  transients  are  can- 
celled out  in  a push-pull  stage,  since 
the  control  bias  is  applied  to  both 
grids  simultaneously.  Even  with 
push-pull  operation,  however,  it  is 
still  necessary  to  keep  the  transients 
in  the  output  of  the  individual 
expander  tubes  from  becoming 
so  large  as  to  cut  off  the  fol- 
lowing stage.  This  can  be  accom- 
plished by  transformer  coupling,  a 
special  phase-inverter  tube’,  or, 
as  in  Fig.  3,  through  the  use  of 
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FIG.  4 — This  oscillogram  shows  the 
overshooting  oi  gain  caused  by  a 10-Mf 
eottods  bypass  capacitor  connected 
□cross  a 10, 00 O-ohm  cathode  resistor 


low  values  of  plate  load  resistance 
and  low  values  of  coupling  capaci- 
tors. The  loss  in  low-frequency 
response  is  compensated  for  by  the 
RC  networks  in  the  grid  circuits. 

In  the  control  amplifier  circuit 
of  Fig.  3,  there  are  two  gain  con- 
trols. One  is  used  to  vary  the 
amount  of  expansion,  and  the  other 
compensates  for  major  differences 
in  input  signal  level.  A more  com- 
mon means  of  controlling  expan- 
sion is  the  use  of  a potentiometer 
in  the  rectifier  circuit,  but  this  was 
found  unsatisfactory  because  of 
its  effects  on  the  time  constants 
in  the  rectifier. 

Rectifier  Problems 

TThe  rectifier  with  is  associated 
filter  is  perhaps  the.  most  impor- 
tant section  of  the  .amplifier,  for  it 
is  here  that  the  dynamic- nature  of 
the  entire  unit  is  determined. 
Improper  consideration  of  these 
factors  can  lead  to  serious  volume 
distortion.  The  problem  is  to  get 
an  RC  filter  circuit  which  will  re- 
act very  rapidly  to  impulses  of 
signal,  and  still  eliminate  all  traces 
of  rectifier  ripple  from  the  signal 
circuit.  The  solution  is  to  make 
all  resistors  through  which  the 
capacitors  charge  very  small,  and 
those  through  which  they  dis- 
charge very  large. 

Figure  5 shows  the  type  of  recti- 
fier circuit  to  be  considered,  along 
with  its  equivalent  circuit.  The 
charging  time  is  determined  prin- 
cipally by  the  internal  impedance 
of  the  driving  amplifier,  r,  the 
plate  resistance  of  the  diode,  rt 

J along  with  capacitors  C, 
The  discharge  time  is 
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FIG.  5 — A simple  rectifier  and  filter  cir- 
cuit is  shown  at  the  top.  Its  equivalent 
circuit  shows  the  factors  that  determine 
the  charging  and  discharging  time 


determined  by  resistors  R,  and  R, 
and  capacitors  C,  and  C,.  It  is 
important  also  to  remember  that 
any  other  capacitors  associated 
with  the  expander  circuit  cah 


resistance  between  lie  rainj 
grid  and  ground  should,  if  p 
sible,  be  kept  below  the  tuxifl 
value  specified  for  the  tube  ij 
The  use  of  a cathode-follower  i 
cuit  in  the  driving  amplifier  cd 
of  Fig.  3 makes  the  driver  U 
ance  very  low  and  makes  it 
obtain  a low  charging  time, 
trol  of  the  time  constant  is  obtii 
by  making  resistor  R , in  Fig 
variable. 

Figure  6 shows  an  oscillogr* 
determination  of  the  miaiq 
charging  time  for  the  expand* 
Fig.  3.  A 500-cycle  signal  j 
keyed  into  the  circuit  with  en 
sion  full  on,  the  3000-ohm  J 
resistor  shorted,  and  the  " 
stant  control  set  at  its 
value. 

The  number  of  cycles 
for  64-percent  expansion  itdi 


spa 


FIG.  6 — Oscillogram  showing  ihe  shortest  possible  transient  response  lot  lb 
circuit  oi  Fig.  3.  The  notch  at  the  left  was  caused  by  masking  tape  orr  4« 
stationary  spot  on  the  screen 


affect  the  time  constants. 

Calculation  of  the  exact  time 
'constants  of  a circuit  such  as  that 
of  Fig,  5 is  rather  complex,  but 
the  following  simple  formulas  de- 
veloped by  E.  W.  Kellogg  and  W.  D. 
Phelps2  will  give  the  necessary 
values  closely  enough. 

Charging  time  constant  = 

(r„  + /•„)  C,  + (r,  + r,  + /?,)  C, 
Discharge  time  constant  = 

Rj  Ci  + ( /?,  -f-  F.)  Ct 
Adjustment  of  values  should  be 
made  so  that  the  minimum  charg- 
ing-time constant  will  not  be  over 
15  or  20  milliseconds  and  the  dis- 
charge-time constant  not  less  than 
0.5  second.  In  addition,  the  total 


the  charging-time  constant,  etgB 
milliseconds  in  this  case.  Inprtj 
tice,  the  insertion  of  the  3000-dj 
buffer  resistor  was  found  valuafl 
in  materially  reducing  net® 
ripple.  This  resistor  brought  t* 
time  constant  up  to  12  millisecon“*4 

Siofic  Teit 

Performance  is  determined  1# 
testing  for  change  in  gain.  °r 
pansion,  with  respect  to  coBtJ 
voltage.  For  this  test,  control  *j 
age  is  most  easily  obtained  fn®, 
a battery  and  potentiometer.  • 
gain  curve  for  the  expander  1 
shown  in  Fig.  7.  The  point*  to  hjj 
noted  are  first,  that  the  maxim 
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in  gain  without  distortion 
at  learnt  about  three  times 
, and  second,  that  the  curve 
versus  voltage  should  be 
straight  over  the  range 


mpensate  theoretically  for 
al  compression  character- 
11  of  the  expansion  would 
) take  place  in  the  upper 
(20  percent)  of  the  control 
swing.  This  characteristic 
ter  necessary  nor  desirable, 
e thing,  the  input  level  to 
circuit  would  be  very  criti- 
cessitating  many  readjust- 
of  input  level.  Further- 
this  type  of  curve  can  lead 
esirable  dynamic  character- 
especially  in  connection  with 
ig  time  constants.  This 
ation  will  make  the  expan- 
«ne  on  suddenly,  many  milli- 
after  the  initial  input 
, The  effect  is  difficult  to 
but  it  is  unquestionably 
mt. 

Operation 

_ of  the  amount  of  expan- 
■ the  time  constant  is  com- 
■by  the  fact  that  it  is  prac- 
B impossible  to  detect  the 
^>f  a properly  adjusted  ex- 
There  is  a natural  ten- 
advance  the  expansion 
lto  the  point  where  the 
I of  the  expander  can  be 
lor  if  time  and  effort  have 
ut  into  the  construction  of 
•circuit,  one  likes  to  hear  it 
* As  a matter  of  fact,  the 
wa>’  to  tell  accurately  how  well 
*pander  is  operating  is  to  play 
wne  passage  twice,  once  with 
fflsion  on  and  once  with  it  off. 


i is  only  possible  with  phono- 
?h  records,  for  which  reason 
'rds  are  probably  the  best 
fee  of  program  material  for  one 
) is  learning  to  use  an  expander. 
,Bce  some  experience  has  been 
ned  with  the  expander,  the  two 
11  C(®trols  C and  D,  and  the  neon 
licator  in  Fig.  3 can  be  used  to 
vantage  in  setting  up  the  ex- 
"der  for  operation  with  any  type 
81?nal.  The  resistors  associated 
4 the  neon  lamp  are  so  adjusted 
'arnP  begins  to  glow  when 
: signal  voltage  is  large  enough 
|''ve  the  expander  to  full  ex- 
nsion.  The  level  at  this  point  is 
Justed  by  control  C in  such  a way 
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that  the  lamp  will  blink  at  peaks 
of  modulation.  For  any  radio  sta- 
tion or  record,  this  adjustment  can 
usually  be  made  in  a few  seconds, 
and  it  will  hold  as  long  as  the  same 
input  source  is  maintained.  With 
the  signal  level  in  the  expansion 
control  circuit  so  adjusted,  it  is 
then  possible  to  set  the  second  gain 
control,  D,  in  terms  of  its  own 
panel  calibrations  to  give  the  num- 
ber of  decibels  expansion  desired 
for  the  particular  program  mate- 
rial. 


Typical  Control  Sattiags 

Actual  settings  of  the  expansion 
and  time-constant  controls  will 
naturally  vary  for  different  types 
of  program  material.  Symphonic 
selections  are  perhaps  easiest  to 
expand.  This  type  of  music  will 
take  all  the  expansion  the  amplifier 
can  give,  at  the  shortest  time  con- 
stant, without  any  unpleasant  reac- 
tion. The  only  limit  here  is  the 
point  where  soft  passages  are  too 
soft  to  hear  and  loud  ones  uncom- 
. fortably  loud.  Martial  band  music 
also  falls  into  this  category. 

Dance  music  is  a little  more 
difficult  to  handle,  and  expansion 
should  be  used  cautiously.  The 
time  constant  should  be  short  when 
the  music  is  slow ; but  if  the  music 
is  fast  and  hot,  a long  time  con- 
stant is  required  to  swamp  opt  the 
rapid  volume  impulses  and  prevent 
jerkiness. 

Speech  is  also  difficult  to  handle 
but  expansion  can  still  be  used  to 
advantage  if  it  is  used  sparingly. 
Time  constants  on  speech  should  be 
kept  short  to  preserve  the  natural 
expression.  An  over-long  time 


FIG.  7 — Static  gain  versus  control- 
voltage  characteristic  oi  the  push-pull 
expansion  stage  shown  in  Fig.  3 


FIG.  8 — Variation  in  charging-time  con- 
stant available  with  the  circuit  oi  Fig.  3. 
Minimum  is  shown  at  the  top  oi  the 
illustration,  and  maximum  at  the  bot- 
tom. In  the  canter,  a 60-cycle  trace  is 
given  ior  reference 


TABLE  L RECOMMENDED  EXPANDER 
SETTINGS 


Program  Material 

Expansion 

Tim*  Constant 

Symphonic  Music  l 
Band  Music  • 

Full 

Short 

D*nc«  Music  (slow) 

Medium 

Short 

Organ  Music 

Low 

Sputch  \ 

Dane*  Vocals  1 

Low 

Short 

Swing  Music  (fast)  • 

Medium 

Long 

Operatic  Vocal  Solos 
Instrumental  Solos 

) Not  Recommended 

constant  and  excessive  expansion 
can  lead  to  a very  undesirable 
gasping  or  breathless  effect. 

One  type  of  material  for  which 
expansion  is  not  recommended  is 
a vocal  or  instrumental  solo.  The 
performer  puts  in  his  own  volume 
expression,  and  expansion  will  seri- 
ously distort  it.  The  effect  is  at 
its  worst  when  the  expansion  con- 
trol circuit  has  peaks  in  its  fre- 
quency response  so  that  certain 
notes  are  expanded  out  of  propor- 
tion to  the  rest. 

Table  I indicates  in  convenient 
form  the  expander  settings  recom- 
mended for  various  types  of  mate- 
rial. 

References 
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CRYSTAL-DRIVE 
for  D-C  Amplifie 
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A 1000-cycle  signal  actuates  a rochelle-salt  crystal  that  drives  a 
carbon  button  in  series  with  the  d-c  signal  to  be  amplified.  The 
composite  signal  is  amplified  and  demodulated  at  high  level 


OF  the  many  problems  encount- 
ered in  the  design  of  a sensi- 
tive d-c  amplifier,  one  of  the  most 
troublesome  is  that  of  drift  of  the 
zero-signal  point  due  to  unavoid- 
able changes  -in  supply  voltages, 
circuit  constants  and  tube  char- 
acteristics. One  solution  is  to 
impress  the  d-c  signal  on  a high- 
frequency  a-c  signal  in  such  a 
manner  that  the  resultant  ampli- 
tude of  the  combination  signal  is 
proportional  to  the  instantaneous 
value  of  the  incoming  d-c  signal. 
The  modulated  signal  is  then  am- 
plified and  rectified  at  high  level  to 
obtain  a d-c  voltage  or  current 
proportional  to  the  original  d-c 
signal. 

One  method  of  applying  this 
principle  of  operation  involves  the 
use  of  a mechanical  chopper  which 
periodically  interrupts  the  d-c 
signal  and  applies  the  resulting  a-c 
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Mechanical  details  el  the 
' driver  assembly 


By  JAMES  A.  WILLIAMS 

Xaral  Ordnance  Laboratory 
Washington,  D.  C. 


signal  to  the  input  of  a conven- 
tional a-c  amplifier.  The  principal 
limitation  of  this  method  is  that 
the  highest  frequency  component 
of  the  signal  to  be  amplified  must 
be  low  compared  to  the  chopper 
frequency.  This  is  sometimes  dif- 
ficult to  achieve  because  of  the 
upper  freqency  limit  of  the  vibrat- 
ing or  rotating  mechanical  system 
due  to  mass,  stiffness  and  other 
factors.  Moreover,  considerable 
hash  is  caused  by  the  making  and 
breaking  of  the  contacts  and  this 
limits  the  lower  range  of  signals  to 
be  amplified. 

Construction  of  Driver 

The  device  to  be  described  is  in 
effect  a chopper  which  is  less  sub- 
ject to  the  above  mentioned  limita- 
tions than  the  conventional  dis- 
continuous mechanical  device.  It 
consists  of  a carbon  microphone 
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FIG.  2 — The  essential  units  oi  the 

system 
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button  mechanically  couplf 
rochelle-salt  crystal.  The 
of  coupling  and  mechanidj 
are  shown  in  Fig.  1.  The  i 
unit  is  supplied  excitation 
oscillator  operating  at  a frei 
of  1000  cycles.  It  is  essentif 
the  output  of  the  oscillator 
constant.  This  condition 
tained  by  the  use  of  a thief 
tungsten  lamp  in  toe  cathi 
the  first  stage  of  the  oscillatoi 
The  d-c  signal  to  be  amplif 
applied  to  the  input  transfl 
through  the  carbon  butfJ 
shown  in  Fig.  2.  Conversion  ^ 
d-c  input  to  an  a-c  sij 
complished  by  the  carbon  bJ 
due  to  the  continuous  vM 
of  the  rochelle-salt  crystal] 
which  the  button  is  mechanif 
coupled.  This  actiqn  results 
loss  in  signal  of  about  3 to  1] 
tween  the  d-c  input  and  the 
mary  of  the  input  transformer.^ 
step-up  ratio  in  the  transforwj 
about  30  to  1 compensates  for 
loss  and  results  in  an  overall^ 
of  approximately  10  to  1 betvj 
the  d-c  input  terminals  and 
grid  of  the  first  tube. 

CaUbratlM 

To  permit  accurate  measurem 
of  the  d-c  signal,  means  is  prow 
for  calibration  of  the.  system 
the  introduction  of  an  accurst^ 
known  calibrating  potential 
As  shown  in  Fig.  3.  the  cali  4 
tion  system  consists  of  a 1* 
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: supplied  by  a 1.5-volt  bat- 
ith  a switch  for  reversing 
srity.  The  calibrating  volt- 
J«ars  across  a 2-ohm  resist- 
i series  with  the  input  and 
inuously  adjustable  over  the 
range  of  the  amplifier.  A 
ite  calibration  system  may 
*4  as  shown  to  balance  out 
«ady  d-c  potential  that  may 
*snt  in  the  input. 

>-c  signal  resulting  from  the 
of  the  converter  is  amplified 
three-stage  bandpass  ampli- 
pie  response  of  the  amplifier 
is  flat  within  ±0.5  db  from 
1 1100  cycles,  making  possible 
ration  or  recording  of  signals 
0 to  100  cycles.  This  pass 
®i?ht  be  extended  if  a higher 
le&cy  response  were  desired, 
carrier  signal  is  effectively 
mated  by  a low-pass  filter  hav- 
a cutoff  freqency  of  150  cycles, 
an  attenuation  of  70  db  at  1000 
es'  output  filter  operates 
a 500,000-ohm  load. 
he  input  impedance  of  the  de- 
15  ‘'mited  by  the  carbon  button 
iroand  75  ohms.  This  imped- 


FIG.  4 — The  calibration  voltage  was 
used  as  the  input  signal  to  obtain  this 
curve 


ance  might  be  increased  by  adding 
series  resistance,  with  a conse- 
quent loss  in  voltage  sensitivity. 
A gain  control  and  step  attenuator 
are  included  in  the  amplifier,  to 
provide  for  a wide  range  of  input 
levels. 

Output  Voltage 

In  Fig.  4 is  shown  a linearity 
curve  of  the  over-all  system.  This 
curve  was  obtained  by  using  the 


calibration  voltage  as  the  input 
signal  and  reading  the  output  volt- 
age on  a high-impedance  d-c  meter. 
The  attenuator  was  turned  to  the 
maximum  sensitivity  position  and 
the  gain  control  adjusted  to  give  5 
volts  output  with  an  input  of  10 
microvolts  as  read  on  the  dial  of 
the  calibration  system.  The  curve 
was  repeated  on  each  scale  with  re- 
sults that  deviated  only  about 
three  percent.  The  maximum  out- 
put voltage  obtainable  is  40  volts 
with  an  input  of  20  microvolts. 
This  makes  it  possible  to  calibrate 
the  system  at  any  convenient  out- 
put voltage  up  to  this  value. 

The  instrument  was  used  satis- 
factorily in  making  field  measure- 
ments of  signals  ranging  in  level 
from  2 microvolts  to  30  millivolts 
and  varying  in  frequency  from  0 to 
100  cycles.  No  zero  shift  was  ob- 
served. 

For  use  on  the  high-sensitivity 
range,  it  was  found  necessary  that 
the  input  tube  and  the  crystal 
driver  be  properly  cushioned  to 
prevent  microphonics  and  that  ade- 
quate shielding  be  employed. 
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Curve-Tracer  l 


By  R.  K.  HELLMANN 

Connecticut  Telephone  cf  Electric  Div. 
Great  American  Industries,  Inc. 
Meriden.  Conn. 


Acoustical  devices  such  as  tele- 
, phone  handset  receivers,  loud- 
speakers, and  microphones  are  now 
manufactured  in  accordance  with 
performance  specifications  which 
call  for  a predetermined  output- 
versus-frequency  curve  with  com- 
paratively narrow  tolerance  limits. 
In  order  to  control  production  qual- 
ity it  is  necessary  to  check  the  per- 
formance of  each  unit  produced. 

Among  the  various  methods  of 
recording  a test  curve  the  semi- 
permanent trace  obtained  with  a 
cathode-ray  tube  of  long  screen 
persistence  was  found  the  most 
practical  solution.  A curve  traced 
in  this  manner  with  a relatively 
slow  sweep  can  be  made  visible 
between  3 and  15  seconds,  which  is 
long  enough  to  produce  the  impres- 
sion of  the  complete  diagram,  and 
short  enough  to  cause  no  interfer- 
ence with  a subsequent  curve. 


FIG.  1 — Curve  tracer  includes  these 
units.  Artificial  ear  is  a crystal  or 
capacitor  microphone 
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With  her  tall  hand  th*  operator  hold*  a handeet  receiver  which  i.  tain? 
production  tested  for  frequency  response.  The  belt,  center,  drives  the  0 
synchronize,  it  with  the  c-r  sweep.  Trace  appears  at  top.  Inside  Ug 


The  curve  tracer  described  here 
is  based  on  this  recording  prin- 
ciple. A study  of  the  literature  re- 
veals considerable  previous  work 
in  this  direction,  largely  with  the 
view  of  producing  diagrams  auto- 
matically by  means  of  advanced 
electronic  arrangements,  whereas 
in  the  present  instrument  straight- 
forward circuits  and  methods  are 
used.  However,  the  fact  that  in 
its  present  form  it  has  withstood 
the  rough  treatment  on  the  assem- 
bly line  over  a period  of  five  years 
while  testing  well  over  a million 
units  justifies  this  report. 

Operation  of  the  curve  tracer  is 
shown  in  the  block  diagram  in  Fig. 
1.  The  device  under  test  is  fed  from 
a beat-frequency  oscillator  whose 
frequency  is  varied  by  a mechanical 
drive.  The  same  drive  also  actu- 
ates a potentiometer  which  con- 
trols the  horizontal  deflection  of  the 
luminous  spot  in  the  cathode-ray 
tube.  The  device  under  test  may 
be,  for  instance,  a handset  receiver. 


It  is  coupled  to  an  artificial  ear 
The  output  of  the  latter  is  ampb 
fled,  rectified,  and  applied  to  the 
vertical  deflection  plates  of  the 
oscilloscope. 

Frcqimuy  Sw—P 


he  mechanical  drive  ado* 
omatic  scanning  and  consi* 
a reversible  a-c  motor 
ble  gear  reduction.  On 
v shaft  is  a coupling  den 
ch,  in  the  engaged  position,  c« 
ts  the  motor  drive  by 
a pretensioned  metal  belt  ' 
pulley  on  the  beat-frequent 
illator.  Also  on  the  stow  s 
. cam  which  operates  two  adj  ■ 
e sets  of  contacts, 
figure  2 illustrates  the 
the  drive  circuit.  When 
rting  button  is  Presse ’ iKd 
aature  of  the  motor  is 
ough  the  contacts  of 
■ relay  so  the  motor  moves 
rd,  starting  the  frequency 
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Quality  control  over  full-scale  production  output  of  handset  receivers  is  obtained  through 
the  use  of  a powered-sweep  hfo,  a long  persistence  c-r  tube,  and  suitable  test  fixtures 


When  the  cam  opens  the  adjust- 
able end  contact,  the  holding  relay 
releases  and  reverses  the  motor. 
This  moves  the  beat-frequency 
oscillator  toward  its  starting  fre- 
quency. 

Near  the  rest  position,  a cam- 
operated  switch  opens  the  armature 
circuit  and  stops  the  motor.  If 
the  inertia  of  the  armature  should 
carry  the  cam  beyond  the  range  of 
this  rest  position  a second  contact 
on  the  same  adjustable  arm  closes 
and  makes  the  motor  rotate  in  a 
forward  direction  until  it  comes 
t to  rest  between  the  two  contacts. 
When  the  end  contact  in  the 

ci»  forward  direction  opens,  a quick- 
ie acting  relay  lifts  the  bias  of  the 

**  cathode-ray  tube.  The  bias  is 

normally  sufficiently  negative  to 

blank  out  the  beam.  In  this  manner 
a trace  is  produced  on  the  screen 
only  during  the  forward  sweep. 

Since  current  density  in  the  spot 
and  accelerating  voltage  are  high 
to  make  the  afterglow  of  the  trace 
last  a long  time,  this  precaution 
**  '8  necessary  to  prevent  burning  of 
the  screen  with  a stationary  spot. 

Provisions  are  made  to  operate 
the  drive  and  the  frequency-deter- 
mining potentiometer  by  hand  so 
details  of  the  diagram  can  be  re- 
traced. To  this  end  the  coupling 
device  on  the  slow  motor  shaft  can 
be  pressed  inward  to  disengage  the 
metal  belt  from  the  shaft  of  the 
drive  and  the  associated  cam.  How- 
ever, engagement  with  the  potenti- 
ometer which  controls  the  horizon- 
tal beam  displacement  is  retained. 
When  released,  an  arrangement  of 
spring  pins  relocates  the  oscillator 
control  at  the  starting  frequency 
as  determined  by  the  adjustable 
contact  arm. 

Since  manual  operation  does  not 
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energize  the  holding  relay  the  cut- 
off bias  must  be  lifted  in  that  case 
by  pressing  a button  marked 
‘Manual’. 

Potentials  at  both  ends  of  the 
sweep  potentiometer  can  be  ad- 
justed by  two  separate  controls  so 
the  frequency  range  of  the  sweep, 
as  set  by  the  adjustable  cam  con- 
tacts, can  be  spread  out  to  any 
desired  length  on  the  screen. 

Test  Fixtures  aud  Circuits 

It  will  be  realized  that  the  curve 
tracer  as  a production  testing 
device  is  only  as  practical  as  the 
auxiliary  apparatus  and  ‘ fixtures. 

Figure  3 shows  the  test  fixture 
and  circuit  of  a handset  receiver. 
Since  the  cavities  in  the  molded  cap 
of  the  handset  establish  the  shape 
of  certain  parts  of  the  response 
curve,  the  test  fixture  consists  of 
a handset  with  a special  cap  that 
is  quickly  detachable  by  means  of 
a bayonet  lock.  A spring  holds  the 
unit  against  the  coupler  of  the  arti- 
ficial ear  with  the  prescribed  pres- 
sure of  1 kilogram  and  also  holds 


it  safely  in  the  loading  position. 
The  receiver  under  test  is  con- 
nected to  the  low-impedance  output 
of  the  beat-frequency  oscillator 
through  a resistance  equal  to  the 
nominal  receiver  impedance  at  1000 
cycles,  and  the  voltage  is  adjusted 
at  the  same  frequency  so  1 mw  is 
delivered  to  the  receiver. 

A crystal  microphone  made  by 
Ballantine  Laboratories  and  equip- 
ped with  a coupler  of  approximately 
12  cu  cm  has  been  found  highly 
suitable  for  this  application. 

In  order  to  stabilize  the  receivers 
magnetically  a cam  transfers  the 
receiver  leads  momentarily  to  the 
source  of  stabilizing  current  during 
the  closing  of  the  handset  arm  in 
the  fixture  and  restores  them  to  the 
audio  voltage  just  before  the  re- 
ceiver seats  itself  on  the  coupler. 

A somewhat  more  elaborate  fix- 
ture is  illustrated  in  Fig.  4.  It 
accommodates  the  two  receivers  of  a 
headset  and  is  therefore  equipped 
with  two  artificial  ears.  These  are 
mounted  on  a support  plate  which 
can  be  lowered  by  a foot  lever  for 
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loading.  The  receivers  are  placed 
in  positioning  recesses  in  the  load- 
ing platform.  When  the  pedal  is 
released  the  ears  are  lifted  by  a 
spring  which  presses  their  couplers 
against  the  receiver  units  and  the 
individual  loading  weights. 

When  used  for  testing  high- 
impedance  headsets  of  the  resonant 
type,  this  fixture  is  associated  with 
the  circuit  shown  in  Fig.  5.  This 
was  developed  in  accordance  with 
the  observation  that  sufficiently 
informative  curve-tracer  diagrams 
are  obtained  if  both  receivers, 
coupled  to  their  respective  ear  cavi- 
ties and  connected  in  series,  are  run 
together.  The  output  of  each  ear 
can  be  connected  to  the  curve  tracer 
input  by  means  of  switch  T. 

The  data  to  be  checked  are  the 
frequency  and  amplitude  of  the 
resonance  peak,  its  width  at  6 db 
down,  and  the  impedance  at  peak 
output.  Measuring  the  latter  is  at 
the  same  time  an  insurance  that  the 
output  measurement  in  series  con- 
nection does  not  introduce  errors 
due  to  uneven  voltage  distribution. 
The  test  circuit  can  accordingly  be 
arranged  to  provide  four  conditions 
which  are  selected  by  means  of  a 
3-deck,  4-position  switch,  S. 

After  placing  the  headset  in  the 
fixture  the  operator  proceeds  as 
follows:  position  1 of  the  main 
switch  S is  a calibrating  position. 
Voltage  Et  is  adjusted  at  1000 
cycles  to  a standardized  value,  and 
a fixed  small  fraction  is  fed  directly 
into  the  curve  tracer  input  whose 
gain  is  then  adjusted  against  a 
calibrating  mark  on  the  screen. 


FIG.  3 — -Production  toot  ilxture  dupli- 
cates physical  arrangement  oi  actual 
handset  receiver 


In  position  2,  one-half  of  the 
standardized  input  is  fed  to  the  two 
receivers  in  series  and  the  reso- 
nance peak  is  noted.  Immediately, 
the  curve  is  repeated  with  full  input 
voltage  in  position  3.  The  location 
and  magnitude  of  the  main  reso- 
nance can  be  noted  as  well  as  its 
width  at  a level  6 db  below  the 
peak,  which  will  still  be  visible 
faintly  from  the  trace  taken  in  posi- 
tion 2. 

By  switching  S to  position  4 a 
comparatively  small  measuring  re- 
sistance R is  inserted  into  the  cir- 
cuit and  the  potential  drop  across 
it  connected  into  the  curve-tracer 
input.  The  resulting  curve  repre- 
sents EJR/Z  and  can,  as  R and 
Ei  are  constant,  be  interpreted  in 
terms  of  Z as  a function  of  fre- 
quency. It  is  particularly  con- 
venient. to  read  impedance  at  the 
output  peak  frequency,  which  has 
been  set  as  a specification  require- 
ment. 

When  it  comes  to  testing  high- 
fidelity  receiver  units  whose  output 
level  must  be  kept  within  narrow 
limits  and  is  to  be  determined  in 
terms  of  absolute  sound  pressure, 
the  crystal  microphone  is  no  longer 
used. 

Figure  6 shows  a production  line 
fixture  using  a Western  Electric 
640-A  capacitor  transmitter  with  a 
6-cu-cm  coupler,  preamplifier  and 
power  supply. 

The  fixture  is  combined  with  a 
demagnetizer  which  reduces  the 
initially  fully-charged  receiver  mag- 
net to  a value  indicated  by  the 
curve-tracer  diagram. 


FIG.  4 — Duplex  fixture  tests  two  re- 
ceivers oi  a headset  at  once.  Circuit  is 
shown  In  FI g.  5 


FIG.  S— Headset  receivers  arc  letted  h 1 
urin  tiilntj  th*  production  flxlun  oi 
Fig.  4.  Individual  output*  are  coo- 
nocted  to  the  curve  tracer  by  switch  T 


FIG.  6 — ffigh-ildeUty  receiver-units  vtft 
narrow  limits  are  tested  in  this  fixt'** 
which  combines  a capacitor  microphone 
and  hand-actuated  demognetlssr 


The  U-shaped  laminated  yoke  of 
the  demagnetizer  is  excited  with 
60-cycle  a-c  and  can  be  lifted  by 
means  of  a hand  lever  to  expose  the 
receiver  magnet  to  a stronger  or 
weaker  alternating  field.  In  e 
lowest  position  the  exciting  win 
ing  is  disconnected. 

For  use  with  this  fixture  tie 
standard  curve  tracer  was  modw“ 
slightly.  The  bias  of  the  cathode 
ray  tube  was  adjusted  so  tha 
faint  spot  was  normally  visible 
instead  of  completely  cut-o  . 


itch  mechanism  was  r-- 
th  a detent  at  the  1000-cycle  point 
the  disengaged  (manual)  con 

With  this  arrangement  the  fin* 
it  operation  is  to  set  the  sw 
•quency  by  hand  to  100  cy 
d adjust  the  input  voitoge  ' 
that  the  light  pointer . hl*  n 
ro-db  level  marked  on  the  « 
ee  also  Fig.  7B).  .The 
ltmeter  will  then  indicate,  » 
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pressure  developed  by  the  receiver 
under  test.  By  gradual  demagneti- 
zation, response  can  be  brought 
between  limits  marked  on  the  volt- 
meter dial. 

The  clutch  is  subsequently  re- 
engaged to  the  lower  starting  fre- 
quency and  the  sweep  with  a bril- 
liant trace  is  initiated  by  pressing 
the  starting  button.  The  curve  will, 
of  course,  go  through  zero  at  1000 
cycles  and  therefore  represent 
deviation  from  that  point. 

Screen  Markings 

To  facilitate  rapid  interpretation 
of  the  diagrams  produced  by  the 
curve  tracer,  the  screen  markings 
deserve  special  attention.  Figure  7 
illustrates  three  types  of  markings 
used. 

Lines  and  symbols  are  usually 
drawn  directly  on  the  outside  of  the 
screen.  The  choice  of  a particular 
marking  scheme  depends,  of  course, 
largely  on  the  test  specifications. 
In  Fig.  7A  for  example,  which 
shows  the  pattern  obtained  with 
the  fixture  of  Fig.  3,  it  was  possible 
to  describe  the  tolerances  of  the 
output  curve  simply  by  an  upper 
and  lower  limit.  The  shaded  areas 
were  painted  red  so  parts  of  the 
ordinarily  bluish-green  trace 
changed  to  that  color  as  soon  as 
they  exceeded  the  permissible 
limits.  It  would  be  conceivable  to 
utilize  this  for  an  automatic  rejec- 
tion feature  by  placing  in  front  of 
the  screen  a phototube  which  has 
been  made  selectively  responsive  to 
red  by  suitable  filters. 

The  two  dashed  frequency  lines 
serve  as  calibration  points  for  fre- 
quency adjustment,  and  the  hori- 
zontal markings  serve  for  gain 
adjustment  by  means  of  a standard 
unit. 

In  Fig.  7B,  the  curve  will 
always  go  through  the  intersection 
of  the  1000-cycle  line  and  a zero-db 
horizontal.  Again  a number  of 
calibration  markers  can  be  seen. 
Due  to  higher  accuracy  required 
with  this  test,  the  width  of  the  trace 
had  to  be  considered.  Unless  push- 
PuH  deflection  amplifiers  are  used, 
the  diameter  of  the  luminous  spot  is 
likely  to  vary  from  one  end  of  the 
curve  to  the  other.  If  this  is  the 
case>  the  lines  denoting  the  limits 


should  be  corrected  so  that  the  in- 
terference between  any  part  of  the 
spot  and  the  limit  line  is  not  accept- 
able. To  use  for  this  purpose  the 
imaginary  center  of  the  spot  was 
generally  found  unsatisfactory  in 
practice. 

In  Fig.  7C  still  another  method 
of  marking  is  indicated.  A number 
of  taut  black  wires  are  placed 
across  the  screen  to  denote  such 
values  as  minimum  amplitude  and 
frequency  limits.  This  method  is 
particularly  convenient  for  small 
production  runs. 

Interpretation 

Referring  to  Fig.  7,  a few  typical 
clues  to  production  faults  as  indi- 
cated by  the  curve  tracer  can  be 
seen.  In  the  high-fidelity  receivers, 
Fig.  7A  and  7B,  the  slight  hump 
at  about  2000  cycles  is  controlled 
by  an  acoustical  coupling  resistance 
which  connects  two  cavities  inside 
the  receiver. 

If  this  resistance  is  produced  by 
a piece  of  silk,  its  porosity  must  be 
kept  in  a prescribed  relation  to  the 
volume  of  these  cavities  to  produce 
a flat  response  curve.  Too  little 
porosity  will  result  in  a pronounced 
peak  in  the  curve,  too  much,  in  a 
dip.  If  the  silk  breather  has  come 
loose,  this  is  usually  revealed  by  a 
rake  near  the  top  of  the  hump. 

The  peak  near  the  high  frequency 
end  is  caused  by  acoustical  cavities 
between  the  diaphragm  and  the  ear- 
piece of  the  receiver.  In  this  space 
a moisture  guard  in  the  form  of  a 
thin  diaphragm  is  usually  placed. 
Slackness  of  this  membrane  may 
modify  the  shape  of  this  peak  con- 
siderably and  it  is  therefore  impor- 
tant to  control  its  tension  carefully. 
The  shape  of  output  curve  in  this 
region  reveals  to  the  skilled  oper- 
ator the  nature  of  the  required 
correction. 

In  the  response  curve  shown  in 
Fig.  7C  the  location  and  height  of 
the  resonance  peak  is  influenced 
largely  by  the  condition  of  the  mag- 
netic diaphragm.  One  of  the  com- 
mon faults  indicated  by  a shift  in 
the  resonance  peak  is  distortion  of 
the  seating  surface  caused  by  insuf- 
ficient lapping  or  faulty  clamping. 
The  degree  of  sag  due  to  magnetic 
attraction  determines  the  effective 


air  gap  of  the  receiver  and  is  there- 
fore revealed  in  both  the  output 
and  impedance  curves.  Likewise 
the  degree  of  magnetization  can  be 
determined. 

Obviously  there  are  many  prob- 
lems in  quality  control  of  acoustical 
devices  where  testing  by  the  curve 
tracer  can  be  applied  advantage- 
ously. These  include  production 
testing  of  loudspeakers  and  radio 
receivers.  For  testing  the  latter, 
the  sweep  frequency  generator  can 
be  used  to  modulate  the  signal  gen- 
erator, and  the  demodulated  signal 
as  picked  off  the  voice  coil  of  the 
receiver  under  test  could  be  used 
for  vertical  deflection.  Such  a test 
would  take  only  a few  seconds  but 
might  present  a better  picture  of 
the  audio  performance  of  a receiver 
than  methods  presently  used. 


no.  7 — Three  alternative  types  of 
screen  markings  for  production-line 
evaluation  of  curve-tracer  readings. 
Pattern  at  A has  shaded  area  painted 
red  to  show  plainly  any  deviation  oi 
the  trace  from  established  limits.  Mark- 
ing B has  limit  lines  established  lor 
contact  with  peaks  In  curve.  Taut 
black  limit  wires  are  used  at  C lor  ease 
oi  changing  on  short  runs 
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Machine  Gun 


Rear  view  of  indicator,  designed  for  operation  from  115-volt,  60-cps  power.  Over- 
load relay  operates  if  gun  stops  before  firing  the  full  17  rounds  reguired  to  shut 
off  the  timer 


The  testing  and  qualifying  of 
machine  guns  requires  check- 
ing as  to  rate  of  fire.  Since  these 
measurements  must  be  made  from 
a single  burst  which  lasts  but  a 
Second  or  two,  ordinary  methods  of 
measurement  are  not  adaptable. 

One  system  used  in  practice  em- 
ploys a cycle  recorder  as  a means 


of  comparing  the  time  duration  of 
about  20  rounds  with  a time  base 
(usually  the  60-cycle  line  fre- 
quency), the  rate  being  cal- 
culated from  the  tape. 

The  rate-of-fire  indicator  here 
described  was  developed  to  fill  the 
need  for  an  instrument  which  could 
be  more  conveniently  used  where 
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testing  operations  require  a large 
number  of  measurements  to  be 
made  rapidly.  The  instrument  is 
of  radically  new  design,  is  direct- 
reading  from  600  to  900  rounds  per 
minute,  and  operates  from  the  60- 
cycle  a-c  line. 

Circuit  Principles 

The  instrument  consists  essen- 
tially of  an  electronic  counter, 
timer,  gate  circuit,  vacuum-tube 
voltmeter,  calibrator,  and  voltage- 
regulated  power  supply,  arranged 
according  to  the  block  diagram  in 
Fig.  1. 

The  mechanical  switch  unit  is 
clamped  to  the  top  cover,  directly 
over  the  belt-feed  slide  assemb} 
of  a .50  calibre  machine  gun.  The 
reciprocating  action  of  the  slide 
mechanism  actuates  a Micro-Switc 
to  initiate  generation  of  a saw- 
tooth voltage  pulse  each  time  a 
round  of  ammunition  is  fired,  r" 
ing  of  the  gun  thus  generates  a 
series  of  periodic  saw-tooth  wa« 
forms.  These  are  differentiated 
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TK*.  I — Block  diagram  of  machine  gun  rata-of-fire  Indicator 
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Rate-of-Fire  Indicator 

Electrical  impulses  initiated  by  a mechanical  switch  are  counted  and  timed  by  a series  of 
five  Eccles-Jordan  trigger  circuits  and  the  rounds  per  minute  indicated  directly  by  a vtvm. 
Non-military  production  uses  are  indicated 


into  negative  pulses  of  short  dura- 
tion and  impressed  on  the  grid  of 
the  input  amplifier  to  be  limited  to 
the  proper  amplitude  for  the  trig- 
gering of  the  counter  circuit. 

The  timing  circuit  is  controlled 
by  the  counter  and  its  associated 
gate  circuit  in  such  a manner  as 
to  start  and  stop  the  timing  action 
of  the  timer  according  to  the  time 
required  to  fire  17  rounds.  This 
time  interval  is  thus  a direct 
measure  of  the  rate  of  fire.  A tim- 
ing capacitor  is  charged  for  the 
exact  duration  of  the  counting  pe- 
riod, and  the  resulting  potential 
of  the  capacitor  is  a function  of  the 
charging  time.  This  potential  is 
measured  by  a delayed  vacuum-tube 
voltmeter  which  is  calibrated  to 
read  in  rounds  per  minute. 

Counter  Circuit 

Since  the  primary  requisite  of 
the  counter  circuit  is  to  control  the 

timing  period  of  the  timer  accord- 
ing to  the  rate  of  fire,  the  counter 
cannot  introduce  any  time  error. 
This  is  not  true  with  simple  coun- 
ter circuits  based  on  the  accumu- 
lation principle,  where  the  occur- 
rence of  each  pulse  causes  a capaci- 
tor to  charge  step  by  step  until  a 
predetermined  potential  is  reached 
which  permits  a trigger  tube  to  re- 
spond. Since  the  grid  potential  at 
which  a trigger  tube  responds  is 
never  exactly  constant,  a time  er- 
ror results,  as  illustrated  in  Fig.  2. 

Due  to  the  resistance  of  the  driv- 
ing circuit,  the  voltage  of  a capaci- 
tor cannot  be  changed  instantly. 
Therefore,  the  leading  edges  of  the 
steps  are  not  sufficiently  steep  to 
reduce  error  to  within  an  allow- 
able tolerance.  For  this  reason, 
counter  circuits  based  on  the  trig- 
3er  principle  were  used.  A series 


Front  Ttow  of  maehino  gun  rato-of-Hro  Indicator,  with  mechanical  • witch  that 
-I.n.p.  on  gun  and  cloiM  a circuit  once  for  each  round  of  ammunition  fixed 


of  five  Eccles-Jordan  trigger  cir- 
cuits provides  a counting  ratio  of 
16  to  1. 

The  operation  depends  upon  each 
stage  having  two  conditions  of 
stable  equilibrium.  Every  impulse 
impressed  on  the  input  circuit 
causes  a transition  from  one  state 
of  equilibrium  to  the  other,  two 
impulses  being  required  to  com- 
plete one  cycle.  Each  stage  follow- 
ing the  first  receives  a negative 
triggering  impulse  upon  every  al- 
ternate operation  of  the  preceding 
stage.  Hence,  the  fifth  trigger 
stage,  which  functions  to  control 
the  gate  circuit,  remains  in  one 
state  of  equilibrium  for  the  exact 
duration  between  the  first  and  sev- 


enteenth rounds,  or  16  intervals. 

Any  number  of  rounds  between 
17  and  32  can  be  fired  but  only  the 
first  17  are  counted  and  timed.  A 
reset  switch  is  provided  for  the 
purpose  of  restoring  each  trigger 
circuit  to  its  initial  state  of  equi- 
librium, and  also  to  discharge  the 
timing  capacitor  in  preparation  for 
a firing  test. 

Two  neon  lamps  on  the  front 
panel  (see  photos)  are  connected 
to  the  first  and  last  counter  stages, 
and  serve  as  an  added  check  on  the 
operation  of  the  instrument.  The 
lamp  at  the  right  should  ignite  on 


e views  expressed  herein  are  those  of  the 
thor  and  do  not  necessarily  reflect  the 
ws  of  the  Navy  Department. 
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the  first  impulse  and  not  extinguish 
until  the  17th  impulse,  while  the 
lamp  on  the  left  should  glow  on 
every  other  impulse  from  the  me- 
chanical switch. 

Loctal  type  7N7  tubes  were  used 
in  the  trigger  circuits  since  the 
two  triode  sections  of  this  tube 
have  more  identical  characteristics 
than  those  of  the  equivalent  type 
6SN7  tubes.  The  mutual  conduc- 
tance of  one  section  of  a 6SN7  tube 
is  greater  than  that  of  the  other 
section. 

Timer  and  Gate  Cireelh 

Most  electronic  switching  ar- 
rangements which  suggest  them- 
selves are  not  suitable  for  use  with 
a delayed-bias  vacuum-tube  voltme- 
ter, since  the  timing  capacitor  must 
charge  from  zero  or  its  initial  po- 
tential to  a more  positive  potential 
so  as  to  exceed  the  cutoff  bias  of 
the  vacuum-tube  voltmeter.  If  a 
vacuum  tube  had  been  used  as  the 
switching  mechanism,  a timing  ca- 
pacitor in  the  cathode  circuit  would 
have  been  required  to  obtain  a posi- 
tive rising  potential.  Such  an  ar- 
rangement results  in  undesirable 
leakage  resistance  between  cathode 
and  filament  of  the  tube,  or  between 
the  filament  winding  of  a trans- 
former and  ground,  as  the  case 
may  be. 

These  problems  and  the  accuracy 
required  imposed  special  considera- 
tions for  the  electronic  switching 
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and  timing  circuits,  resulting  in 
the  development  of  the  design 
shown  by  the  schematic  circuit  in 
Fig.  3.  In  principle,  the  zero  bias 
voltage  on  the  grid  of  the  gate  tube 
causes  the  tube  normally  to  con- 
duct, and  the  current  flowing 
through  the  plate  load  resistor  re- 
sults in  a plate  voltage  of  less  than 
the  igniting  potential  of  the  neon 
switch  lamp.  The  potential  of  the 
timing  capacitor  is  zero,  it  having 
been  fully  discharged  during  the 
operation  of  the  reset  switch. 

Upon  firing  the  first  round,  the 
final  trigger  circuit  shifts  its  state 
of  equilibrium,  initiating  a nega- 
tive gate  pulse  which  drives  the 
gate  tube  far  beyond  cutoff.  Since 
the  RC  time  constant  of  the  input 
circuit  is  longer  than  any  interval 
to  be  measured,  the  grid  remains 


FIG.  2 — Characteristics  ot  a conven- 
tional step  counter,  illustrating  time 
error 


cut  off  until  the  end  of  the  gate  ! 
pulse. 

Thus,  the  gate  tube  has  an  out- 
put pulse  with  an  amplitude  ex- 
actly that  of  the  regulated  power 
supply,  as  shown  in  Fig.  4.  This 
voltage  is  applied  to  the  neon 
switch-lamp,  causing  it  to  ignite 
and  start  the  charging  of  the  tim- 
ing capacitor.  The  voltage  of  the 
capacitor  increases  exponentially  at 
a rate  determined  by  the  RC  time 
constant.  ' 

After  the  17th  round  has  been 
fired,  the  final  trigger  stage  rein- 
verts  to  its  initial  state  of  equi-  1 
librium  and  a positive  pulse  is  sud- 
denly applied  to  the  grid  of  the 
gate  tube.  This  reduces  the  plate  , 
voltage  to  a value  below  that  of  the 
extinguishing  potential  of  the  neon 
switch-lamp  and  cuts  off  the  RC 
timing  circuit,  leaving  the  capaci- 
tor with  a definite  charge. 

By  this  time,  the  timing  capaci- 
tor has  charged  to  a potential  more 
positive  than  the  plate  voltage  of 
the  conducting  gate  tube,  resulting 
in  a sudden  reversal  of  voltage 
across  the  neon  switch-lamp  as  it 
extinguishes.  This  reduces  the  de- 
ionization time  and  the  error  which 
would  result  from  an  inconsistent 
deionization  time. 

After  the  circuit  through  the 
neon  switch-lamp  has  been  cut  off, 
the  timing  capacitor  should  retain 
its  charge  over  a reasonable  period 
of  time,  to  prevent  the  meter  read- 
ing from  drifting.  The  extent  to 
which  this  can  be  accomplished  de- 
pends upon  the  leakage  of  the  ca- 
pacitor itself  and  its  associated 
circuit  elements. 

Leakage  currents  were  mini- 
mized by  removing  the  base  from 
the  neon  switch-lamp,  replacing  in- 
sulation of  the  reset  switch  with 
polystyrene,  designing  the  vtvm  to 
have  high  input  resistance,  an 
using  a special  timing  capacitor 
having  very  high  leakage  resin  • 
ance.  Oil-impregnated  capacitors 
are  now  available  with  leakage  re- 
sistance in  the  order  of  20,000  meg 
ohms  per  microfarad.  Such  a loM 
RC  time  constant  makes  possiW 
the  holding  of  the  charge  on  tne 
capacitor  without  loss  of  more  * 
one  percent  in  over  three  minu  s- 

The  main  consideration  in  tn 
vtvm  design  was  to  obtain  a >8 
input  resistance  and  a high  degr 
of  accuracy. 
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A type  6C4  miniature  tube  was 
used  because  its  electrodes  pass 
directly  through  the  glass,  greatly 
increasing  the  insulation  resistance 
as  compared  with  ordinary  tubes. 
Some  input  conductance  also  results 
from  initial  electron  velocities 
emitted  by  the  cathode.  This  was 
reduced  by  operating  the  heater  of 
the  vtvm  at  reduced  voltage. 

Filament  voltage  regulation  of 
the  vtvm  was  found  to  be  advan- 
tageous in  maintaining  meter  cali- 
bration independent  of  line  voltage 
fluctuations,  especially  when  oper- 
ating the  heater  at  reduced  temper- 
ature. 

Ttae-Delay  Vaeeeta-Tebe  Voltmeter 

The  voltage  applied  to  the  tim- 
ing circuit,  the  plate  voltage  of  the 
vtvm,  and  the  delay  bias  voltage 
must  be  well  regulated.  A two- 
stage  cascade  voltage  regulator  is 
used  for  this  purpose.  The  regu- 


lated output  voltage  which  is  ap- 
plied to  the  timing  circuit  is  ad- 
justable plus  or  minus  2.5  percent 
from  the  front  panel.  This  control 
is  provided  for  making  calibration 
adjustments  to  compensate  for  the 
effect  of  temperature  variations  on 
the  timing  circuit. 

The  range  of  the  vtvm  is  deter- 
mined by  the  value  of  the  degener- 
ative feedback  resistance  in  the 
cathode  circuit  and  the  meter  damp- 
ing resistance. 

If  for  any  reason  the  gun  should 
not  completely  fire  the  full  number 
of  rounds  necessary  to  stop  the 
timing  action,  the  timing  capacitor 
would  continue  to  charge  until  the 
grid  potential  of  the  vtvm  ap- 
proached zero.  The  plate  current 
would  then  overload  the  meter.  To 
remedy  this  condition,  an  overload 
relay  is  used  in  the  meter  circuit 
and  operates  when  the  current  ex- 
ceeds full-scale  readings. 


The  meter  scale  is  non-linear  be- 
cause rate  is  an  inverse  function 
of  time.  This  was  also  a reason  for 
using  delayed  bias,  since  the  meter 
would  have  otherwise  read  from  in- 
finity to  600  rounds  per  minute. 

The  divisions  of  the  meter  scale 
are  individually  calibrated.  Cali- 
bration points  were  established  by 
means  of  a variable  low-frequency 
generator  of  known  accuracy.  The 
output  of  this  generator  was  used 
to  operate  a polarized  relay,' the  con- 
tacts of  which  were  connected  to 
the  input  of  the  indicator  in  the 
same  manner  as  the  mechanical 
switch  unit. 

Calibration  Clrcnlt 

The  accuracy  of  the  indicator  is 
greatly  increased  by  means  of  a 
calibration  circuit  which  generates 
pulse-repetition  frequencies  for 
checking  and  adjusting  the  meter 
indication.  The  greatest  accuracy  is 


COUNTER  CIRCUIT  (5  EGCLES-JORDAN  TRIGGER  CIRCUITS) 


:on  LAMP 


CALIB 


[50,000 


HARMONIC  GENERATOR 


TO  VTVM 
TILAMENT 


41  OR  61 
MULTIVIBRATOR 


6- 1 MV8R  STNC  AT  50  CPS 


FIG.  3— Circuit  diagram  of  rate-oi-Iire  Indicator,  capable  ol  Indicating  directly  on  a 
meter  the  rate  of  occurrence  of  any  Industrial  or  other  operation  in  the  range  of  rom 
600  to  900  operations  per  minute.  The  circuit  can  readily  be  adapted  for  other  ranges 
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required  at  750  rounds  per  minute, 
corresponding  to  the  rate  of  fire  of 
.50  calibre  machine  guns.  A multi- 
vibrator is  sychronized  to  generate 
• this  frequency  and  also  600  and 
900  cycles  per  minute  to  check  both 
low  and  high  ends  of  the  meter 
scale.  When  generating  10  or  15 
cycles  per  second,  the  multivibrator 
is  directly  controlled  by  the  60-cycle 
line  frequency,  functioning  as  a 6:1 
or  4:1  frequency-dividing  circuit. 
When  generating  12.5  cycles  per 
second,  the  multivibrator  operates 
at  a 4:1  ratio,  and  is  synchronized 
by  a 50-cycle  source  which  in  turn 
is  controlled  by  the  60-cycle  line 
frequency.  This  is  accomplished  by 
means  of  a harmonic  generator 
which  multiplies  the  line  frequency 
by  five  and  a multivibrator  which 
divides  the  result  by  six. 

The  harmonic  generator  is  ex- 
cited from  the  high-voltage  winding 
of  the  power  transformer,  resulting 
in  a unusually  high  negative  bias 
and  a plate  current  pulse  of  short 
duration.  The  angle  of  plate  cur- 
rent flow  was  reduced  to  less  than 
36  degrees  at  the  fundamental  fre- 
quency so  as  to  cut  oil  the  plate 
current  during  the  first  half-cycle 
of  the  harmonic  output  frequency. 
This  prevents  the  conducting  tube 
from  distorting  the  output  wave 
form,  and  increases  the  tank  cir- 
cuit efficiency  since  part  of  its  en- 
ergy is  not  being  dissipated  through 
the  tube. 

The  output  tank  circuit  is  tuned 
to  300  cycles  per  second.  Since  it 
is  shock-excited  by  the  plate  cur- 
current  pulse  every  fifth  cycle,  a 
periodically  damped  output  wave 
form  results.  This  voltage  is  im- 
pressed on  the  grid  circuit  of  a self- 
excited  oscillator  through  a peak 
limiting  resistor  which  aUo  serves 
as  a grid  leak  resistor.  The  oscil- 
lator is  tuned  to  the  same  fre- 
quency as  the  harmonic  generator, 
and  thus  a synchronized  output 
voltage  of  uniform  amplitude  and 
wave  form  is  obtained. 

This  300-cycle  control  voltage  is 
applied  to  both  plate  circuits  of 
the  6:1  ratio  multivibrator  in 
phase  so  as  to  favor  even  fre- 
quency ratios,  thereby  maintaining 
the  required  frequency  division 
over  wider  limits  of  voltage  varia- 
tion. 

The  output  of  this  50-cycle  mul- 
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FIG.  4 — Timing  action  oi  circuit.  Hate  oMire  to  60  (M-l)  round.  dlrUtod  bf 
the  time  interval 


tivibrator  is  directly  injected  into 
a 4:1  ratio  multivibrator,  via  a se- 
lector switch,  and  12.5  cycles  per 
second  or  750  cycles  per  minute  are 
obtained. 

Power  Sspply 

The  harmonic  generator  and  mul- 
tivibrators were  found  to  stay  in 
synchronization  over  extremely 
wide  limits  of  line  voltage  varia- 
tion, so  no  voltage  regulation  was 
necessary. 

A conventional  rectifier  - filter 
type  voltage  supply  is  provided  for 
operating  the  unit.  The  first  regu- 
lated output  supplies  255  volts  to 
the  counter  circuits  and  the  input 
stage.  A second  regulated  supply 
follows  the  first  and  has  a d-c  out- 
put of  210  volts  which  supplies  the 
timing  stage  and  the  vtvm  stage. 
To  prevent  the  initial  current  surge 
through  the  voltage  regulator  tubes 
when  the  instrument  is  first  turned 
on,  a 5Z4  heater-type  rectifier  tube 
was  selected. 

Although  the  total  current  drain 
on  the  high-voltage  supply  is  only 
66  ma,  a fairly  large  power  trans- 
former was  used  in  order  to  supply 
the  filament  drain  of  4.8  amperes. 

The  voltage-regulated  supply  for 
filaments  has  an  a-c  output  of  ap- 


proximately 5 volts,  which  is  ap- 
plied to  the  vtvm  heater.  Two  type 
VR-75  tubes  are  connected  back-to- 
back  across  the  primary  of  the 
filament  transformer,  and  a resis- 
tor is  connected  in  series  with  the 
line  to  limit  the  peak  voltage  ap- 
plied to  the  transformer.  The  po- 
tential of  the  secondary  winding  » 
75  volts  above  ground,  the  same 
as  the  cathode  bias  of  the  vtvm. 


ladntrlal  Appliertlom 

In  industrial  plants  it  is  often  de- 
sirable to  have  a direct  indication 
of  the  rate  at  which  a punch  press, 
printing  press,  or  other  machine  is 
operating.  The  instrument  de- 
scribed can  be  used  without  change 
for  applications  like  these  if 
action  being  monitored  is  in 
range  of  600  to  900  movements  per 
minute.  The  only  attachment  re- 
quired on  the  machine  is  a si 
switch  that  operates  once  for  eaen 
movement  to  be  counted, 
higher  or  lower  rates,  the  C1 
can  readily  be  modified  and 
meter  scale  calibration  obtein  . 

Other  possible  industrial  appl « 
tions  include  monitoring  0 
tests  and  acceptance  tests  o 
tromagnetic  devices  like  relay 
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FIG.  2 — Experimental  mixer  layout.  The  large  stand-off 
insulator  supports  a three-foot  antenna;  the  small  stand- 
off connects  to  the  antenna  post  of  a conventional  receiver 


Oscillator  Stability 


• Design  of  a simple  mixer  that  permits  heterodyning  an  uhf  oscillator  against  a crystal- 
controlled  multiplier.  The  difference  frequency  is  fed  to  a conventional  receiver  to 

observe  frequency  shift 


Fob  comparing  oscillator  fre- 
quencies by  the  heterodyne 
method,  the  simple  circuit  shown 
in  Fig.  1 has  been  used  with  excel- 
lent results.  The  device  is  used 
with  an  ordinary  all-wave  radio, 
or  better,  with  a communications 
receiver  which  responds  to  the  dif- 
- ference  frequency  of  the  two  oscil- 
lators. Audible  response  is  ob- 
tained by  heterodyning  the  inter- 
mediate frequency  of  the  receiver 


1 — Untuned  mixer  for  comparing  the 
frequency  of  an  nU  oe dilator  with  that 
hf  o crystal -controlled  multiplier.  Terminal. 
1 and  2 may  be  connected  together  if  a 
plate  potential  of  4S  volte  in  used 
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to  a suitable  audio  frequency,  as  in 
c-w  telegraph  reception,  or  by  mod- 
ulating one  of  the  oscillators. 

The  antenna  post  of  the  receiver 
is  connected  through  a capacitor  to 
the  plate  circuit  of  the  mixer 
shown  in  the  diagram.  This  con- 
nection is  made  at  the  binding  post 
on  the  small  stand-off  insulator, 
visible  in  Fig.  2.  The  mixer-unit 
antenna  is  a suitable  length  of 
heavy  wire,  ordinarily  about  three 
feet,  plugged  into  the  larger  stand- 
off insulator. 

Optimum  values  of  external  grid 
bias  for  the  mixer  range  from  2 or 
3 volts  with  100  volts  on  the  plate 
to  zero  at  45  volts  on  the  plate. 
Since  operation  at  the  lower  volt- 
age is  often  quite  satisfactory,  it 
has  been  found  convenient  in  such 
cases  to  connect  terminals  1 and  2 
together  and  to  use  a 45-volt  B 
battery.  The  plate  current  at  this 
voltage  is  about  one  milliampere. 
Grid-leak  bias  might  also  be  used 
at  higher  plate  voltages  by  omit- 
ting the  grid-return  capacitor  and 
adjusting  the  grid  resistor. 

The  oscillator  whose  frequency 
stability  is  to  be  observed  is  oper- 
ated in  the  same  room  with  the 


mixer  (which  is  connected  to  the 
receiver)  and  a crystal-controlled 
frequency  multiplier  that  gives  a 
very  stable  signal  at  about  112  me. 

Operation 

The  oscillator  under  test  is  ad- 
justed to  a frequency  such  that  the 
difference  between  it  and  the  fre- 
quency of  the  crystal-controlled 
multiplier  may  be  tuned  in  on  the 
receiver.  Thus,  if  the  oscillator 
under  test  operates  at  a frequency 
of  100  me,  and  the  receiver  is  capa- 
ble of  detecting  frequency  varia- 
tions of  1 kc,  frequency  instability 
amounting  to  1 part  in  100,000  may 
be  observed.  For  maximum  sensi- 
tivity, the  difference  frequency 
should  fall  in  the  range  of  highest 
resolution  of  the  receiver.  For 
most  receivers,  this  optimum  value 
is  in  the  lowest  frequency  band. 

Since  the  mixer  is  essentially 
untuned,  it  will  respond  to  all  the 
lower  frequencies  used  in  commun- 
ications. Nearby  broadcasting 
stations  may  be  heard  at  almost 
any  setting  on  the  receiver  dial  by 
operating  an  ordinary  test  oscilla- 
tor, adjusted  to  a suitable  fre- 
quency, in  the  vicinity  of  the  mixer. 
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CASE  STUDIES 


During  the  past  two  years,  the 
following  four  production 
problems  were  encountered  and 
solved  in  the  plants  of  four  elec- 
tronic equipment  manufacturing 
companies. 

Problem  No.  1 

The  first  problem  involved  set- 
ting up  the  process  and  increasing 
production  on  four  units  compris- 
ing a uhf  radar  receiver.  It  con- 
sisted of  a mixer-inverter,  power 
pack,  i-f  section,  and  video  sweep 
section  which  were  assembled  on 
separate  lines  and  later  combined 
with  additional  equipment  as  one 
complete  unit  which  moved  first  to 
company  inspection  and  testing  and 
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then  to  Government  inspection  and 
final  test. 

Figure  1 shows  the  floor  layout 
where  the  problem  was  handled. 
Note  the  proximity  of  all  major 
sections  to  each  other.  Resistor 
boards,  cabling,  and  other  sections 
were  set  up  as  subassemblies  and, 
because  of  required  compactness, 
each  was  small. 

Since  the  workmanship  required 
was  very  exacting  and  the  work 
often  inaccessible,  this  was  no  mass 
production  item  comparable  with 


FIG.  I— Production-floor  layout  ior  radar  manuiacture  described  is  the  text 
under  problem  No.  1 


those  found  in  the  three  succeeding 
problems.  Workers  needed  on  as- 
sembly, wiring,  and  soldering  re- 
quired skill  considerably  higher 
than  that  found  in  average  fac- 
tories. Thus  a school  was  main- 
tained separate  from  production. 
There,  every  girl  was  taught  to 
read  resistor  and  capacitor  values, 
wire  stripping,  tinning,  and  all 
types  of  soldering.  Under  the  su- 
pervision of  an  experienced  teacher, 
workers  left  the  school  as  skilled 
mechanics. 

The  first  unit  to  consider  is  the 
converter  section.  The  chassis  it- 
self was  4 x 9 in.  Into  this  small 
space  were  crowded  6 tubes,  5 
jacks,  SO  screws,  44  nuts  and  about 
125  solder  joints,  with  a large  num- 
ber of  other  parts.  To  add  fur- 
ther production  difficulties  the  chas- 
sis was  subdivided  with  panels. 

There  were  two  ways  to  consider 
handling  the  converter  section:  (1) 
having  wires  and  parts  crimped  by 
one  operator  and  connections  sol- 
dered by  another,  or  (2)  having 
each  operator  responsible  for  wir- 
ing and  soldering  a complete  box. 
We  tried  the  latter.  This  job  re- 
quired very  skilled  girls  in  each 
position.  By  the  first  method  we 
could  have  sandwiched  in  fewer  | 
skilled  operators. 

The  first  operator  on  assembly 
had  about  25  solid  parts  to  assemble 
into  the  chassis.  So  a ramp  storage 
shelf  was  built  for  this  position  as 
indicated  in  Fig.  2.  The  ramp  was 
made  of  plywood.  The  boxes  were 
paper  and  nailed  into  the  stand.  In  J 
back  of  each  box  (X)  was  included 
on  a white  paper  strip  pertinent 
information  about  the  parts  in  t e 
box.  This  strip  was  fixed  into  place 
with  transparent  Scotch  tape. 

Good  features  of  the  ramp  weI* 
its  low  cost  and  re-usable  value  an 


the  fact  that  the  supervisor 


could 
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tell  at  a glance  what  parts  or  ha 
ware  were  needed.  The  opera  o 
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OF  PRODUCTION 


Details  of  what  one  engineer  did  to  raise  productivity  in  four  different  plants  manu- 
facturing electronic  gear.  He  shows  how  consideration  was  given  not  only  to  the 
tangible  jigs  and  fixtures  but  also  to  the  more  abstract  factors  of  personnel  relationships 


X typical  electronic  equipment  production  line  In  action 


was  clocked  working  the  same  job 
with  a conventional  type  half-circle 
parts  holder  at  thirty  minutes  and 
with  the  ramp  at  twenty.  Each  box 
was  fixed  so  the  operator  could  fol- 
low only  the  set  routine. 

At  the  start,  the  first  operator 
was  assembling  one  tube  socket 
or  one  part  at  a time.  A jig  was 
devised  which  cost  about  $15.00. 
It  is  shown  in  Fig.  3.  Now  the  oper- 
ator could  assemble  10  parts  at  one 
time.  This  was  done  by  first  as- 
sembling 20  nuts  on  a piece  of  rod, 
then  droppirig  one  into  each  Spin- 


no-  1 — Plywood  ramp  hold*  solid 
Paris  in  storage  lor  assembly.  Iden- 
tta°°iion  Is  1 aliened  In  at  X with  trans- 
parent tape 
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tite.  In  the  same  fashion  a lock- 
washer  is  put  on  top  of  each  nut. 
Then  the  chassis  is  placed  down- 
ward on  the  Spintites,  parts  are  set 
in  place  and  the  screws  threaded 
home. 

On  the  next  assembly  operation 
an  all-purpose  wooden  hardware 
holder  of  the  type  in  Fig  4A  was 
being  used.  Slots  were  made  for 
hanging-in  small  metal  pans,  as  in 
Fig  4B,  when  additional  storage 
was  required  for  small  parts,  and 
a half-circle  group  of  four  wooden 
holders  were  utilized  when  the  as- 
sembly operation  warranted. 

After  the  assembly  section  there 
was  a storage  pen  made  of  shelv- 
ing and  3-in.  pegs  of  wood,  like 
that  in  Fig  5A,  so  the  sets  could 
be  stacked  on  end,  while  single  sets 
were  kept  in  pens  of  the  type  shown 
in  Fig  5B. 

For  the  chassis  wirers  and  sol- 
derers  wooden  holders  were  made 
as  shown  in  Fig.  6.  They  were  made 
so  the  chassis  could  be  reversed 
sideways  for  easier  operation,  and 


the  few  parts  required  were  di- 
rectly in  front  of  the  operator. 
Tacked  up  within  visible  range  was 
a blowup  of  the  operation.  Re- 
sistors, and  sometimes  the  wires, 
were  colored  in  these  diagrams. 

In  complicated  sets  it  is  best  to 
have  a first-inspection  tag  on  each 
chassis  which  means  the  chassis  is 
complete  and  correct  in  every  detail 
including  stencils.  This  particu- 
lar unit  has  i by  A-in.  stencils. 
If  there  is  any  great  quantity  of 
these  it  is  advisable  to  use  tem- 
plates and  a spray  gun.  The  next 


FIG.  3 — Twenty  Splntlte  wrenches  in- 
corporated  into  this  )ig  made  it 
possible  for  an  operator  to  install  ten 
parts  on  a chassis  at  once 
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FIG.  4 — Standard  hardware  holder.  A, 
is  modified  ax  at  B to  giro  extra  space 
lor  small  parts  at  various  positions  on 
assembly  line 

inspection  should  follow  the  assem- 
bly section.  The  tag  on  the  chassis 
will  include  the  repairs  found  nec- 
essary, the  initials  of  the  repairer 
and  the  inspector’s  number.  On 
critical,  compact  work,  if  an  in- 
spection is  not  made  at  this  point 
the  cost  of  repairs  later  is  extreme. 

It  also  lessens  the  work  and  the 
field  of  inspection  of  the  final  in- 
spector and  chances  of  ultimate 
rejection  by  the  government  inspec- 
tors is  much  less. 

In  the  i-f  section,  another  jig  of 
Spintites  was  prepared  for  seven 
tubes  and  jacks.  This  operation  was 
cut  five  minutes  with  the  jig. 
Originally,  each  operator  tried  to 
do  wiring  and  soldering  in  the  i-f 
section  chassis  on  the  table.  A sim- 
ple wooden  holder  was  made  like 
that  illustrated  in  Fig.  7.  This  jig 
held  the  protruding  coil  cans  firmly 
in  place  and  could  be  moved  or  slid 
around  at  will. 

Work  being  in  an  open  chassis, 
things  were  arranged  so  wiring, 
jumpers,  and  resistors  were 
crimped-in  by  operators  and  the 
chassis  was  moved  down  the  line 
for  another  operator  to  solder 
these.  Then  the  next  operator 
would  do  more  crimping  and  an- 
J other  more  soldering.  This  method 

' did  not  require  all  personnel  to  be 

highly  skilled. 

In  order  to  keep  coils  on  the  line 
a bank  of  squares  shown  in  Fig.  8 
was  used. 

For  the  power-supply  section  a 
simple  jig  was  developed  for  mount- 
‘ ing  can-type  capacitors.  The  oper- 

ator inserted  the  can  into  a metal 
holder,  then  pushed  the  bare  chas- 
sis down  and  installed  the  neces- 
sary lockwashers  and  hex  nuts. 

M2 


This  method  saved  about  three  min- 
utes on  each  chassis.  Also,  opera- 
tors will  do  better  work  if  a chassis 
has  a solid  or  firm  foundation 
under  it  while  they  perform  their 
operation. 

In  the  video  section  the  assem- 
bly operator  was  spending  fifteen 
minutes  to  assemble  three  tube 
sockets,  which  had  a fixed  and 
springy  tube  clamp.  An  assembling 
tool,  Fig.  10,  was  made  inexpen- 
sively of  i-in.  tool  rod.  With  this 
tool,  which  cost  about  $8,  the  oper- 


FIG.  5 — Following  assembly,  radar 
chassss  wsrs  stacked  on  end  In  pens 
like  A.  Back  B serves  similar  purpose 
for  a single  unit 


FIG.  6 — Many  wiring  and  soldering 
operations  were  handled  In  ramps  Uke 
this.  Chassis-well  was  made  to  hold 
units  in  several  positions  and  at  proper 
angle  for  light  and  access 

ation  was  cut  from  fifteen  minutes 
to  five  and  a half. 

The  video-section  line  required 
one  operator  to  insert  four  cables 
of  different  sizes  and  colors,  so  the 
holder  of  Fig.  11  was  contrived.  It 
was  made  of  light  wood  and  just 
about  4 inches  short  for  each  cable 
so  the  protruding  cable  ends  could 
be  grasped  easily.  The  highest 
point  was  within  easy  reach  of  the 
operator. 

Some  simple  chassis  holders  were 
made  of  wood.  See  Fig.  12.  With 
this  pitch,  the  most  light  from  over- 
head reached  all  parts  of  the  set. 
The  arrangement  also  prevented 


operators  from  continuously  block- 
ing the  light,  and  from  becoming 
fatigued  by  bending  over. 

Problem  No.  2 { 

The  second  problem  to  be  met 
concerned  production  of  8-tube  re- 
corders, subassemblies  and  assem- 
bly and  wiring  for  uhf  amplifiers 
and  generators.  The  results  were  , 
as  follows:  Recorder  labor  costs 
were  cut  from  $20  each  to  $11. 
Subassembly  labor  time  was  re- 
duced 60  percent.  General  produc- 
tion of  main  assemblies  increased 
70  percent. 

The  floor  section  was  set  up  as 
shown  in  Fig.  13.  Note  that  wire 
cutting  and  cabling  adjoin  and  that 
both  are  close  to  the  production 
sections. 

The  recorder  chassis  was  cum- 
bersome because  side  brackets 
which  can  be  seen  in  Fig.  14,  were 
being  assembled  at  position  one.  A 
chassis  should  be  easy  to  handle  on 
a production  line.  Assembly  of 
brackets  was  changed  to  the  end  of 
the  line. 

Tables  were  covered  with  heavy 
paper  so  the  chassis  could  be  slid 
along  in  an  upright  position.  All 
heavy  wires  were  put  in  first,  close 
to  the  chassis.  Then  jumpers  and 
connections  were  added. 

Supplies  were  prepared  for  solid 
runs  of  50  units  at  a time  and  pro- 
duction stock  control  sheets  were 
kept  up  to  date — weekly  for  an  over- 
all check.  After  a time  check  for 
each  position  the  process  was  se 
so  that  the  assemblers  were  at  leas 
a few  units  ahead  of  the  capacity  o 
the  three  lines. 

In  the  cabling  section,  produ - 
tion  was  increased  25  percent  5 
the  use  of  colored  lines  and  tracers 
to  duplicate  the  cable  proper.  W 
was  on  a large  board  slight  y 
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left  of  each  cabler.  Smaller  cabling 
boards  were  put  on  swivels,  as  seen 
in  Fig.  15.  These  are  easy  to  swing 
yet  they  bind  while  a girl  is  work- 
ing. 

On  resistor  board  subassemblies 
we  cut  labor  time  about  30  percent 
by  using  a small  rack  of  step-up 
shelves  as  shown  in  Fig.  16.  On 
these,  tagged  paper  boxes  were  di- 
rectly in  line  of  vision  of  the  oper- 
ator. Each  box  was  nailed  down  so 
it  could  not  be  moved.  It  was  set  to 
follow  the  process  in  correct  se- 
quence. This  eliminated  lots  of  er- 
rors. Resistors  and  mica  capacitors 
were  handled  the  same  way. 

For  the  wiring  of  resistor  boards 
we  used  two  devices  shown  in  Fig. 
17.  For  a 12-in.  board  wired  on  one 
side,  Fig.  17A  was  used  and,  al- 
though there  was  a slight  spring 
deflection  when  the  girls  wired, 
they  liked  it  because  it  gave  them  a 
sense  of  openness  and  freedom 
while  they  worked.  Another  jig, 
Fig.  17B,  was  used  for  resistor 
boards  from  3i  to  6 in.  in  length. 
Large  resistor  boards  were  divided 
into  three  operations.  First,  crimp 
jumpers,  base  wires,  and  sleeved 
wires;  next,  set-in  wires  and  some 
resistors;  third,  finish  crimping 
and  solder  all  connections. 

Hot  irons  and  carbon  tetrachlo- 
ride fumes  are  not  pleasant,  so 
cleaning  of  solder  joints  was  done 
well  along  at  the  end  of  the  table. 
However,  if  the  solderer  is  taught 
to  hold  her  iron  just  long  enough  to 
get  a clean  finish  on  the  joint,  there 
never  need  be  too  much  rosin  there. 
This  time  factor  depends  on  the 
thickness  of  the  solder,  its  alloy, 
and  the  size  of  the  iron,  and  it  can 
be  determined  by  the  supervisor 
who  makes  a few  practical  tests 
himself.  Thousands  of  connections 
were  made  which  required  no  clean- 
ing. 


FIG.  8 — Bank  ot  squares  was  made  to 
size  for  holding  a supply  of  coils  ai 

their  assembly  point  on  the  line 
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FIG.  9 — Can-type  capacitors  were 
added  to  chassis  with  the  aid  of  this 
kind  of  Jig.  Holders  were  loaded  first, 
then  the  inyerled  chassis  was  dropped 
on  top  and  washers  and  nuts  put  In 
place 

For  the  large  high-frequency  am- 
plifiers and  generators,  each  oper- 
ator had  a little  moveable  stand  as 
illustrated  in  Fig.  18,  with  each  wire 
identified  and  its  ultimate  connec- 
tion shown.  This  was  enclosed  in 
a thin  plastiglass  cover  to  keep  it 
clean.  It  is  advisable  to  make  these 
for  operations  which  exceed  twenty 
connections,  both  to  prevent  for- 
getting over  a weekend  holiday  and 
to  guide  a new  operator. 

Problem  No.  3 

The  third  problem  was  to  im- 
prove production  on  power-supply 
units  used  for  aircraft  high-fre- 
quency transmitters.  Production  of 
190  per  month  was  increased  to  over 
1000  per  month  in  five  weeks  with 
the  labor  force  increased  25  per- 
cent. Production  cost  at  190  per 
month  was  $15.00  each;  at  1000  per 
month,  $4.50  each. 

On  the  mechanical  assembly  line, 
large  terminal  lugs  were  being  re- 
moved from  4-in.  upright  can  ca- 
pacitors and  replaced  with  smaller 
ones.  A girl  was  holding  the  can  in 
her  left  hand  and  using  an  open-end 
wrench  with  the  other.  She  was  do- 
ing about  110  per  eight-hour  day.  A 
simple  fixture  like  that  in  Fig.  19 
was  made  and  fastened  to  the  table. 
The  cans  were  inserted  into  the 
sockets,  leaving  the  girl’s  left  hand 
free.  Two  days  after  the  jig  was 
used  a normal  day’s  run  for  the 
same  operation  was  260  per  day. 

Another  operator  assembling  4 
tube  sockets  into  the  chassis  used 
an  assisting  jig  which  had  an  un- 
steady base.  She  was  doing  25  units 
a day.  The  jig  was  placed  on  a 
wider  paddle  base.  Her  production 
moved  up  to  an  easy  55  per  day. 

An  operator  on  the  assembly  sec- 


FIG.  10 — Special  tool  savsd  914  n 
on  each  unit  In  the  assembly  ol 
tnbe  sockets  and  damps.  Mads 
in.  tool  rod.  it  cost  about  Si 


FIG.  11 — Anglo  shelves  were  ds 
to  hold  lour  dUierenl  cables 
stallatlon  In  chassis.  For  easy 
shelves  were  about  lour  Inches 
than  cables 


FIG.  12 — Angle  ol  pitch  In  this  1 
chassis  holder  Is  such  as  to  o 
good  light  and  a restful  worldr 
ture 
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tion  had  to  assemble  4 No.  8 round- 
head screws  through  a front  panel 
into  4 stop  nuts.  The  foreman  had 
used  5 different  men  and  women  on 
this  job  in  the  course  of  six  weeks. 
Each  one  wound  up  with  a lame 
shoulder  or  a weak  wrist.  Investi- 
gation showed  there  was  no  holding 
jig  for  the  unit  and  that  the  seated 
operator  used  a heavy  14-in.  screw- 
driver. This  operation  was  a bot- 
tleneck. An  operator  could  only  do 
about  30  a day  by  this  method.  A 
heavy  screw  cutting  its  own  thread 
into  a stop  nut  is  hard  work,  after 
the  first  dozen. 

Three  1 by  1-in.  wooden  strips 
were  nailed  on  the  table  to  stop  the 
chassis  from  moving  and  the  oper- 
ator was  supplied  with  an  ordinary 
carpenters’  ratchet  screw  driver. 
There  were  no  more  lame  shoulders 
and  sprained  wrists.  The  practice 
had  been  to  use  an  open-end  wrench 
on  the  inside  of  the  chassis — the 
operator  holding  one  stop  nut  at  a 
time.  The  simple  steel  jig  shown  in 


Fig.  20  was  devised  to  hold  four 
nuts  at  a time. 

Most  of  the  assembly  work  in  this 
particular  case  was  done  by  men. 
There  still  persisted  the  old  buga- 
boo that  a woman  couldn’t  tighten 
up  a screw  and  nut.  The  men,  who 
were  all  too  scarce  anyway,  were 
needed  for  heavier  work  so  we  had 
to  use  women  or  stop  the  job.  There- 
fore, we  taught  girls  who  figura- 
tively never  saw  a screwdriver  be- 
fore how  to  do  a good  job.  They 
listened  and  they  were  shown  how. 

We  got  the  correct  screw  driver 
to  fit  the  particular  screw  slot.  We 
got  them  correct  chairs,  taught 
them  how  they  could  burr  a screw 
and  how  to  avoid  it,  and  showed 
them  how  to  rest  while  they 
threaded  the  screw  and  only  use 
pressure  in  the  last  turn  and  a half. 
Wherever  possible  we  used  a Spin- 
tite  or  a combination  with  a short 
holding  screw  driver.  After  two 
weeks  women  were  producing  more 
than  the  men. 
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Production  of  a five-tube  super- 
heterodyne receiver  was  to  be 
raised  from  70  each  8-hour  day. 
Three  weeks  later  it  was  190-210 
each  day. 

Here’s  how  it  was  done: 

Main  production  lines  were  set 
up  with  other  sections  nearby  as 
shown  in  Fig.  21.  Note  that  ma- 
chines and  heavy  noisemakers  were 
kept  away  from  the  assembly  lines 
and  that  there  are  numerous  stor- 
age spaces  for  sets.  Notice  also  the 
accessible  position  of  the  cage. 

The  chassis  itself  was  about  6 


FIG.  14— Open  side  view  of  record*. 
Parrel  and  chassis  were  joined  with  dds 
brackets  at  the  end  oi  the  line  instead 
ol  at  the  beginning  ad  the  line  to  keep 
fire  chassis  easy  lo  handle 


FIG.  IS— Swirel  boards  lor  wlrt  cab- 
ling turn  easily  but  bind  undor  ptm • 
sure  of  operator's  hands.  A drawing 
of  finished  cable  is  taped  down  os 
board  and  nails  and  cleats  added  to* 
cabler  to  follow 


FIG.  18— For  subassembly  olredhW 

boards,  parts  bones  were  fart"*!" 
position  and  tagged  as  shown, 
location  is  at  eye  IotsI 
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FIG.  17— Holding  )lg  tor  12-in.  wiring 
rMiitor  board  to  shown  at  A.  Operator* 
like  it  because  oi  accessibility.  Double- 
sided  boards  were  wired  in  a fixture 
like  B.  which  ravohrss 


FIG.  18 — Where  an  operation  Includes 
more  than  twenty  connections,  a small 
movable  stand  to  helpful  to  display  a 
■ketch  of  wires  and  connections.  Data 
is  covered  with  sheet  of  transparent 
plastic  to  keefp  it  clean 


FIG.  19 — Fixture  designed  to  hold  can- 
type  capacitors  whild  an  operation  was 
performed  on  the  connecting  lugs.  This 
- arrangement  left  both  hands  free 


/ 


FIG.  20 — Thi*  unit  r«plac*d  an  open- 
end  wrench  for  holding  four  atop  nuts 
bshind  a panel  while  screws  were 
driven  through  with  a carpenters' 
ratchet  screw  driver 

by  11  in.  and  was  set  up  on  a jig 
and  ramp  combination  as  illus- 
trated in  Fig.  22. 

For  assembly  of  the  i-f  coils  and 
the  capacitor  gang  we  used  two 
power-driven  screw  drivers.  These 
wore  on  balanced  pulleys  which 
swing  easily  up  or  down.  With 
these,  production  time  on  this  op- 
eration was  cut  from  4 minutes  to 
1 minute  even. 
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Tube  sockets  were  being  riveted 
by  operators  who  had  not  been 
trained  to  judge  their  foot  pressure 
correctly.  As  a result  they  were  bat- 
tering rivets  and  wasting  lots  of 
motion  and  time.  After  three  days 
of  careful  instruction,  200  units  a 
day  were  rolling  away  from  these 
two. 

After  making  a time  check  of 
each  position,  all  operations  were 
broken  down  to  li  minutes.  Each 
operation  was  simplified.  All  resis- 
tors, wires,  paper  capacitors,  and 
cords  were  pre-cut  to  size. 

An  accurate  metal-on- wood  jig 
was  set  up  for  the  speaker  assem- 
bly and  it  increased  production  200 
percent.  All  operators  had  a good 
supply  of  parts  before  them  at  all 
times. 

One  operator  learned  or  worked 
faster  than  another.  If  she  piled  up 
her  next  neighbor,  these  extra  sets 
were  stored  in  boxes  elsewhere  and 
worked  into  the  line  a few  at  a time 
about  two  weeks  later. 

If  one  operator  was  too  fast  for 
her  operation,  part  of  a slower  op- 
erator’s work  would  be  diverted 
for  her  to  help  out.  Eventually  it 
became  incorporated  into  her  oper- 
ation. This  way  a line  can  be  bal- 
anced. 


All  supplies  were  put  into  fixed 
boxes  on  ramp  stands.  They  were 
so  set  and  filled  that  they  had  to  be 
picked  from  right  to  left  in  an  or- 
der we  believed  to  be  the  best 
method. 

Each  operator  was  encouraged  to 
memorize  every  point-to-point  con- 
nection to  cut  out  waste  motion. 
With  a little  patience  most  of  them 
knew  their  job  thoroughly  after  the 
second  day. 

Problems  with  Psopls 

The  following  are  notes  on  the 
psychological  factors  involved  in 
the  various  projects  which  have 
been  described. 

At  the  plant  involved  in  Prob- 
lem No.  2,  too  many  men  and  women 
were  spending  too  much  time  in 
their  respective  rest  rooms.  It  was 
pointed  out  to  supervisors  and  em- 
ployees, tactfully,  that  a longer  and 
more  healthful  life  would  be  in- 
duced at  the  work  tables  than  in 
smoke-filled  rooms. 

For  a week  or  two,  a few  work- 
ers who  were  lagging  were  shifted 
every  few  days  to  give  them  a 
sense  of  shortlived  security.  It 
worked  wonderfully. 

Indifferent  supervision  in  the 
past  had  resulted  in  a loss  of  any 
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feeling  of  responsibility  by  the 
workers.  So  we  had  to  prove  to 
them  that  what  they  did  was  final. 
Repair  work  was  not  brought  back 
to  them  on  the  production  line. 

In  order  to  get  the  first  girl  on 
wiring  and  soldering  to  spark  the 
line,  a few  were  tried  at  this  posi- 
tion until  one  was  found  who  could 
feed  the  line  more  than  it  could  ab- 
sorb. 

During  overtime,  assemblers  were 
taught  how  to  solder.  It  paid  divi- 
dends when  other  lines  were  in  dire 
need  of  first-rate  solderers. 

Changes  in  the  production  line 
were  not  made  during  the  first  few 
days.  This  time  was  devoted  to  ob- 
servation and  notes  were  made 
away  from  the  tables. 

The  changes  which  did  result 
were  made  slowly  and  carefully — 
either  one  or  two  things  at  a time. 
Where  lines  have  to  continue  oper- 
ating to  maintain  a minimum  quota, 
any  change,  no  matter  how  small, 
must  first  be  approved  by  the  op- 
erator. She  must  be  sold  the  idea, 
otherwise  the  foreman  or  en- 
gineer will  meet  the  proverbial 
stone  wall. 


FIG.  22 — Chassis-holding  jig  and  parts 
ramp  wars  comb  In  od  in  this  unit  tor 
assembly  oi  five-tube  receivers.  Nate 
soldering  iron  in  support  at  right 

It  is  usual  for  the  average  assem- 
bly section  to  move  with  the  same 
tempo  as  the  wiring  and  soldering 
section  which  follows.  At  plant  No. 
3,  however,  time  was  of  the  essence. 
Simply  to  add  operators  was  out  of 
the  question.  We  couldn’t  get  any. 
The  big  problem  was  to  have  oper- 
ators do  60  sets  a day  where  they 
had  been  doing  20. 

So  the  assembly  section  alone  was 
kept  working  overtime  the  first, 
week.  The  units  were  loaded  on 
trucks  and  kept  right  at  the  head 


PEOPLE  in  PRODUCTION 

A worker  must  be  kept  interested  in  her  job,  no  matter  how  smell  or  monotonous. 
She  must  feel  she  is  contributing  an  important  pert  of  the  entire  job. 

Each  worker  should  understand  the  part  the  completed  unit  plays  in  the  final 
function  of  the  gear. 

A production  line  crew  should  work  as  a team.  Each  individual  must  depend 
on  the  others.  It  is  surprising  how  this  one  element  will  cut  absenteeism. 

If  possible,  workers  should  be  arranged  so  neighbors  are  friendly,  without  the 
estremes  where  cliques  are  formed.  In  the  event  one  girl  slows  up  or  is  absent, 
her  two  neighbors  will  absorb  her  work  for  a day  or  so. 

Contingent  on  maintenance  of  production,  encourage  word  games,  charades, 
etc.  Tests  show  production  is  usually  increased. 

The  most  effective  way  to  keep  women  workers  from  spending  too  much  energy 
talking  is  to  have  amplified  recorded  music.  Tempo  of  inter-mised  popular  and 
classical  records  should  vary. 

It  is  a good  practice  to  shift  workers  around  on  the  same  production  line. 
Thus  each  one  gets  to  know  three  or  four  operations  and  can  fill  in  during  an 
emergency  when  others  are  ebsent. 

Workers  must  respect  the  foreman,  whether  they  like  him  or  not. 

Race,  color,  end  religious  belief  need  cause  no  friction  if  competition  between 
groups  is  eliminated. 

It  is  a good  point  for  the  foreman  or  even  top  management  to  sit  down  once 
in  a white  and  work  on  the  line.  Not  too  productive.  But  fine  for  morale. 

Get  operators  to  give  their  work  a quick  visual  inspection  before  passing  it  on. 
it  takes  a few  seconds  but  often  saves  more  by  keeping  rejects  out  of  inspection. 
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of  the  table  for  the  wiring  and 
soldering  section.  There  they  stood 
in  plain  view  for  all  to  behold. 

Combined  with  this  spur  to  activ- 
ity was  the  excellent  co-operation 
of  the  first  wirer  who  fed  the  line 
at  a rate  of  60  a day. 

One  man  was  appointed  as  a ma- 
terial expeditor.  His  duties  re- 
quired a visit  with  each  foreman 
twice  a day.  It  was  his  job  to  act 
as  liaison  between  production,  stock, 
and  purchasing.  This  arrangement 
kept  the  foremen  at  their  respective 
lines.  This  man  saved  everybody 
lots  of  leg  work,  and  his  appoint- 
ment was  well  worth  the  cost 

Frequently  we  were  short  of 
parts.  When  this  happened,  the  un- 
finished units  were  not  allowed  to 
clutter  up  the  tables.  They  were 
kept  on  trucks,  shelves,  or  under 
the  table,  but  never  in  direct  sight 
of  the  workers.  Later,  when  the 
parts  were  received,  the  unfinished 
units  were  fed  into  the  line  without 
interrupting  the  continual  produc- 
tion pace. 

In  plant  No.  4 one  problem  was 
to  sell  the  operator  who  wired  and 
soldered  tube  filament  wires  on  the 
idea  of  producing  200  a day  where 
she  had  been  doing  70.  She  was 
asked  to  operate  for  a day  as  a 
guinea  pig  in  time  study.  She  prac- 
ticed some  of  the  suggestions  she 
was  given.  Because  of  a desire  to 
impress  us,  she  cut  down  on  mo- 
tions, and  her  daily  production 
gradually  moved  up  to  200  a day. 

An  attempt  was  made  to  inter®! 
the  people  on  the  line  in  daily 
quotas.  After  a week  each  line  was 
competing  with  the  other  to  gai" 
that  quota.  To  spur  this  on,  hourly 
figures  were  posted  in  four  spot* 
on  the  production  line.  This  wa; 
the  operators  were  being  P*c 
hourly  to  avoid  spurts  in  pr  :: 
tion. 


When  an  operator 
had  similar  rejective  work,  it  *' 
brought  back  for  her  to  repair,  i" 
way  she  learned  to  avoid  the  sa 
errors.  . . 

Each  worker  was  required  . 
learn  her  job  from  memory, 
iously  they  had  spent  20  Perce°  , 
their  time  looking  at  the  samp 
Each  knew  the  difference  e 
what  was  acceptable  and  w » 
not.  They  were  shown  concrej 
amnios  of  each  kind,  good  an 
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Operating  theory,  circuit  analysis,  and  design  considerations  of  a highly  sensitive  null 
indicator  for  a-c  bridges.  Stability  and  ruggedness  are  adequate  for  checking  product 
quality  in  manufacturing  plants.  Nulls  are  indicated  by  a 6E5  electron-ray  tube 


Exterior  of  the  electronic  a-c  qahranometer.  showing  hooded  indicator  tube  and 
operating  controls.  The  indicator  bias  knob  at  the  right  has  an  associated  on-off 
■witch  for  115-y,  60-<ryclo  a-c  power.  Tubes  and  other  components  are 
accessible  after  removal  of  bottom  plate 

By  ARTHUR  L.  QUIRK  aid  HENRY  B.  HALL 
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USE  of  headphones  as  a balance 
detector  for  a vacuum-tube 
bridge  is  generally  unsatisfactory 
in  a manufacturing  plant  or  its  lab- 
oratories due  to  a high  noise  level. 
The  electronic  a-c  null  indicator  to 
be  described  provides  high  effective 
sensitivity  for  this  purpose  by  a 
combination  of  two  factors — high 
optical  sensitivity  and  high  elec- 
trical sensitivity.  It  also  consti- 
tutes a more  satisfactory  method  of 
detecting  balance  of  an  impedance 
bridge  used  to  check  incoming  elec- 
trical components. 

If  balance  of  the  bridge  is  to  be 
precisely  determined  it  is  almost 
invariably  necessary  to  determine 
an  increment  of  minute  value.  For 
easiest  optical  detection,  which  in 


turn  means  greatest  accuracy,  the 
incremental  angle  must  be  as  large 
a fraction  as  possible  of  the  initial 
angle.  This  condition  is  realized 
with  an  initial  angle  of  zero  de- 
grees. In  another  sense,  this  ar- 
rangement produces  what  might  be 
regarded  as  optical  amplification. 

ladlcator  Circuit  Requirements 

In  a type  6E5  electron-ray  tube, 
a negative  voltage  of  the  order  of 
7.5  volts  must  be  applied  to  the  tri- 
ode  grid  to  cause  eye  closure  (zero 
shadow  angle),  as  shown  in  Fig.  1. 
Inspection  of  the  characteristic  of 
this  tube  shows  that  as  the  grid- 
cathode  voltage  is  varied  from  zero 
to  approximately  minus  7.5  volts, 


corresponding  to  shadow-angles  of 
90  and  0 degrees  respectively,  the 
cathode  current  undergoes  but 
slight  change.  This  fact  permits 
the  use  of  a cathode  resistor  to  pro- 
duce operating  bias. 

Balance,  as  applied  to  an  a-c 
bridge,  is  frequently  a relative 
term,  since  many  times  complete 
balance  is  not  secured ; in  fact,  the 
nearest  approach  to  a complete  null 
may  represent  a minimum  signal 
of  some  magnitude.  Under  such 
circumstances  the  balance  indicator, 
to  be  satisfactory,  must  be  suffi- 
ciently flexible  to  permit  two  major 
accomplishments,  detection  of  a 
very  small  signal,  and  detection  of 
a very  small  change  in  a relatively 
large  signal.  The  first  of  these  is 
required  to  take  care  of  practically 
complete  bridge  balance,  while  the 
second  is  necessary  to  cover  the 
more  common  case  in  which  the 
residual  signal  is  comparatively 
great.  With  proper  handling  of  the 
controls,  however,  balance  can  be 
just  as  sharply  displayed  for  a 
residual  signal  as  for  a virtually 
perfect  bridge  balance. 

The  detection  of  a small  signal 
imposes  two  basic  requirements.  In 
the  absence  of  signal  the  eye  must 
be  closed,  but  not  overlapped.  This 
requirement  is  easily  met  by  bias 
voltage  developed  across  the  6E5 


FIG.  1 — Shadow  angle  t»  grid  voltage 
and  corresponding  change  In  cathode 
current  lor  a type  SES  tube  used  In  the 
circuit  shown 
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FIG.  2 — Indicator  and  rodlHor  circuit 

cathode  resistor,  which  is  prefer- 
ably made  variable.  The  second  re- 
quirement is  that  the  electrical 
sensitivity  be  high,  and  this  is 
satisfied  by  a high-gain  a-c  ampli- 
fier which  in  this  instance  is  tuned 
to  1,000  cycles. 

Signal  Rnctlfinr  and  Low-Part  Filter 

A signal  rectifier  and  a low-pass 
filter  are  interposed  between  the 
amplifier  output  and  the  grid-cath- 
ode circuit  of  the  indicator,  as 
shown  in  Fig.  2.  The  filter  is  needed 
to  secure  sharp  edges  on  the  eye 
opening,  since  any  rapid  variation 
of  indicator  grid-cathode  voltage 
would  produce  fuzzy  edges.  Ob- 
viously the  filter  has  a longer  time 
constant  than  is  necessary  to  elim- 
inate a 1,000-cycle  ripple,  but  this 
arrangement  helps  minimize  lower 
frequency  a-c  components  such  as 
120  cycles.  A still  longer  time  con- 
stant would  be  desirable  from  the 
standpoint  of  removing  60-cycle 
ripple,  but  if  the  filter  is  made  any 
larger  the  indicator  becomes  very 
sluggish.  The  chosen  values  seem 
to  represent  a good  compromise. 

The  signal  rectifier  is  so  con- 
nected that  the  d-c  output  voltage 
acts  in  opposition  to  the  initial  bias. 
As  noted  above,  the  bias  remains 
nearly  constant  for  shadow  angles 
from  0 to  90  degrees,  and  the  small 
change  is  in  a downward  direction. 
Since  it  was  a decrease  in  net  grid- 
cathode  voltage  which  produced 
this  change  the  circuit  is  slightly 
regenerative,  thereby  causing  a 
small  increase  in  sensitivity. 

Faactlea  of  Rectifier  Clrcait 

The  6H6  has  a non-linear  resist- 
ance characteristic  in  terms  of  the 
polarity  of  an  applied  potential,  so 
that  if  the  plate  is  positive  with 
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respect  to  the  cathode  the  resist- 
ance is  relatively  low,  while  with 
reversed  polarity  the  resistance  is 
very  high.  If  the  shunt  resistor 
has  a value  sufficiently  high  com- 
pared to  the  forward  resistance  of 
the  diode,  the  parallel  combination 
will  exhibit  a marked  difference  in 
resistance  between  potentials  of 
opposite  polarities. 

The  diode  V,  and  resistor  R,  in 
Fig.  2 constitute  the  major  por- 
tion of  the  load  on  the  1,000-cycle 
amplifier.  This  means  that,  if  the 
diode  is  neglected  for  the  moment, 
an  alternating  potential  will  ap- 
pear across  R%.  When  the  bottom 
end  of  R,  is  positive  the  diode  will 
conduct  and  offer  low  resistance. 
On  the  next  half  cycle  the  diode 
plate  is  negative  with  respect  to 
its  cathode  and  will  not  conduct, 
thereby  exhibiting  high  resistance. 
Since  the  driving  source,  the  last 
amplifier  stage,  is  a high-imped- 
ance device,  it  follows  that  the 
amount  of  voltage  developed  across 
its  load  is  a function  of  the  load 
impedance. 

A low-impedance  load  thus  devel- 
ops a low  voltage,  while  a high-im- 
pedance  load  develops  a high  volt- 
age, so  the  top  end  of  R,  will 
average  positive  with  respect  to  the 
bottom  end.  It  is  this  voltage  which 
after  being  filtered  is  applied  be- 
tween grid  and  cathode  of  the  in- 
dicator, in  series  with  the  bias  de- 
veloped across  the  indicator  cathode 
resistor.  This  new  potential  acts 
in  opposition  to  the  cathode  bias, 
thereby  opening  the  eye  of  the 
indicator. 


For  greatest  rectification  effi- 
ciency the  resistor  R,  should  be 
made  as  large  as  possible,  but  care 
must  be  exercised  lest  the  resist- 
ance between  grid  and  cathode  of 
the  indicator  be  increased  to  the 
point  where  instability  appears. 
One  megohm  is  a completely  satis- 
factory compromise. 

It  is  interesting  to  note  that 
although  the  diode  contact  poten- 
tial also  acts  in  this  circuit,  its 
effect  need  not  be  taken  into  ac- 
count because  it  is  present  at  all 
times  and  is  included  in  the  initial 
bias  adjustment  (even  though  its 
value  is  unknown).  Furthermore, 
tube  noise  and  pickup  within  the 
instrument,  and  pickup  in  the 
bridge  itself,  can  be  biased  out 
simply  by  turning  off  the  bridge 
1,000-cycle  a-c  source  and  adjusting 
the  bias  to  produce  eye  closure. 

Operation  with  Rasldaal  Signal 

The  detection  of  a small  change 
in  a relatively  large  signal  requires 
that  at  balance  the  indicator 
shadow  angle  be  zero  degrees,  and 
that  the  electrical  sensitivity  be 
high.  In  order  to  produce  eye 
closure  (without  overlap)  in  the 
presence  of  signal,  it  is  necessary 
to  provide  extra  bias  by  increasing 
the  cathode  resistor  shown  in  Fig- 
1.  Use  of  some  12,000  ohms,  as 
shown  in  Fig.  2,  produces  a poten- 
tial of  25  to  30  volts,  depending  on 
the  individual  tube.  A portion  o 
this  voltage,  ranging  from  a mini- 
mum of  7.5  volts  to  the  full  poten- 
tial, depending  on  the  magni  u e 
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FIG.  4 — SrailUrlty  control  sotting  vt 
input  signal  lor  nradagna  070  open- 
ing oTsr  range  of  Indicator  bias 
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FIG.  5 — SonnltMty  control  sotting  ts 
Input  signal  lor  tan-dogroo  070  opening 
over  range  of  indicator  bias 


of  the  residual  bridge  signal,  is 
applied  to  the  indicator  grid.  When 
the  algebraic  sum  of  the  two  volt- 
ages is  minus  7.5  volts  on  the  grid 
the  eye  is  closed,  regardless  of  the 
magnitudes  of  the  two  individual 
voltages.  The  presence  of  extra 
bias  and  the  absence  of  signal  will 
cause  the  eye  to  overlap,  and  a cer- 
tain amount  of  signal  voltage  is  re- 
quired to  open  it  to  the  point 
where  it  is  just  closed.  If  the  con- 
trols are  correctly  adjusted,  the 
residual  bridge  signal,  translated 
into  a d-c  signal,  is  just  sufficient 
to  produce  zero-degree  eye  open- 
ing, while  any  departure  from  bal- 
ance causes  an  increase  in  this  sig- 
nal which  is  displayed  as  an  open- 
ing of  the  eye.  The  only  additional 
requirement  is  that  the  amplifier 
must  not  overload  under  maximum 
voltage  conditions,  but  this  re- 
quirement is  met  by  conventional 
a-c  amplifier  design. 

Adiutamt  of  Coafrolt 

The  overall  schematic  circuit 
diagram  appears  in  Fig.  3.  The  in- 
strument is  provided  with  two 
panel  controls,  one  for  sensitivity 
and  the  other  for  indicator  bias. 
The  sensitivity  control  is  simply  a 
gain  control  J2,  in  the  input  circuit 
of  the  amplifier,  while  the  indicator 
bias  control  is  a potentiometer  R* 
located  in  the  cathode  circuit  of  the 
6E5.  If  a single  variable  resistor 
(or  potentiometer)  were  used  here 
it  could  not  be  turned  through  its 
entire  range,  because  minimum  bias 
of  about  7.5  volts  is  needed  at  all 
times.  The  series  resistor  R,  de- 
velops this  minimum  voltage,  there- 
by making  the  panel  control  useful 
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over  its  entire  range.  Variable  re- 
sistor R,  is  screwdriver-adjusted 
so  that  minimum  bias  can  be  set 
exactly  as  required  for  operation 
or  upon  replacement  of  the  6E5. 
In  practice,  it  is  simpler  to  use  rela- 
tively high-resistance  potentiome- 
ters for  Rt  and  R„  shunting  them 
with  a lower  resistance.  For  this 
reason,  a 16,000-ohm  resistor  is 
connected  in  parallel  with  the  50,- 
000-ohm  potentiometers. 

Oparatlig  limit* 

The  sensitivity  curves  in  Fig.  4 
and  5 show  performance  for  eye 
openings  of  0 and  10  degrees  re- 
spectively. The  curve  for  minimum 
bias  and  zero  angle  is  difficult  to 
locate  accurately,  because  it  shows 
a barely  detectable  departure  from 
exact  eye  closure.  A signal  any 
smaller  would  escape  detection.  It 
is  not  easy  to  make  precise  deter- 
mination of  this  condition,  which 
means  that  the  accuracy  of  this 
limit  curve  is  somewhat  doubtful, 
although  it  serves  to  demonstrate 
that  the  instrument  possesses  good 
absolute  sensitivity.  Limit  curves 
for  eye  openings  of  greater  than 
zero  degrees  are  far  easier  to  deter- 
mine, and  reliance  can  be  placed 
on  their  accuracy. 

Figure  4 shows  input  voltages 
(1,000  cps)  for  zero-degree  eye  an- 
gle under  various  combinations  of 
sensitivity  and  indicator  bias  con- 
trol settings.  The  curve  marked 
MINIMUM  BIAS  is  one  limit,  and 
that  marked  MAXIMUM  BIAS  is 
the  other  limit.  By  reading  verti- 
cally from  any  given  sensitivity  con- 
trol setting  it  is  possible  to  deter- 
mine the  range  of  signal  which  will 


produce  zero-degree  eye  angle,  de- 
pending upon  the  position  of  the 
indicator  bias  control. 

Inspection  of  Fig.  4 shows  that 
the  minimum  signal  which  can  be 
detected  is  20  jav.  With  the  sensi- 
tivity control  set  at  maximum,  zero- 
degree  eye  opening  can  be  secured 
with  signals  up  to  some  470  mv  by 
proper  adjustment  of  the  indicator 
bias  control. 

Reference  to  Fig.  5 indicates  that 
with  minimum  bias  a signal  of 
about  95  juv  will  produce  a ten- 
degree  eye  opening,  while  with 
maximum  bias  this  opening  is  pro- 
duced by  a signal  of  some  510  /av. 
By  varying  the  amount  of  bias  a 
ten-degree  opening  will  result  from 
the  application  of  any  signal  be- 
tween these  limits. 

All  of  the  sensitivity  data  shown 
in  Fig.  4 and  5 relates  to  abso- 
lute sensitivity.  The  incremental 
sensitivity  is  also  important,  and 
can  be  secured  by  use  of  these 
curves.  Take,  for  instance,  the  case 
of  maximum  sensitivity  and  maxi- 
mum bias.  Figure  4 shows  that 
470  /*v  causes  zero-degree  opening, 
while  Fig.  5 indicates  that  a signal 
of  610  /lv  produces  a ten-degree 
opening.  This  means  that  an  in- 
crement of  40  /av  below  an  initial 
510  /iv,  or  some  8 percent  change, 
is  required  to  actuate  the  indicator 
over  the  optical  range  from  ten  to 
zero  degrees.  For  precise  work  the 
maximum  angle  should  not  exceed 
ten  degrees,  and  should  preferably 
be  nearer  five  degrees.  If  this  angle 
is  used  the  voltage  increment  is  cut 
approximately  in  half. 

CoadHio* 

Actual  use  of  the  instrument  has 
proved  that  both  the  absolute  and 
incremental  sensitivity  are  as  great 
as  needed  at  any  tirfle.  Under  aver- 
age conditions  it  is  necessary  to 
turn  the  sensitivity  control  down 
a bit  in  order  to  avoid  very  touchy 
bridge  controls.  Since  the  instru- 
ment contains  no  moving  parts 
whatever,  it  is  mechanically  and 
electrically  rugged,  and  cannot  be 
damaged  by  mechanical  shock  or 
vibration  or  by  electrical  overload. 
Its  operation  is  little  affected  by 
vibration,  unlike  the  vibration-type 
a-c  galvanometer,  and  stray  fields 
of  considerable  magnitude  do  not 
influence  it. 
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Reduction  of 

HETERODYNE  ! 


Reduction  of  constant  - fre- 
quency interference  such  as 
is  caused  by  heterodyne  signals 
can  be  accomplished  by  utilizing 
the  principle  that  heterodyne 
waves  both  amplitude  and  phase 
modulate  the  carrier  of  the  desired 
signal.  This  method  of  interfer- 
ence reduction  involves  simultan- 


eous detection  of  amplitude  and 
quadrature  modulation  compo- 
nents of  an  interfering  wave  and 
subsequent  canceling  of  the  two 
detected  outputs  by  balancing 
them  against  each  other.  The  re- 
ception of  desired  signals,  which 
are  modulated  in  only  one  manner, 
remains  unaffected. 

The  system  is  of  particular  ad- 
vantage for  communications  in 
crowded  bands  where  interference 
due  to  carrier  heterodynes  is  ob- 
jectionable, and  increases  the  num- 
ber of  stations  that  can  occupy  a 
given  frequency  band  without  pro- 
ducing cross  interference.  In 
operation,  the  system  to  be  de- 
scribed has  attenuated  strong  inter- 
ference heterodyne  signals  to  be- 
low audibility  with  no  apparent 
effect  on  the  desired  signal. 

Principle  of  Sytfam 

It  is  an  accepted  fact1  that  the 
sum  of  two  waves  is  a wave  which 
varies  in  both  amplitude  and 
phase.  If  one  of  the  waves  is  taken 
as  a reference,  the  second  wave  can 
be  said  to  produce  amplitude  and 
phase  modulation  of  this  reference 
wave.  In  Fig.  1 let  e „ be  the  refer- 
ence wave,  which  may  be  the  carrier 
wave  of  a desired  signal,  and  let 
e,  be  the  second  wave,  which  may 
be  an  interfering  and  undesired 
signal.  The  combination  of  these 
waves  can  be  resolved  into  a com- 
ponent e,  which  is  in  phase  with 
the  reference  wave  and  produces 
pure  amplitude  modulation  and 
a component  e,  which  is  in  phase 

ISO 


FIG.  1 — Vector  relation!  of  two  wave* 
•how  phase  and  amplitude  modulation 
of  one  by  the  other 

quadrature  and  produces  pure 
phase  modulation. 

A heterodyne  interference  wave 
thus  produces  effects  which  differ 
from  either  those  of  a pure  ampli- 
tude-modulated wave  in  which  the 
resultant  modulating  vector  is  al- 
ways exactly  in  phase  with  the  car- 
rier, or  those  of  a narrow-band 
phase  or  frequency-modulated 
wave  in  which  the  resultant  modu- 
lating vector  may  be  in  phase 
quadrature  with  the  carrier. 

The  inherent  characteristic  of  a 
heterodyne  interference  wave  can 
be  utilized  to  eliminate  the  inter- 
fering effects  of  the  undesired 
wave  in  the  reception  of  amplitude- 
modulated,  or  narrow-band  phase  or 
frequency-modulated  signals,  pro- 
vided that  suitable  detection  cir- 
cuits as  assumed  in  Fig.  2 can  be 
devised.  These  detectors  must  be 
such  that  the  amplitude-modula- 
tion detector  responds  only  to  side- 
bands which  are  in  phase  with  a 
carrier,  and  the  phase-modulation 
detector  responds  only  to  side- 
bands which  are  in  phase  quadra- 
ture with  the  carrier. 

Principle  of  Ootoefort 

Detectors  devised  by  Crosby,’  in 
which  carrier  segregation  and 
amplification  are  utilized,  are 
adaptable  for  this  purpose.  Re- 
ferring to  Fig.  3,  the  carrier,  which 
has  been  derived  from  the  desired 
signal  by  filtering  or  other  means 


A-M 
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r:f 
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INPUT 

OUTPUT 

P-M 

DETECTOR 

FIG.  2 — System  by  which  amplitude 
and  phase,  modulation  components  are 
independently  detected 

and  then  amplified,  is  applied  to 
the  balanced  detector  as  shown. 
Also  the  entire  received  signal  is 
applied  in  a balanced  manner  to 
the  rectifiers. 

In  the  absence  of  the  carrier, 
there  is  no  detection  of  the  re- 
ceived signals,  and  in  the  presence 
of  the  carrier,  only  those  resultant 
signal  vectors  which  have  compo- 
nents directly  in  phase  or  180  de- 
grees out  of  phase  with  the  carrier 
are  detected.  For  the  a-m  detector 
the  segregated  and  amplified  car- 
rier should  be  in  phase  with  the 
signal  carrier,  while  for  the  p-m 
detector  the  segregated  carrier 
should  be  in  phase  quadrature, 
latlc  Cire»lt 

A more  complete  diagram  of  the 
system  is  shown  in  Fig.  4.  The  re- 
ceiver i-f  voltage  is  fed  in  parallel 
to  a crystal  filter  for  segregation 
of  the  signal  carrier,  and  to  two 
detectors  through  isolating  ampli- 
fiers. The  segregated  carrier  from 
the  filter  is  amplified  and  fed  to 
the  two  detectors,  with  the  carrier 
voltage  to  one  detector  being 
shifted  90  degrees  in  phase. 

One  of  the  detectors  detects 
amplitude  modulation  and  the 
other  detects  quadrature  modula- 
tion. For  equal  applied  voltages, 
the  outputs  of  the  amplitude  an 
quadrature  detectors  are  equa . 
Thus,  in  the  simultaneous  recep- 
tion, for  example,  of  a pure  a-m 
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INTERFERENCE 


Adjacent-channel  signals  produce  both  amplitude  and  phase  modulation  of  the  desired 
carrier.  From  separate  detection  of  these  two  modulations,  two  interference  signals  are 
obtained  which  cancel  each  other  leaving  only  the  desired  signal 
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wave  and  a heterodyne  interfer- 
ence wave,  the  amplitude-modula- 
tion detector  will  respond  to  both 
the  a-m  signal  and  to  the  hetero- 


input  but  not  both 


dyne  signal,  while  the  quadrature 
detector  will  respond  only  to  the 
heterodyne  signal.  Consequently 
if  the  output  of  the  quadrature  de- 
tector is  combined  in  the  proper 
phase  with  the  output  of  the  ampli- 
tude-modulation detector,  cancella- 
tion of  the  detected  heterodyne 
signal  will  result.  The  output  of 
the  quadrature  detector  must  be 
shifted  an  additional  90  degrees  to 
bring  its  output  signal  into  opposi- 
tion to  the  heterodyne  signal  from 
the  other  detector.  Also  the  output 
of  the  quadrature  detector  must  be 
shifted  an  additional  180  degrees 
when  the  heterodyne  interference 


FIG.  4 — By  mtani  of  filters  and  shliters.  fits  taterfariag  cantor  hetero* 

time  can  be  eliminated  In  the  detector  stage.  leaving  only  the  desired  signal 


wave  changes  frequency  from 
above  to  below  that  of  the  carrier. 


Effect  of  Segregated  Carrier 

Detecting  systems,  other  than 
that  described,  are  also  usable. 
For  example,  a single  diode  to 
which  the  segregated  carrier  and 
received  signal  are  applied  will 
detect  substantially  only  those  sig- 
nal components  in  phase  with  the 
segregated  carrier,  provided  that 
the  voltage  of  the  segregated  car- 
rier greatly  exceeds  that  of  the 
total  signal. 

It  is  interesting  to  note  the  ef- 
fects of  the  large  phase  shifts 
which  occur  in  the  crystal  filter 
when  the  incoming  carrier  is 
slightly  off  resonance.  One  such 
effect  causes  detection  of  ampli- 
tude-modulated signals  by  the 
phase-modulation  detector,  be- 
cause if  the  carrier  is  not  at  ex- 
actly 90  degrees  phase  difference 
with  the  amplitude-modulation 
components  some  detection  of 
these  components  will  result.  This 
effect  of  carrier  phase  shift  can  be 
overcome  by  biasing  the  detectors 
so  that  the  segregated  carrier  volt- 
age will  exceed  the  bias  voltage 
only  when  the  phase  shift  in  the 
crystal  filter  is  less  than  a prede- 
termined amount  which  should  be 
less  than  45  degrees,  at  which  con- 
dition the  outputs  from  the  two 
detectors  are  equal. 
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ELECTRONIC  TIMER 
for  Aircraft  De-Icer 


Inflation  and  deflation  of  de-icer  boots  is  controlled  by  an  electronic  timer  that  makes 
available  four  different  types  of  cycling  to  meet  any  icing  condition  encountered. 
Thyratron  and  diode  in  timing  circuit  control  stepping  of  telephone-type  automatic  switch 
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De-icer  equipment  as  currently 
used  on  aircraft  provides  a 
constantly  recurring  cycle  of  infla- 
tion and  deflation  of  tubes  or  boots 
along  the  leading  edges  of  protected 
airfoils,  with  no  controls  or  adjust- 
ments to  govern  either  the  fre- 
quency of  inflation  cycle  or  the  com- 
pleteness of  boot  inflation.  Despite 
this  lack  of  flexibility  the  rubber 
de-icer  boot,  functioning  on  a fixed 
cycle  arbitrarily  set  at  40  seconds, 
has  proved  to  be  an  effective  ice- 
remover. 

Icing  conditions  are  not  only 
variable,  but  completely  unpredict- 
able since  ice  does  not  form  at  a 
standard  rate  or  to  a standard  tex- 
ture. In  recognition  of  a real  need, 
therefore,  a de-icer  timer  has  been 
developed  to  control  the  operation 
of  de-icers  and  to  provide  effective 
ice  elimination  under  varying  icing 
conditions. 

Ice  Bulldep  aid  Removal 

The  two  principal  factors  in  the 
problem  of  ice  elimination  are  the 
adhesion  of  ice  to  the  surface  and 
the  continuity  of  the  ice.  Although 
both  factors  are  normally  present, 
either  factor  alone  will  retain  an 
ice  accretion.  The  natural  lock 
of  an  ice  formation  over  the  lead- 
ing edge  of  an  airfoil  will  hold  that 
formation  in  place  although  its  ad- 
hesion has  been  completely  de- 
stroyed. Similarly,  isolated  particles 
of  ice  can  be  retained  solely  by  their 
adhesion  to  the  surface. 

Fundamentally,  de-icer  operation 
is  based  upon  playing  the  factors 
of  continuity  and  adhesion  against 
each  other.  It  is  because  the  ice 
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adheres  to  the  de-icer  surface  that 
inflation  of  the  tube  elements  breaks 
the  continuity  of  the  ice  along  the 
leading  edge.  Conversely,  it  is  be- 
cause the  ice  has  continuity  and 
enough  tensile  strength  to  main- 
tain that  continuity  that  the  stretch 
of  the  rubber  produces  a peeling 
action  which  destroys  the  adhesion 
and  lets  the  airstream  carry  the  ice 
away. 

Years  ago  aircraft  operators 
learned  that  de-icers  give  better  ice 
removal  if  ice,  at  least  an  eighth  of 
an  inch  thick,  is  allowed  to  accum- 
ulate before  the  boots  are  inflated. 
This  is  because  the  ice  must  build 
up  to  some  definite  thickness  in  or- 
der to  develop  enough  tensile 
strength  to  overcome  adhesion.  If 
the  de-icers  are  operated  with  in- 
sufficient ice  accumulated  on  them, 
the  stretch  of  the  rubber  crazes  the 


thin  layer  of  ice,  breaking  it  into 
many  very  small  pieces,  some  of  , 
which  are  dislodged  but  most  of 
which  remain.  Then,  further  ac- 
cumulation of  ice  builds  on  these 
remaining  particles  thus  developing 
a flexible  ice  composed  of  a num- 
ber of  separate  little  islands.  The 
establishment  of  such  a condition 
renders  de-icer  operation  on  a con- 
tinuing fixed  cycle  much  less  effec- 
tive than  normal  since  the  rubber 
inclines  to  stretch  between  the  ice 
islands  without  breaking  them 
loose. 

Iiapertaiei  of  Ttatog 

Although  operators  have  learned 
to  allow  a buildup  of  ice  to  accum- 
ulate before  putting  the  de-icer 
system  into  operation,  there  has  1 
heretofore  been  nothing  they  could  | 
do  about  the  recurring  cycles  which 
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automatically  followed  in  sequence 
at  intervals  of  approximately  40 
seconds,  other  than  to  manually 
switch  the  de-icers  on  and  off.  If 
the  rate  of  ice  accretion  was  only 
moderate,  the  amount  of  ice  built 
up  between  the  first  and  second  cy- 
cle was  inadequate  to  afford  good 
removal.  Furthermore,  if  inflation 
was  premature  the  ice  deposit'  on 
the  boots  might  become  crazed  and 
compromise  the  proper  subsequent 
removal  of  ice. 

The  requirement,  then,  is  for 
some  controlled  means  of  automati- 
cally closing  switches  in  sequence 
at  the  most  effective  times  for  de- 
icing. The  purpose  of  closing  these 
switches  is  to  complete  a circuit  to 
one  or  more  distributor-valve  sole- 
noids, to  control  the  opening  of 
poppet  valves  and  release  a surge  of 
pressure  directly  into  the  de-icer 
boot  cells.  These  cells  immediately 
punch  out  to  a full  inflation.  The 
cells  are  deflated  under  their  own 
pressure  by  unloading  to  atmos- 
phere upon  breaking  the  solenoid 
circuit  through  the  timer.  Suction 
accelerates  the  final  stages  of  boot 
deflation. 

For  slushy  ice,  the  rapidity  of 
inflation  is  very  important.  With 
some  types  of  de-icer  systems,  the 
inflation  of  boots  is  sluggish  and  as 
a result  the  ice  sometimes  has  time 
to  mold  itself  to  the  changing  con- 
tour of  the  de-icer  surface. 

For  very  hard  types  of  ice,  the 
completeness  of  inflation  and  the 
resulting  distortion  of  the  rubber 
surfaces  become  more  important 
than  the  rapidity  of  change.  In  the 
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Timor  may  bo  opened  from  the  iron! 
and  allowed  to  operate,  lor  conven- 
tone*  In  making  adjustments  or  locating 
troubles.  Selector  switch  (at  lower 
right  in  this  riew)  provides  choice  oi 
lour  types  oi  de-icer  operation 

older  systems  completeness  of  in- 
flation on  the  larger-capacity  de- 
icer boots  could  only  be  satisfactor- 
ily obtained  by  recourse  to  oversize 
air  pumps,  with  an  attendant 
weight  penalty. 

Electronic  De-Icer  Timer 

The  electronic  de-icer  timer  to  be 
described  provides  the  needed  flex- 
ible control  of  de-icer  recycling 
when  used  with  the  manifold-sole- 
noid de-icer  system.  This  system 
replaces  the  central  distributor  and 
multiple  tubing  lines  with  pressure 
and  suction  manifolds  acting  in 
effect  as  reservoirs  of  both  pressur- 
ized and  evacuated  air  for  the  indi- 
vidual solenoid-controlled  distribut- 
ing valves  located  at  the  respective 
de-icer  boot  connections.  The  sys- 
tem not  only  simplifies  the  plumb- 
ing installation  but  also  improves 
the  rate  of  inflation  and  deflation  of 
the  de-icer  tubes,  and  adds  snap  to 
this  process  by  providing  quick 
opening  and  shutting  of  valves 
along  with  preselection  of  inflation 
periods  to  suit  the  capacities  of  the 
respective  boots.  It  reduces  the  con- 
trol of  inflations  to  an  electrical 
circuit  operating  the  solenoids  for 
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the  most  part  automatically.  Over- 
riding manual  controls  permit  the 
use  of  human  judgement  in  antici- 
pating or  reacting  to  rapid  changes 
in  icing  conditions. 

Choice  of  Operating  Cycle* 

In  the  latest  lightweight  system 
of  mechanical  de-icing  employing 
the  electronic  timer  mechanism, 
positive  control  over  all  kinds  of  ic- 
ing is  provided  by  a choice  of  four 
different  operating  cycles,  described 
below  and  diagrammed  in  Fig.  1. 

(1)  Single  Cycle,  in  which  the 
unit  inflates  each  boot  in  turn  once, 
after  the  starting  button  is  de- 
pressed, and  then  waits  until  the 
starting  button  is  again  depressed 
before  proceeding  with  another  in- 
flation cycle.  This  operation  is  use- 
ful under  low-rate  icing  conditions. 

(2)  60-Second  Dwell,  in  which 
the  unit  inflates  each  boot  in  turn, 
waits  60  seconds,  then  inflates  the 
boot  again,  waits  60  seconds,  etc, 
until  the  unit  is  turned  off  or 
switched  to  another  position.  This 
is  preferable  under  medium-rate 
icing. 

(3)  0-Second  Dwell,  in  which  the 
unit  keeps  repeating  the  inflating 
cycle  but  does  not  delay  between 
successive  inflation  cycles.  This 
obviously  provides  for  high-rate  ic- 
ing. 

(4)  50%  Increase,  in  which  the 
cycling  is  repetitive  without  delay 
between  cycles,  but  the  inflation 
period  for  each  boot  is  increased  by 
60  percent.  This  operation  provides 
for  higher  altitudes  and  subnormal 
air  flows  from  the  engine  air  pump. 

Circuit  Detail* 

The  electronic  timer  circuit  con- 
sists of  a multiplicity  of  simple 
switch  circuits  plus  a combined 
timing  and  control  circuit.  One  of 
the  switch  circuits  is  shown  in  Fig. 
2.  From  five  to  ten  of  these  circuits 
are  provided,  one  for  each  pair  of 
symmetrically  located  boots  re- 
quired on  the  aircraft.  The  auto- 
matically-operated switch  closes 
once  during  each  automatic  cycle 
for  a predetermined  length  of  time 
provided  for  by  an  electronic  tim- 
ing circuit.  The  mechanical  struc- 
ture of  the  automatic  switching 
mechanism  is  such  that  the  indi- 
vidual circuits  can  be  closed  only  in 
a fixed  sequence  and  one  at  a time. 

A schematic  diagram  of  the  auto- 
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matic  control  circuit  appears  in 
Fig.  3.  Contacts  S„  S„  S„  S„  and 
P , (shown  with  dotted  lines)  are 
the  contacts  of  the  selector  switch 
on  the  front  panel  and  the  SIN- 
GLE-CYCLE starting  pushbutton 
respectively.  These  provide  the 
four  variations  in  cycling. 

Position  11  on  the  automatic 
switch  has  been  arbitrarily  chosen 
as  the  DWELL  position  of  the  sys- 
tem, wherein  no  boots  are  inflated. 
In  order  to  provide  for  SINGLE- 
CYCLE operation,  contacts  which 
are  closed  at  all  positions  except  11 
are  connected  in  series  with  the 
stepping  circuit,  consisting  of  thy- 
ratron  tube  V,  and  the  automatic 
switch  operating  coil.  These  con- 
tacts are  known  as  the  off-normal 


position  of  the  selector  switch,  and 
when  closed  shunts  tube  V,.  The 
automatic  switch  then  steps  rapidly 
around  to  position  11,  where  the 
off-normal  springs  open  the  circuit, 
and  the  automatic  switch  operating 
coil  is  left  connected  to  power.  The 
timer  is  thus  made  to  reset  to  the 
DWELL  position  no  matter  what 
its  condition  when  the  unit  is 
turned  off. 

Stepping  Operation 

The  stepping  operation  can  be 
broken  down  into  thr^e  repeating 
sequences  of  the  telephone-type  ro- 
tary switch.  Wiper  arms  are 
mounted  on  a shaft,  each  wiper  arm 
having  an  associated  bank  of  con- 
tacts arranged  in  a semi-circle  with 


opens  interrupter  springs.  When 
the  coil  is  deenergized,  a retractile 
spring  restores  the  armature  and 
in  doing  so  the  pawl  drives  the 
ratchet  wheel,  shaft,  and  wipers  in 
a clockwise  direction  through  an 
angle  equal  to  the  angular  distance 
between  contact  centers  in  the 
switch  bank.  Therefore,  each  time 
the  coil  is  energized,  the  switch  pre- 
pares to  step,  and  each  time  the 
coil  is  deenergized,  the  switch  steps. 

First  Soqmca 

For  convenience,  let  the  first  se- 
quence begin  at  the  instant  at  which 
current  starts  flowing  through  the 
coil,  but  before  the  resulting  pull 
has  overcome  the  inertia  of  the  ar- 
mature, corresponding  to  the  con- 


contacts,  and  are  shunted  by  con- 
tacts S,  and  P,.  Since  P , is  normally 
open  and  S,  is  open  on  position  1 of 
the  selector  switch,  the  automatic 
switch  cannot  move  off  position  11 
until  either  P,  or  S,  closes.  As  soon 
as  P,  is  pressed,  however,  the  step- 
ping circuit  is  completed  and  the 
automatic  switch  moves  its  contact 
arms  to  position  1.  The  off-normal 
contacts  close,  and  operation  con- 
tinues until  position  11  is  reached 
again.  In  this  manner  SINGLE- 
CYCLE operation  is  obtained. 
When  the  selector  switch  is  turned 
to  any  of  the  three  automatic  posi- 
tions (2,  3,  or  4),  contact  S,  contin- 
uously shunts  the  off-normal 
springs  and  the  automatic  switch 
cannot  stop  at  position  11. 

Contact  S,  is  closed  at  all  posi- 
tions except  position  2,  for  60  SEC- 
OND DWELL.  When  S,  is  closed, 
only  0.1  megohm  is  in  the  discharge 
circuit  of  the  capacitor,  and  the 
time  interval  is  5 x 0.1  or  0.5  sec- 
ond. Since  this  resistor  is  at  posi- 
tion 11  (DWELL)  of  the  automatic 
switch,  the  delay  between  cycles  is 
negligible.  When  S,  is  open  at 
selector  position  2,  the  resistance 
of  the  discharge  circuit  becomes 
12.1  megohms,  and  the  time  inter- 
val of  dwell  becomes  5 x 12.1  or 
60.5  sec  (values  are  approximate). 

Contact  S,  closes  only  at  selector 
position  4 and  connects  a second  ca- 
pacitor in  parallel  with  the  one 
used  for  all  other  selector  switch 
positions.  This  increases  the  ca- 
pacitance in  the  timing  circuits  by 
a factor  which  increases  all  dis- 
charge times  50  percent. 

Contact  S,  closes  only  in  the  off 
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the  shaft  as  a center.  When  the 
shaft  is  rotated,  the  wipers  connect 
to  each  contact  in  their  respective 
banks  in  turn.  There  are  eleven 
contacts  in  each  bank,  providing  for 
11  positions  in  one-half  revolution 
of  the  wipers.  The  wipers  extend 
on  either  side  of  the  shaft,  so  that 
two  cycles  are  obtained  from  one 
complete  revolution.  The  operating 
coil,  when  energized,  attracts  an 
armature  on  the  other  end  of  which 
is  a pawl  that  engages  the  ratchet 
wheel.  This  pawl  moves  back  one 
tooth  on  the  ratchet  wheel  when  the 
armature  is  attracted  by  energiz- 
ing the  coil.  An  insulating  button 
on  the  armature  at  the  same  time 


ditions  of  Fig.  4A.  At  this  instant 
the  potential  across  capacitor  C„ 
and  consequently  the  potential  dif- 
ference between  grid  and  cathode 
of  V„  is  zero  and  no  current  flows 
to  or  from  C,.  Tube  V,  is  passing 
current  through  the  operating  coil 
and  its  interrupter  contacts,  and 
capacitor  C,  charges  with  the  polar- 
ity shown. 

Second  Soqmcc 

When  the  coil  pulls  the  armature 
fully  down,  the  pawl  is  drawn  back 
ready  for  stepping,  the  interrupter 
contacts  are  open  and  for  a short 
space  of  time  the  conditions  in  Fig. 
4B  exist.  The  interrupter  contacts 
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FIG.  3 Automatic  control  circuit  used  to  operate  ton  do-icor  boot*  on 
crait  Stopper  anna  of  automatic  switch  root  on  position  11  during  the  DWEU* 
interval  between  cycles.  Other  contacts  (not  shown)  on  the  automatic  tnl* 
phono-typo  stopper  switch  energise  solenoids  that  control  boot  inflation 
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FIG.  4 — Simplified  Tendoni  of  automatic  control  circuit,  showing  directions  of  electron  flow  for  the  three  sequences 
occurring  during  a stepping  operation  associated  with  the  inflation  of  one  de-icer  boot.  The  first  and  second 
sequences  last  approximately  0.05  second  each,  while  the  third  sequence  lasts  for  the  duration  of  boot  Inflation  time 


are  open,  there  is  no  path  from  the 
cathode  of  V,  to  ground,  and  the 
cathode  is  connected  to  B + through 
the  350-ohm  resistor.  This  places 
both  plate  and  cathode  of  V,  at  the 
same  potential  and  consequently  no 
current  flows  in  V,.  A small  cur- 
rent flows  for  a short  time  between 
the  coil  and  C„  and  C,  discharges. 
The  main  current  flow  at  this  in- 
stant, however,  is  the  charging  cur- 
rent that  flows  from  B+  through  the 
350-ohm  resistor  to  the  cathode  side 
of  Ci,  and  from  the  grid  side  of  Ci 
through  tube  V,  to  ground.  Capac- 
itor C,  therefore  charges  with  the 
polarity  shown. 

Third  Saqaosca 

At  the  end  of  this  short  interval 
during  which  the  V,  circuit  is 
broken,  the  retractile  -spring  of  the 
automatic  switch  overcomes  inertia 
and  restores  the  armature  to  nor- 
mal. The  pawl  drives  the  shaft  and 
wipers  to  the  next  position,  the  in- 
terrupter springs  close,  and  the  cir- 
cuit conditions  of  Fig.  4C  exist.  No 
current  flows  through  V,  and  the 
coil  because  C,  is  still  charged.  The 
positive  side  of  C,  is  connected  to 
ground  and  the  cathode,  and  the 
grid  of  V,  is  negative  by  the  amount 
of  the  charge  voltage,  thus  prevent- 
ing the  resumption  of  current  flow 
m V„  The  plates  of  diode  V,  are 
connected  to  the  grid  and  the  nega- 
tive side  of  C„  while  its  cathode  is 
connected  to  the  positive  side  of  C„ 
»nd  therefore  no  current  can  flow 
rough  V,.  There  is  a current 
Path  through  which  the  charge  on 
■ can  leak  off,  however,  formed  by 
e battery  and  the  resistor  con- 
nected to  the  particular  point  on 
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which  the  automatic  switch  wiper 
is  resting.  Since  battery  resistance 
is  negligible,  the  time  of  discharge 
will  depend  only  on  the  resistor  and 
capacitor  values.  Discharge  times 
for  individual  switch  points  are  ob- 
tained by  using  different  values  of 
resistor.  A flat  percentage  increase 
of  all  discharge  times  is  obtained  by 
adding  additional  capacitance  in 
parallel  with  C,. 

As  the  charge  on  C,  leaks  off,  the 
grid  of  V,  becomes  less  and  less 
negative,  until  Anally  it  becomes  ap- 
proximately at  the  same  potential 
as  the  cathode  of  V,.  Tube  V,  then 
passes  current  which  energizes  the 
automatic  switch  operating  coil, 
and  the  system  is  at  the  condition 
of  Fig.  4A  again. 

Ad|uting  Boot  Inflation  Tint# 

During  the  discharge  period  of 
the  timing  cycle,  the  negative  side 
of  the  capacitor  is  connected  by  the 
timing  resistor  to  the  positive  side 
of  the  battery,  thereby  doubling  the 
voltage  across  the  capacitor  and 
providing  a nearly  linear  discharge 
rate  over  the  voltage  range  to  be 
used. 

To  facilitate  changing  the  boot 
inflation  times  to  agree  with  the  re- 
quirements of  a particular  aircraft, 
the  timing  resistors  are  wired  in- 
side a standard  AN  plug  connector 
which  is  in  turn  mounted  on  an  re- 
ceptacle inside  the  unit. 

Contact  Arrangement* 

Considerable  effort  was  expended 
to  reduce  the  number  of  contacts  to 
a minimum.  The  contacts  used  for 
connecting  to  the  various  boot 
valves  and  the  contacts  that  con- 
nect and  disconnect  additional  re- 


sistors for  different  types  of  opera- 
tion are  mandatory.  However,  in 
the  control  and  timing  circuit,  one 
pair  of  contacts  (the  interrupter 
springs)  in  conjunction  with  diode 
V,  perform  the  functions  of  charg- 
ing the  capacitor,  connecting  it  so 
that  the  grid  is  negative  after 
charging,  deionizing  thyratron  Vu 
and  breaking  the  circuit  to  the  au- 
tomatic switch  coil  after  energiza- 
tion to  cause  it  to  step  the  wiper 
arms  to  the  next  position.  If  the 
diode  were  omitted,  an  additional 
set  of  contacts  would  be  required  to 
connect  the  grid  side  of  the  capaci- 
tor to  ground  during  charging,  and 
these  contacts  would  have  to  be 
critically  adjusted  with  respect  to 
the  interrupter  springs  so  as  not 
to  provide  a short-circuit  path 
across  the  capacitor  after  charging. 

The  standard  telephone-type  au- 
tomatic switch  used  in  the  timer 
has  three  banks  of  contacts,  al- 
though only  two  are  required  for 
the  circuit.  By  tying  all  the  con- 
tacts in  one  bank  to  the  power  sup- 
ply, connecting  two  sets  of  wipers 
in  series,  and  using  the  contacts  in 
the  second  bank  to  connect  to  the 
valves,  it  was  possible  to  use  the 
standard  contacts  of  the  switch  to 
make  and  break,  as  well  as  carry, 
the  three-ampere  inductive  load  of 
the  valve  solenoids  without  appre- 
ciable deterioration  of  contacts 
over  more  than  two  hundred  thou- 
sand operations.  In  terms  of  de- 
icing time,  this  is  enormous  life, 
and  considerable  savings  are  ef- 
fected in  weight  and  complexity  over 
a system  wherein  the  telephone 
switch  contacts  carry,  but  don’t 
break,  the  load  current. 
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Compact  rigid  assembly  of 
the  rhf  impedance-measuring 
unit  is  essential 


VHF  IMPEDANCE 


2>N  INSTRUMENT  with  which  to 
JrXmeasure  impedance  in  terms 
of  resistance  and  reactance  through 
the  range  of  frequencies  which  have 
been  assigned  to  the  commercial 
f-m  and  television  services  is 
needed.  Below  this  range  r-f 
bridges  are  satisfactory  and  above 
this  range  slotted-line  measure- 
ments are  convenient.1 

The  instrument  to  be  described 
is  small  and  compact  so  that  it  can 
be  used  in  many  places  inaccessible 
with  conventional  equipment.  The 
grounding  problem,  which  is  always 
important  and  often  critical  at  these 
frequencies,  offers  little  difficulty 
principally  because  the  device  is 
complete  in  itself. 

OescrtptlMi  of  Matted 

The  range  can  be  quickly  varied 
to  suit  the  particular  problem  so 
that  in  most  cases  it  is  unnecessary 
to  supplement  the  unknown  im- 
pedance with  a known  reactance  in 
order  to  bring  the  unknown  im- 
pedance within  range  of  the  instru- 
ment However,  greatest  accuracy 
is  obtainable  through  the  resistance 
and  reactance  ranges  commonly  en- 
countered in  antenna  and  transmis- 
sion line  measurements.  The  resis- 
tance range  is  approximately  30  to 
1000  ohms,  and  at  100  me  the  re- 
actance range  is  approximately 
=fcl5  to  500  ohms.  The  reactance 
range  depends  on  the  capacitance 
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range  of  the  capacitor  used  for  C, 
in  Fig.  1 and  2. 

Resistance  measurements  are 
made  in  terms  of  a ratio  of  the 
voltage  developed  across  a resonant 
circuit  to  the  voltage  resulting 
when  the  unknown  resistance  is  in- 
troduced into  the  circuit.  The  un- 
known reactance  is  measured  in 
terms  of  the  variation  of  reactance 
of  an  accurately  calibrated  capaci- 
tor that  is  required  to  return  the 
measuring  circuit  to  resonance.’ 

The  most  logical  means  of  meas- 
uring voltage  and  indicating  reso- 
nance is  a vacuum  tube  voltmeter 
connected  to  a resonant  circuit 
LxCt  as  shown  in  Fig.  1.  Because  a 
voltage  ratio  is  used,  the  voltmeter 
need  not  be  calibrated  if  its  law  of 
deflection  is  known.  One  of  the  ad- 
justments requires  tuning  to  pro- 
duce 70.7  percent  of  the  voltage  at 
resonance.  This  voltage  would  be 
one-half  of  the  voltmeter  reading  at 
resonance  if  the  voltmeter  were 
square-law.  The  added  sensitivity 
of  this  type  of  voltmeter  is  conven- 
ient for  increased  tuning  accuracy. 

A balanced-modulator  circuit  will 
insure  square-law  operation  be- 
cause only  second-order  terms  ap- 
pear in  the  plate  circuit.  A 100 -/m 
meter  with  at  least  50  dial  divisions 
is  satisfactory  for  the  meter.  The 


required  balanced  voltage  for  the 
voltmeter  is  obtained  from  the  W- 
anced  circuit  L,C ,. 

Assume  Q,  of  resonant  circuit  l> 
C„  C,  is  reasonably  high  so  that  ft 
can  be  neglected.  Let  Z,  be  the  in- 
pedance  seen  by  a series  generator 
in  circuit  2 of  Fig.  1 when  it  u 
isolated  from  circuit  1,  then 


Z,  ■ 


Z«Z  i 
Z.  + Zi 


When  circuit  2 is  coupled  to  circuit 
1,  the  impedance  appearing  in  cir- 
cuit 1 due  to  circuit  2 is1  j 

(uM)'  (<-«)•  , M0' 

Z,  “ Z,  Zx 

This  equation  shows  that  the 
various  shunt  impedances  affeci 
circuit  1 independently  and  any  ®' 
may  be  added  or  removed  without 
changing  the  effect  of  the  ot  ers 
Regardless  of  the  physical  an** 
ment  of  the  unknown  impedance, 
circuit  2 sees  the  equivalent  ren* 
tance  in  parallel  with  the  eqw' 
reactance.  In  cases  where 
series  components  are  more 
able  and  useful,  the  parallel  com 
bination  can  be  changed  ° 
series  equivalent.  . ■ 

It  should  be  noted  thst.^e® 
mum  capacitance  of  C,  will  »P 
across  C,  as  an  unknown  r .. 
but  the  effect  of  this  reactan  - 
constant  and  will  not  modify 
value  of  the  unknown  because 
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Unknown  la  connected  direct- 
ly to  the  calibrated  capacitor 
at  the  right 


(MEASUREMENTS 


Equipment  for  making  impedance  measurements  in  the  range  from  50  to  150  me  is 
described  and  its  probable  errors  are  analyzed.  Construction  and  operation  of  the  equip- 
ment and  method  of  making  measurements  are  explained 


has  been  shown  that  unknown  com- 
ponents across  C,  affect  circuit  1 
independently. 

It  is  important  to  connect  the  un- 
known directly  to  the  terminals  of 
C,  rather  than  to  electrically  equiv- 
alent points,  to  eliminate  error 
which  would  be  introduced  by  the 
inductance  of  the  leads  connecting 
circuit  2 to  C*  The  method  of  tun- 
ing circuit  2 described  below  will 
show  that  the  circuit  inductive  re- 
actance is  tuned  out. 

Care  must  be  taken  to  maintain 
the  Q of  circuit  2 as  high  as  pos- 
sible because  the  principal  assump- 
tion in  this  method  of  measurement 
w that  the  resistance  of  circuit  2 is 
negligible.  Consideration  of  this 


resistance  would  make  the  measure- 
ments unnecessarily  tedious.  Ex- 
perience has  shown  that  very  prac- 
tical and  useful  results  can  be  ob- 
tained with  such  an  assumption. 

The  resistance  R,  of  circuit  1 is 
used  as  a starting  point  for  making 
measurements  but  it  is  not  neces- 
sary to  know  the  ohmic  value.  At 
one  point  in  the  tuning  procedure, 
circuit  1 will  be  detuned  from  reso- 
nance until  the  square-law  voltme- 
ter indicates  one-half  the  reading  at 
resonance.  This  indicates  a volt- 
age 70.7  percent  of  maximum  and 
shows  that  a reactance  equal  to  R, 
has  been  added  to  circuit  1.  This 
reactance  will  then  be  replaced  by 
an  equal  reactance  of  opposite  sign 


which  can  be  accurately  determined 
from  C»  The  constant  driving  volt- 
age is  effectively  in  series  with  L, 
and  C,  because  this  circuit  is  driven 
by  a pentode  which  is  practically  a 
constant-current  generator.  The  in- 
ductive coupling  between  L,  and  L,, 
which  presents  resistance  and  re- 
actance components  to  circuit  1, 
need  not  be  known. 

Maanremeat  Procedure 

In  using  the  vhf  impedance  meas- 
uring circuit  of  Fig.  2,  the  follow- 
ing procedure  is  used: 

1.  Detune  C,  until  it  has  no  ef- 
fect on  the  voltmeter  and  set  the 
voltmeter  to  zero. 

2.  Set  C,  to  minimum  so  that 
AC.  = 0. 

8.  Tune  C,  for  maximum  volt- 
meter reading  and  adjust  the  am- 
plifier gain  for  a convenient  read- 
ing, probably  full  scale.  Circuit  2 is 
so  far  from  resonance  that  it  will 
have  negligible  effect  on  circuit  1 
at  this  point. 

4.  Short  C,  by  inserting  a strip 
of  crimped  copper  between  the 
plates.  This  must  be  done  at  the 
plates  rather  than  across  the  ter- 
minals to  avoid  the  error  caused  by 


t The  principle  oi  measurement  is  that  of  a Q meter.  The  pentode  pre* 
roots  reaction  ol  the  measuring  circuit  on  the  oscillator  and  gives  the  generator 
a nearly  infinite  internal  impedance 
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FIG.  2 — A balanced,  ■quart-law  vacuum-tube  voltmeter  Is  built  Into  the  instru- 
ment to  measure  the  voltage  across  the  resonant  circuit 


the  inductance  of  a relatively  long 
shorting  bar  across  the  terminals. 

5.  Tune  C,  for  minimum  voltage 
indication. 

6.  Remove  the  shorting  strip  and 
check  C,  for  resonance. 

7.  Note  the  maximum  voltmeter 
reading  in  dial  units  as  V,. 

8.  Detune  circuit  1 by  decreasing 
C,  until  the  meter  indicates  one- 
half  the  maximum  reading.  At  this 
point  Xc  = ft. 

9.  Retune  circuit  1 to  resonance 
by  increasing  C*  This  indicates 
that  an  impedance  equal  to  ft  has 
been  presented  to  circuit  X from 
circuit  2.  Note  (AC,). 

10.  Add  the  unknown  directly  to 
the  terminals  of  C-. 


11.  Retune  C,  to  cancel  the  added 
reactive  component.  Call  the  new 
setting  of  C,  (AC/).  Note  (AC/) 
and  the  new  voltmeter  reading  V,. 

12.  1/<»(A'C,)  - (AC.)  = (A'C,) 
is  the  unknown  reactance,  where 
(A'C.)  = (AC/)  - (AC,).  From 
step  9 above 


-(mM)1  _ » 

1/«(AC,)  1 


(o>M)» 


R, 

w(AC,) 


The  voltages  developed  across  Ci 
are  inversely  proportional  to  the 
effective  circuit  resistances  so  that 


£,_«,  + oi’Af’/R  1 

Ei  R,  + Ru  (AC,) 


(I  - 0“  (ac,) 

Let  P = (ft/ft)  - 1,  and  V = 
voltmeter  deflection  in  a square-law 
device,  then  P = \ZVJV,  — 1 : R = 
l/P<i>(AC,) : X = 1 /« ( A'C,) . 

Analysts  of  Errors 

From  the  above  equations  for  R 
and  X,  we  see  that  the  accuracy  of 
the  measurements  depends  on  a 
knowledge  of  frequency,  (AC,),  and 
the  voltage  ratio  used  to  find  P. 
For  greatest  convenience  in  using 
an  instrument  of  this  type,  it  is 
necessary  that  the  source  of  fre- 
quency be  an  integral  part  of  the 
unit.  The  oscillator  shown  was  cali- 
brated with  a heterodyne  frequency 
meter,  the  fundamentals  of  which 
were  referred  to  a frequency  stand- 
ard. Tuning  circuit  1 through  reso- 
nance may  cause  a frequency  change 
of  about  0.002  percent.  It  is  safe 
to  assume  that  errors  in  frequency 
will  be  negligible  as  compared  with 
other  probable  errors. 

By  means  of  differentials,  the 
relative  effect  of  errors  in  the  cali- 
bration or  use  of  C,  can  be  shown 
from  X - l/w(A'C,).  Assuming 
that  Aw  = 0,  and  taking  logs  we  ob- 
tain log  X = logl  — logo,  — log 
(A'C,) ; and  differentiating  obtain 
dX/X  = -d(  A'C,)  /(A'C,). 

This  result  shows  that  the  rela- 


tive error  in  measuring  reactance 
is  inversely  proportional  to  (A’C,) 
and  directly  proportional  to  the  er- 
ror in  finding  (A'C,).  This  is  par- 
ticularly serious  for  large  induct- 
ances and  small  capacities  because 
(A'C,)  is  equal  to  the  difference  is 
the  two  settings  of  C„  The  resistive 
component  of  the  unknown  lowers 
the  Q of  the  circuit  so  that  the  exact 
setting  of  this  capacitor  for  reso- 
nance is  more  difficult.  Sometimes 
it  is  better  to  tune  through  reso- 
nance until  the  voltmeter  reading 
indicates  the  same  point  but  on  the 
other  side  of  the  resonance  curve. 
Then  one-half  of  the  change  in  C, 
will  be  required  (A'C,). 

The  measurement  of  the  resistive 
component  involves  the  square  root 
of  the  voltage  ratio  and  also  (AC,) 
as  the  principal  causes  of  error  be- 
cause again  these  errors  will  prob- 
ably be  large  compared  to  the  error 
in  frequency.  It  is  doubtful  that  C, 
can  be  set  within  about  2 or  3 per- 
cent because  of  the  broadness  of 
resonance. 

The  relative  error  in  finding  R 
which  results  from  error  in  the  volt- 
age ratio  is  more  easily  predicted 
by  considering  the  error  in  finding 
P.  Let  V,  and  V,  be  the  meter  de- 
flections in  any  units  and  assume 
V , constant  as  the  starting  point 
then  P = VV./F,  - 1,  taking  logs; 
log  P = log(W,/V,  -1),  and  dif- 
ferentiating 


iP 
P ' 


t 


(iiv 

VS'1 


dV,- 


Ur, 


The  factor  inclosed  in  brackets 
s plotted  as  a function  of  V,  in  Fig- 
i.  This  curve  indicates  the  range 
hrough  which  V , may  be  read  for 
ninimum  error.  The  values  of  > 
ind  (AC.)  are  interdependent  and 
:an  be  adjusted  toward  optimum 
>y  varying  the  coupling  between 
ind  Li.  This  adjustment  also  is 
onvenient  in  the  measurement  o 
•eactance.  If  a large  capacitance 
s to  be  measured,  the  coupling  is 
nade  small  so  that  (AC,)  , 

arge.  Conversely,  for  a large  in 
luctance,  the  coupling  is  made  c ose. 
this  adjustment  effectively  dou  e 
he  useful  range  of  C,.  Errors  i 
laiarminitltr  P nr  (A  C,)  affeC 


I 
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in  just  the  same  manner  as  an  error 
in  (A'C.)  affects  the  measured 
value  of  X.  Of  course,  the  errors 
can  tend  to  cancel  or  to  accumulate, 
depending  on  the  relative  sign  of 
the  differential  value. 

DatcrlpHoa  of  Uolt 

If  the  power  leads  are  filtered,  no 
r-f  will  get  to  L,  except  through  the 
pentode  amplifier  which  approxi- 
mates a constant-current  generator. 
A butterfly  circuit*  oscillator  is  an 
ideal  source  of  power  for  such  a de- 
vice because  of  its  range,  small  size 
and  simplicity. 

The  upper  frequency  limit  of  this 
particular  unit  is  150  me.  This 
limit  is  determined  by  the  necessary 
inductance  of  the  leads  to  C,  be- 
cause the  terminals  of  C,  must  be 
available  for  connecting  the  un- 
known. L,  must  be  large  enough 
to  couple  sufficiently  with  L„ 

The  square-law  vtvm  is  best 
checked  by  plotting  the  square  root 
of  the  meter  deflection  as  a func- 
tion of  the  applied  voltage.  If  the 
meter  response  is  square-law,  this 
plot  gives  a straight  line. 

In  use,  the  balance  of  the  L.C, 
circuit  cap  be  conveniently  checked 
by  tuning  C,  to  resonance  and  then 
touching  each  stator  section  of  C, 
in  succession.  The  voltmeter  read- 


Vj  IN  SAME  UNITS  AS  V, 


FIG.  3 — Adjust  coupling  botwoon  cir- 
cuits 1 and  2 oi  Fig,  1 to  koop  V,  within 
tho  range  oi  least  relative  error  I 
which  can  be  Introduced  by  inaccu- 
racies in  reading  voltages  when  meas- 
uring resistances 

ing  should  drop  to  nearly  zero  in 
each  case.  Small  amounts  of  unbal- 
ance can  sometimes  be  compensated 
by  adjusting  the  center-tap  by-pass 
capacitor.  Choice  of  tubes  or  of 
bias  operating  point  is  relatively 
unimportant. 

Typical  Meat  ore  meets 

In  making  any  measurement,  it 
is  comforting  to  be  able  to  make  it 
by  at  least  two  radically  different 
methods.  Because  the  range  of  this 
instrument  overlaps  the  upper 
limit  of  the  General  Radio  916-A 
r-f  bridge,  a complete  comparison 
of  the  two  methods  at  50  me  was 


possible.  The  average  difference 
for  random  measurements  was 
within  five  percent  and  in  many 
cases  less  than  two  percent. 

Figure  4 shows  the  results  of  a 
group  of  measurements  to  deter- 
mine the  characteristic  impedance* 
of  a 50-foot  length  of  concentric 
line.  The  open-circuit  and  short- 
circuit  reactances  of  the  line  are 
plotted  as  a function  of  frequency 
without  regard  to  sign. 

Figure  5 gives  the  characteristics 
of  a dipole  fed  with  a length  of  EOl 
cable.  As  this  is  a balanced  im- 
pedance and  the  instrument  is  an 
unbalanced  device,  the  measure- 
ment is  tedious  but  the  curves 
indicate  the  results  that  can  be  ex- 
pected and  demonstrate  the  con- 
sistency of  the  measurements.  The 
value  of  about  76  ohms  resistance 
at  resonance  is  reasonable. 
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Interference-Free 
WE  ATHERO  METER 


Accelerated  weathering  is  applied  to  plastic  and  rubber  materials  and  measured  with 
photoelectric  equipment.  Automatic  cycling  of  wetting  and  irradiation  is  provided  and 
no  radio  interference  is  caused.  The  action  is  about  ten  times  faster  than  outdoor  exposure 


FIG.  1 — Int«i«mc»iiM  wtatharometar  lor  accalerotad  waathartn^  toad 
of  components 


THE  weatherometer  to  be  de- 
scribed was  developed  to  fur- 
nish accelerated  weathering  for 
testing  components  of  aircraft  ra- 
dio equipment.  Such  tests  are  made 
on  plastic  and  rubber  material  and 
nameplates.  The  device  simulates 
the  conditions  of  rain  and  sunlight 
and  provides  two  hours  of  wetting, 
two  hours  of  irradiation,  two  more 
hours  of  wetting  and  18  hours  of 
irradiation  as  prescribed  in  Fed- 
eral and  Navy  aeronautical  specifi- 
cations. This  is  continued  through 
10  cycles  or  240  hours. 

The  weathering  conditions  are 
provided  by  two  infrared  lamps 
for  heat,  ultraviolet  lamps  for  ir- 
radiation, and  a sprinkler  for  wet- 
ting. Three  sunlight  lamps  were 
used  for  the  ultraviolet  source 
because  a flaming  arc  was  found 
to  cause  radio  interference.  The 
likely  changes  in  the  physical  con- 
dition of  the  samples  after  testing 
are  crazing,  discoloration,  bloom- 
ing, and  warping. 

WMflwrtag  Eqalpmal 

The  complete  unit  is  shown  in 
Fig.  1.  The  lamps  are  mounted  in 
an  aluminum  reflector  the  length 
of  the  cabinet,  with  each  infrared 
lamp  between  two  sunlight  lamps. 
The  sprinkler  is  a brass  pipe  per- 
forated with  small  holes  and  oper- 
ated by  a solenoid-type  valve. 

A wire  rack  is  fitted  inside  the 
cabinet  so  that  the  sample  material 
is  centered  at  a vertex  point  where 
water  spray,  light  rays,  and  air  cur- 
rent from  a blower  meet. 

Photoelectric  equipment  was  con- 
structed for  measurement  of  the  de- 
gree of  weathering.  In  this,  the 
light  source  is  a six-volt  automobile- 
type  bulb  mounted  in  front  of  a 
reflector  and  lighted  from  a storage 

iso 


battery.  A Weston  Photronic  cell 
with  a Viscor  Alter  is  connected  to 
an  ammeter  with  a 100-/ia  range. 
A variable  resistor  is  used  to  adjust 
the  light  intensity. 

The  light-source  is  mounted  be- 
hind a partition  equipped  with  a 
one-inch  circular  aperture  in  one 
end  of  the  box.  In  the  other  end 
of  the  box  and  18  inches  away  is 
a similar  partition  equipped  with  a 
one-inch  aperture  in  front  of  the 
cell. 

Calibration 

For  test  samples,  strips  of  cel- 
lulose nitrate  material  0.125  inch 
in  thickness  were  subjected  to  the 
weathering  cycle  and  outdoor  ex- 
posure. The  amount  of  discolora- 
tion was  measured  on  exposed  sam- 
ples each  day  by  light  transmission 
methods. 

The  test  samples  were  cleaned  of 
dust  and  grease  and  measured  by 
placing  in  front  of  the  aperture  at 
the  cell.  The  cell  receives  the  unde- 
viated fraction  of  the  light  and 
part  of  the  scattered  light  which  is 
not  deflected  at  angles  greater  than 


about  90  degrees.  The  total  light 
transmission  of  the  test  sample  is 
the  fraction  of  the  original  light 
received  by  the  cell  which  continues 
to  reach  the  sensitive  element 
When  the  reading  taken  without 
the  test  sample  is  100  /ia,  the  read- 
ing taken  with  the  sample  in  front 
of  the  Photronic  cell  aperture  gives 
the  percentage  of  total  light  trans- 
mitted. 

Manaal  Ctrinli 

On  the  black  Bakelite  panel 
shown  in  Fig.  1 are  eight  toggle 
switches.  The  switch  on  the  e 
side  of  the  panel  operates  the 
blower,  and  the  cluster  of  three 
switches  controls  the  three  sun 
light  lamps.  A choice  of  one,  two. 
or  three  sunlight  lamps  can  be  • 
The  next  two  switches  to  the  rig 
control  the  infrared  lamps- 
other  switch  operates  the  solenoi 
valve  for  the  sprinkler. 

The  heart  of  the  automatic  co  - 
trol  is  the  rotary  selector  sw' 
shown  in  Fig.  2.  This  was  obtain 
from  a pin-ball  machine  and  has 
contacts  of  which  25  are  us 
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selector  switch  ( A in  the  circuit  of 
Fig.  3)  is  operated  by  two  solenoid 
magnets,  one  magnet  operating  a 
ratchet-wheel  and  the  other  sole- 
noid controlling  the  kick-back. 

Weother  Sequence 

A cardboard  dial  is  fastened  to 
the  shaft  of  this  switch  and  is  num- 
bered from  1 to  24,  denoting  hours. 
The  first  two  segments  are  also 

marked  RAIN,  the  next  two  are 
marked  SUNSHINE,  the  fifth  and 
sixth  contacts  are  marked  RAIN 
and  the  remaining  18  are  marked 
SUNSHINE.  The  25th  contact  op- 
erates the  kick-back  solenoid  which 
releases  the  ratchet  and  allows  a 
spring  to  return  the  ratchet-wheel 
to  its  starting  position.  At  the  same 
time,  the  electromagnet  in  another 
selector  switch  of  the  telephone 
type  (B  in  Fig.  8)  which  is 
mounted  on  the  lid  of  the  automatic 
control  is  energized. 

To  start  the  automatic  cycling 
device,  the  switch  on  the  extreme 
right  of  the  manual  control  panel  is 


no.  2 — Thu  control  panel  oi  the 
w*athe«emeter  contains  switches,  loses. 
an<*  vStt  lights.  The  rotary  selector 
•witch  came  from  a pin-ball  machine 
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operated.  With  all  switches  in  theiy 
off  positions,  the  automatic  control 
switch  starts  the  Telechron  clock 
of  the  interval  timer. 

A pushbutton  in  the  interval 
timer  is  used  for  a momentary  im- 
pulse to  lock  relay  C into  place. 
With  this  relay  locked  and  the  auto- 
matic control  switch  on,  the  clock 
runs.  The  dial  on  the  shaft  is  di- 
vided into  60  segments  denoting 
minutes.  A glance  at  the  two  dials 
shows  the  number  of  hours  and 
minutes  of  any  24-hour  cycle. 

The  relay  which  closes  the  cir- 
cuit between  the  contacts  of  the 
solenoid  valve  switch  is  closed  due 
to  the  position  of  selector  switch  A 
which  is  on  its  number  1 contact. 
Number  1 panel  lamp  of  the  ten 
shown  on  the  front  of  the  automatic 
cycling  device  is  lighted  denoting 
the  first  24-hour  cycle  or  day.  Now 
at  a glance  we  can  add  days  to  our 
computation  of  time  of  weathering 
or  calculate  the  time  necessary  to 
finish  the  required  10  cycles  of  24 
hours.  At  the  end  of  the  10th  cycle, 
the  selector  switch  B makes  the  11th 
contact  which  energizes  the  elec- 
tromagnet which  unlocks  relay  C. 
This  opens  the  a-c  input  and  com- 
pletely shuts  the  weatherometer 
down. 

Interval  Umar 

The  interval  timer  makes  a mo- 
mentary contact  of  its  built-in 
switch  every  hour.  This  impulse 
energizes  the  solenoid  magnet  of 


the  rotary  selector  switch  and,  at 
the  end  of  the  first  hour,  the  ener- 
gized solenoid  moves  the  ratchet- 
wheel  contact  to  the  second  contact. 
This  contact  also  connects  to  the 
solenoid-valve  relay,  and  conse- 
quently the  rain  part  of  the  cycle 
remains  on. 

At  the  next  impulse  from  the  in- 
terval timer,  the  selector  switch 
moves  up  another  contact;  this 
breaks  the  solenoid-valve  circuit 
and  cuts  in  the  relays  controlling 
the  blower,  sunlight  lamps  and 
both  infrared  lamps.  The  weather- 
ometer is  now  on  the  sunshine  part 
of  the  weathering  cycle.  The  inter- 
val timer  continues  to  operate  the 
selector  switch  through  its  control- 
ling relay  every  hour  of  the  24- 
hour  cycle. 

When  the  25th  contact  is  made, 
the  kick-back  solenoid  of  the  rotary 
switch  A returns  it  to  contact  num- 
ber 1 to  begin  the  second  cycle.  This 
25th  contact  also  energizes  the 
ratchet-wheel  magnet  of  selector 
switch  B and  moves  the  switch 
arm  to  contact  number  2,  turning 
off  the  first  light  of  the  10  denoting 
the  number  of  cycles  or  days  and 
turning  on  panel  light  number  2. 
This  indicates  that  the  first  24-hour 
cycle  is  completed  and  the  second 
cycle  is  starting. 

The  acceleration  factor  of  the 
interference  - free  weatherometer 
was  found  to  be  between  10  and  11 
times  greater  than  results  obtained 
from  outdoor  exposure. 
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Vectorial  Treat 


II 


of  TRANSMISSION 

LINES 


By  representing  current  and  voltage  as  vectors,  and  dis- 
tance along  the  line  as  phase  displacement,  a clearer 
treatment  of  transmission  lines  is  obtained  than  that 
given  by  equations.  Typical  problems  are  solved 


FIG.  1 — (A)  Transmission  line  showing 
relation  oi  point  surge,  and  load  im- 
pedances. and  (B)  currents  and  eoltages 
at  load  for  a load  of  2 Z. 

By  J.  P. SHANKLIH 

Ateietant  Project  Engineer,  Bendia  Radio 
Division  of  Bendia  Aviation  Corp. 
Baltimore , Md. 

Most  transmission  line  prob- 
lems can  be  solved  by  vectors. 
The  use  of  vectors  makes  the  action 
of  the  line  clear  and  allows  visualiz- 
ations which  would  otherwise  be 
difficult. 

CoadHio.t  at  Load 

Standing  waves  on  a transmission 
line  are  caused  by  two  waves,  the 
incident  and  the  reflected  waves, 
traveling  in  opposite  directions.  At 
certain  points  the  two  voltages  add 
and  at  certain  other  points  they 
subtract  In  Fig.  1A  let  Z,  = 
2Z./ 0°.  A 2:1  standing  wave  ratio 
will  be  caused  by  the  mismatch,  the 
maximum  value  of  which  will  be 
E o + E,  and  the  minimum  value 
Eo  — E,  and  Eo  -b  E,  = 2 ( Eo  — 
Em)  or 

Eo/E,  = 3 (1) 

where  the  symbols  are  as  defined  in 
Table  I. 

The  load  is  resistive  and  higher 
than  the  line  impedance,  therefore 
there  is  a high  of  the  standing  wave 
at  the  load  or 

Em  — Eo  *b  Em  (2) 

The  voltage  vectors  of  Fig.  IB  may 


be  drawn  from  Eq.  (1)  and  (2). 

As  to  the  currents  involved,  the 
incident  current  I0  is  considered  to 
be  in  phase  with  the  incident  volt- 
age Eo  but  the  reflected  current  1, 
is  considered  to  be  180°  out  of 
phase  with  the  reflected  voltage  Em- 
This  is  because  of  the  sense  of  di- 
rection of  flow  which  has  been 
chosen. 

The  reflected  wave  may  be  con- 
sidered as  negative  power  because 
it  is  returning  to  the  generator.  The 
voltages  are  considered  to  have  the 
same  direction  sense  because  both 
are  measured  across  the  line.  A 
scale  for  the  currents  is  chosen 
which  will  make  the  vectors  I0  equal 
Eo  and  /,  equal  E,  in  length.  The 
ratio  of  the  scales  used  for  voltage 


and  current  is  dependent  on  theta 
surge  impedance  Z0  according  to 
the  relation 

Scale  Ratio  = Z0  = Eo/U  = 
E./I.  ® 

ConditUM  Away  Froa  U«4 

Figure  2A  is  a vector  diagram  oi 
the  line  voltages  and  currents  for 
the  same  load  as  in  Fig.  1 but  when 
l equals  45  electrical  degrees  of  ta 
A single  vector  is  used  to  repre- 
sent Eo  and  U-  This  vector  is  ad- 
vanced 46°  (counterclockwise)  fro® 

the  position  of  E0  and  U in  Fig.  1 
because  the  incident  wave 
reach  this  point  earlier.  The  vector 
Em  is  drawn  from  the  terminal  of 
vector  Eo,  U and  retarded  (clock- 
wise) 46°  since  the  reflected  wave 
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USE  PUNCH  #PD-204  TO  PERFORATE 
SHEAR  AND  FORM  EARS  IN  CHASSIS 
USE  CLINCHING  TOOL  #PD-205  FOR 
THIS  SOCKET 


it’s  "know  how 


• The  NEW  CINCH  catalog,  140 
pages  describing  metal  parts  and 
metal  plastic  assemblies. 


• Anticipating  electronic  sockets  requirements.  Cinch 
developed  for  the  industry  the  original  miniature  socket 
assembly.Manyvariations  have  followed, both  for  peace- 
time and  for  war  purposes.  And  now  the  new  miniature 
chassis  clinch  socket  is  meeting  the  universal  satisfaction 
expected  of  its  design  and  construction,  a product  of 
our  knowledge  of  your  socket  problems.  Illustrated  here 
is  complete  engineering  data.  Samples,  tools,  and  a visit 
by  our  field  engineers  are  at  your  service  on  request. 

ny/'U  MANUFACTURING 
VllrlWn  CORPORATION 

2335  W.  Van  Buren  Street,  Chicago  12,  Illinois 

Subsidiary  of  United-CarT  Fastener  Corp.,  Cambridge  42,  Mass. 
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FIG.  3 — Vectorial  nyrwntatloDi  ol  condition*  at  a complex  load  (A),  and 
some  distance  irom  It  (B) 


reaches  this  point  later. 

The  vector  sum  of  E„  and  E,  re- 
sults in  the  line  voltage  vector  E„ 
The  vector  I,  is  drawn  as  before, 
180°  out  of  phase  with  E,.  The 
vector  sum  of  h and  /«  results  in 
the  line  current  vector  /,.  This  dia- 
gram reveals  that  „ 

Z;  =E,H,  - Z.  7—37° 

and  also  that  the  phase  angle  of  E „ 
and  /»  relative  to  E,  and  7 . can  be 
measured. 

Figure  2B  is  the  vector  diagram 
when  l is  110°  and  yields  the  follow- 
ing data 

Z,  = 0.608  Z/26°. 

/„  is  100°  ahead  of  load  current'/,. 
E is  126°  ahead  of  load  voltage  E„ 
Figure  3A  is  the  vector  diagram 
at  a complex  load  1.36  Z.  /— 49°. 

TABLE  I 

DEFINITION  OF  SYMBOLS  USED  IN 
THE  TEXT 


Eo,  I a — Incident  voltage  and  cur- 
rent at  the  load 

Ei,  / Voltage  and  current  across 
load  Z i 

Eb,  In — Voltage  and  current  re- 
flected by  the  load 

0 ; 

Eb,  I i — Voltage  and  current  a dis- 
tance 1 from  the  load  to- 
ward the  generator 

Zo  — Surge  impedance  of  the 

transmission  line 

Zb  — Impedance  of  the  termi- 

nating load 

Zb  ■ — Impedance  at  a point  on 

the  transmission  line 

( — Distance  along  trans- 

mission line  measured  in 
electrical  degrees  from  the 
load  toward  the  generator 

For  other  symbols  used  in  text,  see 
circuit  diagrams 
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First  the  vectors  /,  and  /?«  are 
drawn,  making  E,  equal  1.36  /,  and 
current  leading  49°.  /,  has  been 
taken  on  the  zero  or  reference  axis 
although  this  is  immaterial. 

Connect  the  terminals  of  /,  and 
Em  and  plot  a point  in  the  center  of 
this  line.  This  point  is  the  terminal 
of  the  E0,  h vector.  /,  can  be  seen 
to  be  the  vector  sum  of  /»  and  /„ 
and  E,  the  vector  sum  of  E0  and 
E„  The  Eo,  h and  E„  1,  vectors 
have  now  been  determined  so  that 
the  vector  diagram  for  any  point  on 
the  line  may  be  drawn. 

Figure  3B  is  the  vector  diagram, 
209°  away  from  the  load.  The  E„, 
I0  vector  has  been  rotated  209° 
counterclockwise  from  its  position 
in  Fig.  3A  and  Eb  and  /,  have  been 
rotated  clockwise  209°  from  their 
positions  in  Fig.  3A. 

Astasia  Fssdlsg 

A problem  sometimes  encount- 
ered in  a high-frequency  array  is  to 
feed  three  dipoles  in  phase,  the 
center  dipole  to  be  fed  1.6  times  the 
current  of  the  outer  dipoles.  This 
problem  is  similar  to  that  of  feed- 
ing the  towers  of  a broadcast  trans- 
mitter at  the  necessary  current 
amplitudes  and  phases  to  develop  a 
required  radiation  pattern. 

The  feeding  system  is  shown  in 
Fig.  4A.  Because  the  end  an- 
tennas were  similar,  they  were  com- 
bined reducing  the  circuit  to  that  of 
Fig.  4B  and  impedances  expressed 
in  terms  of  the  feed  line  imped- 
ances. Fig.  4C  is  the  vector  dia- 
gram at  the  Z,  load  and  Fig.  3A  the 
vector  diagram  at  the  Z,  load.  Note 
that  the  two  load  current  vectors 
are  drawn  to  satisfy  the  antenna 
requirements.  That  is,  they  are  in 
phase, ~&ndjjie  length  of  /,  Fig.  4C 


is  scaled  two  units  representing 
current  in  both  end  dipoles,  and  1, 
of  Fig.  3A  is  scaled  1.5  units. 

There  are  three  requirements  to 
be  met:  (1)  dipole  currents  mast 
be  in  phase,  (2)  dipole  currents 
must  be  in  a 1.6  to  1 amplitude  ra- 
tio, and  (3)  a resistive  50-ohm  load 
must  be  presented  to  the  60-ohm 
line.  Using  the  two  variables  l,  and 
/,  it  is  probable  that  any  two  of 
these  requirements  can  be  satisfied. 
The  first  two  have  been  chosen  be- 
cause they  must  be  satisfied  before 
the  lines  are  joined.  The  loads  must 
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MALLORY 

CONTACT 

ASSEMBLIES 

Must  Pass 
X-Ray  Inspections 

THERE’S  no  guesswork  about  the  bond  between 
contact  facings  and  backings  manufactured  by 
Maliory.  Contact  assemblies  and  contacts  are  checked 
with  this  250,000-volt  X-ray  machine  . . . and  both 
the  bond  and  structure  of  the  metals  bonded  must 
pass  a searching  inspection. 

Grueling  life  tests  under  the  toughest  operating 
conditions  . . . precise  control  of  every  metallurgi- 
cal factor  . . . these  are  other  reasons  why  Mallory 
Contacts  and  Contact  Assemblies  are  noted  for  their 
dependable  performance,  long  life  and  ability  to 
withstand  electrical  overloads. 

Mallory  research  has  developed  many  new  contact 
alloys  and  powdered  metals.  Mallory  manufacturing 
"know-how”  has  produced  millions  of  contacts  and 
contact  assemblies  of  uniformly  high  quality. 
Mallory  design  engineers  have  helped  many  indus- 
tries . . . producing  relays,  industrial  controls, 
circuit  breakers,  business  machines,  domestic  appli- 
ances and  other  products  ...  to  specify  or  design 
the  right  contact  or  assembly  before  blueprints 
have  left  the  drafting  board.  Thus  Mallory  has 
become  Contact  Headquarters. 


X-ray  inspection  assures  the  quality  of  Mallory 
Contacts  and  Contact  Assemblies  made  of  silver , 
platinum,  Elkonite *,  Elkonium*  and  Tungsten. 


Whether  you  need  complete  contact  assemblies, 
individual  contacts,  or  the  assembly  of  contacts  to 
your  own  brackets,  studs,  springs  or  arms,  consult 
Mallory  on  your  specific  problem.  Write  us  today 
if  you’d  like  samples  to  test  in  your  applications. 

Write  today  for  your  copy  of  the  Mallory  contact 
catalog.  The  New  Mallory  Contact  Data  Book  will 
be  sent  gratis  to  engineers  when  requested  on  com- 
pany letterhead.  Available  to  students,  libraries  and 
schools  at  $2.50  per  copy,  postage  paid. 

P.  R.  MALLORY  A CO.,  Inc.,  Indianapolis  6,  Indiana 


*R<sg.  V.  S.  Pat.  Off.  for  eUrtric  contactina  rlrmmto. 


electrical  contacts  and  contact  assemblies 
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give  enough  reflection  to  cause  suf- 
ficient impedance  variations  along 
the  lines  to  make  a solution  pos- 
sible. 

It  is  then  necessary,  by  drawing 
trial  vector  diagrams  for  different 
lengths  of  h and  U,  to  find  the 
lengths  which  will  fill  the  first  two 
requirements.  Because  the  loads  do 
not  greatly  mismatch  their  lines, 
lengths  near  even  X/2  multiples 
were  tried  in  hopes  of  also  partially 
satisfying  requirement  (8).  Also, 
it  is  apparent  that  U must  be  longer 
than  li  because  the  current  in  Z,  is 
to  lead  the  current  in  Z,  by  89“  and 
must  therefore  be  retarded. 

Figure  4D  is  the  solution.  In 
order  to  connect  the  two  lines  to- 
gether their  voltages  must  be  equal 
and  in  phase.  The  apparent  differ- 
ence in  amplitude  of  the  E,  volt- 
ages in  Fig.  4D  and  E is  due  to 
2:1  ratio  of  scales  used  for  the  150 
and  75-ohm  lines.  The  current 
scales,  however,  are  equal. 

Impedance  Matching 

Figure  5 is  the  vector  diagram 
of  the  input  currents  and  voltage 
at  the  juncture  of  k and  l*.  The  cur- 
rents I,  and  /,  in  the  two  lines  are 
added  vectorially  to  give  the  50- 
ohm  line  current  The  E,  vector 
is  the  same  vector  as  E,  of  Fig.  4D 
and  4E  except  that  the  voltage  scale 
has  been  changed  to  conform  to  a 
50-ohm  line.  The  input  impedance 
of  1.1  Z.  /— 21.5°  would  be  consid- 
ered satisfactory  for  most  high-fre- 
quency work. 

The  impedance  55  ohms  /— 21.5° 
may  be  matched  to  the  50-ohm  line 
by  the  short-stub  corrector  shown 
in  Fig.  6A.  First  draw  the  vector 
diagram  of  Fig.  6B  at  the  load.  As 
In  is  leading  E„  an  inductive  or  lag- 
ging current  will  be  needed  to  bring 


Zs=1.IZ0|-2!,5“ 
50  n. 

Zs=  55  1-21.5° 


FIG.  5 — At  the  lonctuie  ol  the  feed 
line*  of  Fig.  4B  the  voltage*  and  cur- 
rents have  this  relation  a*  determined 
from  Fig.  4D  and  4E 
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them  into  phase.  Also,  the  length 
of  the  I,  vector  must  equal  the  E, 
vector  to  represent  a 50-ohm  load. 

Next  draw  the  diagram  of  Fig. 
6C.  Draw  the  Eo,  U vector  of  Fig. 
6B  at  any  angle  (180°  in  Fig.  6C). 
From  the  terminal  of  Eo,  Io  strike 
an  arc  of  radius  equal  to  E§-  Draw 
the  vectors  E,  and  E„  making  the 
angle  between  them  90°.  Draw  /. 
and  /,.  h will  then  represent  the 
inductive  current  to  be  drawn  by 
the  correcting  stub.  Note  that  it 
lags  90°  behind  the  voltage  E, 
across  the  stub. 

The  60-ohm  line  current  In  is  the 
vector  sum  of  /«  and  the  input  cur- 
rent I , to  line  L The  angle  between 
E0  and  E,  in  Fig.  6B  is  105.5°  and 
the  angle  between  E0  and  E,  in  Fig. 
6C  is  79°.  The  difference  of  26.5° 
is  caused  by  their  rotation  in  travel- 
ing over  the  length  of  line  Ii.  The 
electrical  length  of  i,  will  be  half 
this  amount  or  13.26°  because  the 
vectors  rotate  in  opposite  direc- 
tions. If  desired,  Fig.  6C  may  be 
redrawn  in  proper  angular  refer- 
ence to  the  preceding  diagrams. 
This  results  in  Fig.  6D  which  is  the 
input  diagram  for  Z , = 1.1  Z0 
/— 21.5°  and  U - 13.25°. 

Figure  6C  could  have  been  drawn 
by  calculating  the  magnitude  of  E , 
first,  and  drawing  Et  at  right  an- 
gles to  E,.  The  total  power  on  the 
line  will  be  the  same  at  all  points, 
therefore  in  Fig.  6B  P = E,IB  cos 
21.5°,  or  scaling  Et  and  /*,  P = 200 
X 3.6  X 0.930  = 670.  In  Fig.  6C, 
P = En'/Zo  or  670  = E.'/ 60,  thus 
E,  = 183. 

Stab  Laagth 

In  determining  the  length  of  the 
stub  2,  of  Fig.  6A,  first  consider 
the  characteristics  of  a shorted  line. 
There  will  be  100  percent  reflection 
at  the  short,  therefore  E,  will  equal 
Eo  and  I,  will  equal  There  can 
be  no  voltage  across  the  short, 
therefore  E,  must  be  180°  out  of 
phase  with  Eo  at  the  short.  Since 
the  voltages  are  180°  out  of  phase, 
the  currents  h and  J»  must  be  in 
phase  and  adding.  A vector  dia- 
gram could  be  drawn  representing 
these  conditions  at  the  short 

Now  draw  Fig.  6E,  the  vector 
diagram  for  the  input  to  the  stub. 
/„  and  Eb  are  copied  from  Fig.  6D. 
Eo  and  En  are  45°  out  of  phase  in 
Fig.  6E  and  were  180°  out  of  phase 
at  the  short.  Since  E0  turns  count- 


erclockwise and  Eb  clockwise,  to 
have  reached  their  position  in  Fig- 
6E  they  must  have  moved  in  rels- 
tion  to  each  other  by  the  larger  an- 
gle between  them,  or  135°.  There- 
fore U of  Fig.  6A  must  then  W 
half  this  long  or  67.6°. 

Li***  With  Lon 

So  far  only  lossless  lines  have 
been  considered.  Transmission  me 
problems  involving  lines  having 
loss  are  complicated  when  ban 
by  formulas,  but  the  use  of  vec 
simplifies  this  type  of  problem. 

Because  a transmission  lme 
linear,  the  percentage  If*  to 
incident  wave  will  equal  the  pe 
centage  loss  to  the  reflected  w ^ 
If  the  input  and  output  powers, 
known  or  can  be  measured,  e 
loss  can  be  determined,  and  ap 
tioned  for  any  length  line. 
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250  mid  1000  WATT  FM  BROADCAST  TRANSMITTERS 


ARE  Ok  Way . . . 


For  many  years,  HARVEY  OF  CAMBRIDGE 
has  built  transmitters  considered  standards  of 
quality  and  dependability.  Yet,  these  new 
HAR-CAM  FM  Broadcast  Transmitters  that  are 
about  ready  for  release,  will  be  far  and  away 
the  finest  ever  to  bear  the  HAR-CAM  name. 

Here’s  why: 

As  specialists  in  the  manufacture  and  develop- 
ment of  communications  equipment,  receivers 
as  well  as  transmitters,  for  Commercial,  Marine 
and  Emergency  use,  we  have  gained  a thorough 
knowledge  and  understanding  of  all  phases  of 
the  industry.  This  sound  background  has  been 
greatly  enhanced  by  the  additional  skill  and 
“know-how”  gained  through  war  work,  par- 


ticularly in  the  development  and  production  of 
vital  Loran  Radar  Transmitters  and  other  im- 
portant communications  units.  Add  to  this 
improved  production  facilities  and  advanced 
precision  methods  of  manufacture  and  you  can 
readily  understand  why  HAR-CAM  FM  Broad- 
cast Transmitters  will  provide  the  last  word  in 
efficient,  dependable  and  economical  trans- 
mission. 

Now  is  the  time  to  get  the  complete  story  on 
these  new  HAR-CAM  250  and  1000  wan  FM 
Broadcast  TRANSMITTERS. 


HARVEY  RADIO  LABORATORIES* - INC. 

«J»  CONCORD  AVENUE  - CAMBRIDGE  SB.  MASSA 
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NEW  PRODUCTS 


New  materials,  new  components,  new  as- 
semblies; new  measuring  equipment; 
new  technical  bulletins,  and  new  catalogs 


Electronic  Depth  Recorder 


Bendix-Marine  division  of  Bendix 
Aviation,  Baltimore  4,  Md.,  an- 
nounces it  will  soon  produce  in  vol- 
ume a supersonic  depth  recorder  for 
small  boats  and  pleasure  craft.  The 
unit  is  designed  to  help  make  coastal 
navigation  safer  in  fog  and  night 
and  to  locate  fishing  banks  and 
schools  of  fish.  Five  vacuum  tubes 
are  utilized  in  the  unit  Essentially 
there  are  two  main  units  in  the 
depth  sounder;  the  recorder  and  the 
underwater  transducer. 

The  cabinet  of  the  recorder  unit 


mounts  compactly  in  a ruggedly 
built,  splashproof  aluminum  case 
which  measures  10x16x21}  in.  It 
houses  the  graphic  recording  me- 
chanism, signal  sender,  echo  ampli- 
fier, synchronous  driving  motor  and 
power  pack.  Total  weight  is  90  lb. 
The  underwater  unit  is  a special 
crystal  transducer  which  weighs  22 
lb.  and  measures  7 in.  in  diameter. 
The  same  transmitter  which  pro- 
jects supersonic  signals  downward 
from  the  ship’s  bottom,  also  acts  as 
the  echo  receiver. 


the  tucordar  1*  shown  mounted  In  the  wheel  house  of  a seagoing  laboratory  ship. 
Recordings  mad*  on  Flushing  Bay.  N.  Y.  during  a recent  demonstration  are  shown 
hot*  oa  the  chart  In  the  illustration.  Linos  at  leit  and  right  show  the  depth  oi  water 
In  loot;  the  lino  at  topcenter.  the  depth  In  fathoms.  By  changing  the  speed  oi  the 
graphic  recorder  readings  can  be  obtained  elthor  in  feet  or  in  fathoms 


IM 


The  device  bounces  a high- 
frequency  signal  off  the  bottom  of  i 
the  sea  and  draws  a permanent  and 
accurate  picture  of  the  ocean  hot-  * 
tom.  The  design  of  the  recorder 
minimizes  maintenance  costs.  No 
special  skill  is  required  to  maintain  S 
the  unit. 


This  Tlsw  oi  the  seagoing  labordotr 
■Mp  shows  the  outboard  rigging  («• 
the  starboard  skis)  which  maksi  pm* 
bis  the  use  oi  the  depth  sounder  de 
▼eloped  an  a completely  portable  mil 


Plate  Circuit  Relay  , 

Standard  type  plate  circuit  relays  , 
(LMR  Series)  are  available  in  both 
single  and  double  pole  contact  ar- 
rangements. Single  pole  relays  mea- 
sure 2ix28xli  in.  Double  pole 
types  measure  21  x 21  x 21  hr 
Mounting  dimensions  are  2 tapped 
holes  6-32  thread,  lA-in.  center  t« 
center.  Relays  are  constructed  with 
extra  large  coils  to  make  them  sen 
sitive  and  to  give  good  contact  pres- 
sure at  low  current  values.  Stand- 
ard adjustment  is  approximately 


1 w for  sp  types,  and  0.2  w for 
t types,  with  lower  values  avails 
necessary.  Unless  specified,  “ 
cts  are  of  A -in.  fine  silver. 

e available  in  all  resistances  up  “ 

,000  ohms.  Contact  arrangement 
ailable  include  spdt;  spst  no 
ly  open;  spst,  normally  ' ’ 

>dt  dpst,  normally  openiand  P 
irmally  closed.  Potter  & Brum 
:ld  Mfg.  Co.,  Inc.,  214  Linden 
rinceton,  Ind. 
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IRC  TYPE 

i WATT  INSULATED 
WIRE  WOUND  RESI! 


era’s  a brand  new  IRC  resistor  that  until  a few  weeks 
ago  was  very  "hush-hush”  except  to  a few  selected 
laboratories  and  prime  contractors  engaged  in 
development  and  manufacture  of  VT  proximity  fuzes. 
Production  on  this  small,  efficient  unit,  in  the  last 
several  months  before  V-J  day,  mounted  to  amazing  figures 
to  keep  pace  with  the  advancing  victory  tempo.  Now  this 
same  high  quality  resistor  is  available  in  quantity  to  help 
solve  many  a "small  space"  resistance  problem  for 
you.  Rated  a full  quarter  watt,  small  'round  as  a match 
stick  and  but  13/32"  in  length,  this  sturdy  insulated  wire 
wound  can  be  depended  upon  for  "Preferred  Performance." 
For  technical  data  refer  to  IRC  Engineering  Bulletin  No.3, 
available  on  request  from  Dept.  1-L. 

Xi%  pi 


INTERNATIONAL  RESISTANCE  CO. 


401  NORTH  BROAD  STREET  • PHILADELPHIA  8,  PA. 

In  Canada:  International  Retittance  Co.,  ltd.,  Toronto 


IRC  makas  mor#  typoi  of  roiittanco  uniti,  in  moro  shop**,  for 
i application!,  than  any  othar  manwfactoror  In  tha  world. 
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Electronic  Tachometers 


Newest  additions  to  Hewlett-Pack- 
ard Company’s  (Palo  Alto,  Calif.) 
group  of  laboratory  and  production 
testing  instruments  are  hp  models 
605A  and  505B  electronic  tacho- 
meters. The  tachometer  (consisting 
of  a photocell  and  light  source  hook- 
up) used  in  conjunction  with  an 
electronic  frequency  meter,  is  used 
to  measure  the  speeds  of  moving 
parts  over  a range  from  about  300 
rpm  (5  rps)  to  3,000,000  rpm  (60 
rps).  The  unit  is  capable  of  mea- 
suring very  high  speeds  of  rotating 
parts  which  have  small  energy,  or 
which  cannot  be  mechanically  con- 
nected to  any  measuring  device. 
Danger  of  making  multiple  or  frac- 
tional errors  are  eliminated,  and  an 


instantaneous  record  of  the  con- 
tinuous speed  is  provided.  A re- 
corder connected  to  the  output  of 
the  instrument  makes  a permanent 
record  of  these  readings.  Speeds 
below  300  rpm  can  be  measured 
with  the  unit  by  means  of  slight 
additional  preparation  of  the  shaft 
or  surface  to  be  measured.  Model 
506A  is  calibrated  in  rpm;  model 
505B  in  rps.  Some  suggested  appli- 
cations include  measurements  of 
small,  high  speed  motors,  ultra- 
centrifuges, or  the  electronic  fre- 
quency meter  can  be  used  alone  to 
measure  the  frequency  of  alternat- 
ing current  at  frequencies  as  high 
as  50  kc.  A technical  data  sheet 
is  available  from  the  manufacturer. 


Colling  Radio  Products 


Collins  Radio  Co.,  Cedar  Rapids, 
Iowa,  announces : 

A new  4-channel  high  fidelity  re- 
mote amplifier  (type  12-Z)  which 
embodies  circuit  refinements  and 
component  improvements.  The  unit 
weighs  less  than  35  lb,  is  easily  and 
quickly  placed  in  operation,  and  has 
self-contained  power  supplies,  both 
a-c  and  d-c,  the  latter  in  the  form  of 
batteries.  Front-access  attenuators, 
provide  easy  maintenance.  A mas- 


170 


ter  control  is  provided  in  addition  ' 
to  the  individual  control  for  each 
channel.  A meter  calibrated  in  v-u 
indicates  the  volume  level,  and  also 
is  used  to  measure  operating  volt- 
ages. Monitoring  facilities  are  also 
included.  Input  impedance  is  30/50  j . 
ohms.  Output  is  50  mw  at  less  than  | 
1 percent  distortion  into  a 600-ohm 
load.  The  frequency  response  is  30- 
12,000  cps,  ±1.0  db.  Overall  gain  is  j 
approximately  95  db.  1 

Type  12-Y  remote  amplifier  is  a 
lightweight,  single  channel,  high  j 


fidelity  amplifier  suitable  for  dance 
orchestra  and  newsroom  pickup,  ' 
sports  broadcasts,  and  any  other  ap-  ' 
plication  where  fast  set-up  is  im- 
portant. It  weighs  7 lb  in  its  carry- 
ing case,  has  three  stages  of  amplifi- 
cation for  a maximum  gain  of  84  db,  |( 

a universal  input,  and  600-ohms  i 
output.  The  unit  operates  from  110 
v,  ac,  60  cps.  Power  supply  is  self- 
contained. 

Type  21-A  a-m  broadcast  trans- 
mitter for  the  540-1600-kc  range 


las  an  audio  frequency  response 
:urve  flat  from  30-10,000  cps,±l» 
lb.  Noise  level  is  more  than  60  do 
>elow  100  percent  modulation.  D'3- 
.ortion  is  less  than  3 percent  rms. 
rhe  carrier  frequency  is  maintained 
:onstant  to  within  =fc  10  cps- 
ranamitter  carries  full  FCC  >P" 
jroval  for  5000  and  1000  w bign- 
idelity  broadcast  operation. 
mtput  of  1 kw  can  be  obtained  m- 
itantaneously  by  operating  a swi 
vhich  controls  plate  voltages. 

Type  300-G  a-m  broadcast  tra 
nitter  utilizes  high  Ieve*  c“s 
nodulatitm.  ‘It  is  rated  250/ 
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• • • Comparative  Graph  Proves  SHURE  Super-Cardioid 
Microphone  twice  as  unidirectional  as  Cardioid  • * . 


Here  is  the  difference  in  pickup  patterns  between  the  Cardioid  and  the 
Shure  Super-Cardioid  Microphone.  Maximum  sensitivity  (100%)  is  achieved 
by  sound  approaching  the  Microphone,  directly  at  the  from-  At  60  o t 
front  axis  sensitivity  of  the  Super-Cardioid  is  only  slightly  less  than  the 
sensitivity  of  the  Cardioid  (69%  against  75%).  The  Super-Cardioid  insures, 
therefore,  a wide  range  pickup  at  the  front.  Beyond  the  60  ang  e,  e 
sensitivity  of  the  Super-Cardioid  decreases  rapidly.  At  90  , the  sensitivity  o 
the  Cardioid  is  50%;  the  sensitivity  of  the  Super-Cardioid  37  /2%>  /2%  ® • 

For  sounds  approaching  at  a wide  angle  at  the  back  (110  to  25  ) e 

sensitivity  of  the  Cardioid  is  33%;  the  Super-Cardioid  15/2%  or  1 7 /2  % ^ss. 
It  has  been  proved  mathematically  that  the  ratio  of  front  to  rear  pic  up 
random  sound  energy  is;  Cardioid  7:1;  Super-Cardioid  14-'l- 

This  additional  directional  quality  is  important  in  critical  aeoustic  work. 
The  Shure  Super-Cardioid,  employing  the  exclusive  uniphase  p p > 
gives  such  performance  in  a single,  compact  rugged  unit. 

SHURE  BROTHERS 

Designers  and  Manufacturers  of  Microphones  and  Acoustic  Devices 
225  W.  Huron  St.,  Chicago  10,  Illinois  • Cable  Address:  SHUREMICR0 
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The  frequency  response  is  flat  from 
30  to  10,000  cps,  with  a maximum 
derivation  of  ±1.0  db.  Two  separ- 
ate temperature-controlled  oscillator 
units  are  standard  equipment,  ei- 
ther of  which  will  maintain  the  car- 
rier frequency  to  within  ± 10  cps. 
Power  output  can  be  reduced  from 
250  watts  to  100  watts  by  a switch 
on  the  control  panel.  All  circuits  are 
properly  metered. 


Radioactivity  Meter 

Type  R-M-82  R meter  is  a sensi- 
tive electronic  device  for  measuring, 
directly,  very  weak  radiations  from 
small  quantities  of  radioactive  ma- 
terials. It  will  -indicate  values  from 
0.000001  to  20.0  R units.  The  meter 
is  calibrated  directly  in  fractions  of 
R units  on  a linear  scale  of  a 4-in. 
meter.  It  has  five  R ranges  which 
are  quickly  selected  by  pushbuttons. 
Full  scales  on  these  ranges  at  maxi- 
mum voltage  are:  0.0001,  0.001, 
0.01,  0.1  and  1.0  units.  By  using 
minimum  voltage  the  least  sensi- 
tive range  can  be  extended  to  20 
R units  for  full  scale.  The  meter 
proper  is  an  electronic  device  which 
measures  currents  as  low  as  0.001 
ma.  A high-voltage  power  supply 
with  adjustable  output  from  100  to 


2000-v  d-c  is  part  of  the  apparatus. 
Safety  switches  are  provided  so 
that  there  is  no  possibility  of  the 
operator  being  exposed  to  the  high 
voltages.  High  sensitivity  of  the 
unit  does  not  affect  its  stability. 
Especially  trained  personnel  is  not 
required  to  operate  the  instrument. 
Various  types  of  units  are  employed 
for  holding  the  chemicals  to  be 
measured.  The  illustration  shows 
one  of  several  arrangements.  In 
this  case  the  material  holder  and 
electrodes  are  enclosed  in  a bell  jar 
for  evacuation.  The  unit  operates 
from  115-v,  a-c,  60  cps.  It  is  housed 
in  two  steel  cases,  each  measuring 
approximately  11  x 8 x 8 in. 

Rowe  Radio  Research  Laboratory 
Co.,  2422  N.  Pulaski  Rd.,  Chicago 
39,  111. 


Vacuum  Switches,  Capacitors 

Three  General  Electric  (Elec- 
tronics Dept.,  Schenectady,  N.  Y.) 
vacuum  switches  are  available  for 
such  applications  as  limit  switches, 
thermostatic  controls,  radio  antenna 
switching,  inertia-controlled  de- 
vices, stratospheric  applications  or 
radio  transmitter  tank-coil  assem- 
bly switching.  Features  of  these 
switches  include  extreme  flexibility 
(either  siow  operation  or  thousands 
of  contacts  per  minute) ; low  resist- 
ance contact;  immunity  to  oil, 
water,  and  dust;  non-inductive 
switch-control  circuit;  elimination 
of  separate  low-voltage  control  cir- 
cuits; low  contact  pressure;  small 
operating  force;  and  long  contact 
life.  They  are  noiseless  and  vibra- 
tionless, mount  in  any  position,  re- 
quire little  space  and  no  mainten- 
ance, reduce  fire  and  explosion  haz- 
ards, and  easy  to  install  and  handle. 

Type  GL-1S21  is  designed  for 
high-frequency  and  high-altitude 
applications.  It’s  circuit  is  a spdt 
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type;  maximum  hold-off  voltage  ; 
across  stationary  contacts  is  rated  . 
approximately  7600  rms;  maximum 
continuous  current  rms,  20  amp. 
The  interrupting  rating,  resistive 
load  for  total  life  of  1000  operations  j a 
at  7500  volts  a-c  rms  is  rated  IS  I 
amp  a-c  rms ; 1,000,000  operations  at  ' 
7500  volts  a-c  rms  is  3 amp  a-c  rms  | * 
total  life  of  500,000,000  operations  ' t 
at  7500  volts  a-c  rms  is  rated  0.1  amp  ! ; 
a-c  rms.  The  other  type  switches  • 
include  types  FA-6  and  FA-15 
which  utilize  spdt  type  circuits.  , 
Type  FA-15  has  a maximum  volt-  j 
age,  a-c,  of  3000  rms  and  a maxi-  i 
mum  continuous  current,  rms  of  15  1 j 


amp.  Type  FA-6  has  a maximum 
voltage,  a-c  of  550  rms  and  a maxi- 
mum continuous  current,  rms  of  10 
amp.  Bulletin  No.  EXT-1  describes 
these  units. 

G-E  vacuum  capacitors  have  been 
designed  for  circuits  where  the  peal 
voltages  range  from  7600  to  16,000 
volts.  They  are  for  use  as  plate- 
tank  and  by-pass  capacitors  in  dia- 
thermy equipment,  and  in  other  r-f 
oscillators  or  amplifiers.  They  ar; 
also  be  used  as  neutralizing  capaci 
tors  in  r-f  amplifiers  in  conjunction 
with  small,  low-capacitance  padding 
capacitors.  Types  GL-1LS2,  1 ■ 

1L36,  1L38  and  1L33  are  the  7500-v 
types  with  ratings  of  6,  12,  25, 
and  100  p/xf  capacitance  resp«- 
tively.  Types  GL-lL31,lh2f.^ 
1L23  and  1L24  are  the  lM^ 
types  with  ratings  of  6,  12,  25, 

and  100  waf  capacitate  respec- 
tively. Bulletin  No.  ETX-2 


Federal  Products 

High-voltage  selenium  reefi^ 
stacks,  hermetically  eealedmjf. 
are  available  in  several  tube  eng® 
and  in  various  voltages  up  t 
volts  from  Federal  Teleph 
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Federal 


From  slender  filament  to  anode  block  ...all  tube  construction  details,  however  small,  are 
important  to  Federal.  That  is  why  this  experienced  and  longtime  manufacturer  uses  the 
illustrated  higli-magnification  metallograph  as  part  of  its  test  equipment  for  checking 
raw  material  quality. 

\n  example  is  the  micro-photo  inset.  Here  is  shown  oxide-free,  high  conductivity  copper 
used  for  copper-to-glass  seals  . . . after  the  material  has  been  reduced  to  a fine  grain,  non- 
porous  structure  through  Federal’s  special  metal-processing  methods 

But  whether  copper,  molybdenum  or  tungsten  . . . they  all  are  subjected  to  the  same 
exclusive  treatment  and  put  through  the  same  searching  scrutiny  . . . assurance  that  only 

the  finest  materials  go  to  make  up  Federal  tubes. 

This  exacting  test  is  another  good  reason  why  Federal  tubes  are  better  tubes  Trans- 
milling,  rectifier,  industrial  power  . . . they  have  a reputation  that  is  deserved  because 

they  are  built  to  stay ■ 

Federal  always  has  made  better  tubes. 
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THE  know-how  gained  in  engineering  transformers  to  war’s  exacting 
specifications  is  now  available  to  solve  your  peacetime  transformer 
needs.  Stancor  engineers  are  ready  to  study  and  master  the  toughest  prob- 
lems you  can  set  them.  Production  men  trained  to  exacting  standards, 
with  modern  equipment  and  precision  winding  machinery,  assure  that 
highest  specifications  will  be  met  in  the  finished  product. 

When  you  have  a transformer  problem,  think  first  of  Stancor.  Competent  sales 
engineers  are  ready  to  satisfy  your  most  exacting  transformer  requirements. 

STANCOR 

l(fvvf^#^5T*N0MD  TRANSFORM!*  CORPORATION 


1500  NORTH  HAISTED  STREET 


CHICAGO  22,  ILLINOIS 


of  the  basic  types  of  construction— 
open,  frame,  Bemi-enclosed,  and 
hermetically  sealed.  Various  ter- 
minal types  can  be  supplied,  inclu  - 
ing  standard  nut-fasteners  an 
solder-type  binding  posts  *> 
porcelain  bases.  Hermetically  aaaiea 
units  utilize  either  compression 
bushings  on  porcelain  bases>  or 
glass-to-metal  fusion  seals  in  0 
piece  covers.  This  type  of  seal  wi 
stands  successive  immersion  in  1 
water  after  hot  tin  dip-  Applies 
of  the  components  include  P 

and  filament  supplies,  audio-* 
quency  and  modulation  transform- 
ers, power  transformers  an 
actors. 
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A/ft  DIELECTRIC  THROUGHOUT  ITS  ENTIRE  LENGTH 

A radio  engineers'  dream  com*  truo  . . . Flat  sheets 
of  copper  die-stamped  into  perfect  super-sensitive 
loops  ...  The  greatest  development  in  loop  antenna 
design  and  manufacture  since  1920  . . . Being 
rectangular  the  AiHoop  has  27%  more  effective  area  . . . 
Better  performance  at  lower  cost ...  No  set  builder  can 
afford  to  overlook  the  significance  of  the  Airloep. 


Ultrahigh-Speed  Reky 


THE  NEW  STEVENS-ARNOU)  Can- 
pany  (22  Elkins  St.,  South  Boatoa, 
Mass.)  Millisec  relay  is  a hermet- 
ically sealed  sensitive  relay  capable 
of  speeds  up  to  1,000  operations  per 
second.  The  basic  design  of  the 
moving  elements  makes  the  ultn- 
high  speed  possible  and  assures  ro 
liabilitv  if  operated  in  the  tuai 
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£Wt&C  WOUND 
INDUCTORS  FOR  R-F  HEATING 

A rugged,  heavy  duty  inductor  is  a vital  necessity  for  the  con- 
struction of  generators  for  R-F  Heating.  Experience  has  shown 
that  B&W  Edgewise  Wound  Inductors  are  admirably  suited  for 
this  purpose.  Requiring  less  space  for  a given  amount  of  induc- 
tance, they  also  offer  more  heat  dissipating  surface  than  wire, 
for  a given  cross-sectional  area. 

B&W  Edgewise  Inductors  can  be  furnished  in  coils  from  iVt" 
inside  to  diameters  in  excess  of  10  inches.  The  minimum  size  of 
strip  is  Ms"  x .050"  while  the  maximum  is  1"  x .250".  Inside 
or  outside  mountings  are  available  either  in  plain  or  tapped 
coils.  Rotary  or  continuously  adjustable  units  are  available  with 
either  inside  or  outside  contact.  Prompt  delivery  can  be  made 
on  all  types. 

When  designing  your  new  electronic  heating  equipment,  be 
sure  and  consider  B&W  Edgewise  Inductors. 

BARKER  & WILLIAMSON 

235  FAIRFIELD  AVE.,  UPPER  DARBY,  PA. 

Export:  UNDETEVES,  INC.,  10  Rack*Msr  Pirns,  Naw  York,  N.  V.,  U.  S.  A. 


speed  ranges.  A glass  envelope  un- 
rounds all  moving  parts  and  pro- 
tects them  from  moisture,  dust  a 
corrosive  fumes.  Sensitivities  down 
to  i mw  are  possible.  Ratings  up  to 
5 amp  can  be  obtained.  Closing 
time  can  be  less  than  1 millisecond. 
Outside  dimensions  of  relays  rated 
at  116-v,  a-c,  1-amp,  are  3 in.  high 
and  11  in.  base  diameter. 


Frequency  Meters 

Vibrating  reed  frequency  meter; 
manufactured  by  Aero  Instrument 
Co.,  3907  San  Fernando  Hoad, 
Glendale  4,  Calif.,  are  direct  read- 
ing frequency  indicators  for  use  on 
lines  where  the  successful  operation 
of  a-c  equipment  depends  upon 
maintenance  of  known  or  conptan 
frequency.  They  are  self-contained, 
requiring  no  auxiliary  appwa 
They  consist  of  a number  of  s 
reeds,  of  high  Q,  each  of  which  t 
tuned  to  a single  frequency  with!” 
the  band  covered  by  the  instrumen 
Indication  is  by  the  visual  pa 
formed  by  the  vibration  of  e r 
in  resonance  with  the  1J“e 
quency.  Excitation  is  electro- 
netic,  and  the  reeds  are  the -J 
moving  elements.  Frequency  r 
are  available  from  10  CP®  , « 
cps  in  increments  of  *,a*5i_°jI)cre- 


BRING  COIL  PROBLEMS  TO  COIL  HEADQUARTERS! 
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It  gives  you  details  of 
fCC  Air  Hardening,  Oil 
Hardening  and  other  Cast- 
.1 To-Shape  Tool  Steels  and 
• ^describes  other  FCC 
).  * money. saving  Tool  Steel 
.•j  Specialties. 

^ct  your  copy — write  for 
« today. 

ADDRESS  DEPT.  E-36 

r.-‘; 


FCC  Cast-To-Shape,  the  modern 
method  of  tool  and  die  making, 
is  effecting  important  savings  of 
time,  trouble  and  money  for  an  in- 
creasing number  of  manufacturers. 

Even  very  intricate  shapes  can 
now  be  cast  successfully  within  an 
eighth  inch  of  finished  size.  This 
means  that  you  buy  less  steel  at  the 
start  and  reduce  machining  costs 
substantially. 

Tools  which  could  not  be  made 
by  conventional  methods  except  in 
sections  can  often  be  fabricated 
from  FCC  Cast-To-Shape  blanks  in 
a single  piece. 

In  many  instances  performance 
of  the  tool  is  better  than  can  be 


obtained  by  fabrication  from  bar 
stock  or  forgings. 

Particulars  are  available  through 
Allegheny  Ludlum  representatives; 
or  write  for  the  booklet  today. 


ALLEGHENY 

LUDLUM 

STEEL  CORPORATION 

Forging  and  Casting  Division 

DITROIT  20,  MICHIGAN 


If  awards  were  being  given  for  blueprints  of  outstanding 

excellence,  those  made  with  Arkwright  Tracing  Cloth  would  certainly  be  in  the 
Blue  Ribbon  class!  Arkwright  cloths  contain  no  surface  oils  to  become  opaque  and 
brittle  with  age.  Exceptionally  high,  longer  lasting  transparency  is  obtained  by 
Arkwright's  exclusive  mechanical  processing  methods. 

EASES  AND  SPEEDS  WORK.  You'll  find  no  pinholes,  specks,  dirt,  stains 
or  other  imperfections  to  detract  from  its  use  as  a drawing  material  or  lower  the 
quality  of  your  reproductions. 


USE  ARKWRIGHT 
TRACING  CLOTHS! 


TOUGH  AND  SERVICEABLE.  Arkwright  Tracing  Cloths  take  erasure  after 
erasure  without  smudging  or  wearing  through.  And  re-inking  is  done  without 
"feathering"  or  blotting.  Countless  copies  can  be  made  without  tearing,  fraying 

or  curling  of  the  original  drawing. 


FREE  SAMPLES.  Samples  of 
this  work-easing,  job-improving 
cloth  will  be  sent  free  on  request  to 
test  on  your  own  drawing  board. 
Write:  Arkwright  Finishing 
Company,  Providence,  R.  I. 


Sold  by  leading  drawing 
material  dealers  everywhere 


AMERICA'S  STANDARD  FOR  OVER  20  YEARS 
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to  0.1  cycle  by  comparing  the  rela- 
tive amplitudes  of  the  reeda.  The  , 
following  standard  models  are  ' 
available  out  of  stock  and  for  early 
production  in  large  quantities: 
Model  7004,  range  69  to  63  cps; 
model  7007,  range  67  to  63  cps; 
model  7006,  range  48  to  62  cps; 
model-  7006,  range  68  to  62  cps; 
model  7009,  range  47  to  64  cps; 
model  7002,  range  48  to  62  and  68 
to  62  cps;  model  4009,  range  380 
to  420  cps. 

Another  instrument  produced  by 
Aero  is  Model  No.  1001  running- 
timd  meter  which  is  also  direct 
reading  for  use  on  a-c  lines.  It  is 
for  use  in  applications  where  the  i 
successful  operation  of  equipment  I 
depends  upon  the  regular  servicing 
of  such  equipment  based  on  actual 
lapsed  time.  This  meter  automati- 
cally and  cumulatively  register*  the 
total  operating  (or  idle)  time  of 
any  equivalent,  machine,  circuit  or 
system  to  which  it  is  connected.  It 
has  a range  from  0 to  9999.9  hours.: 
and  resets  automatically  at  10,000 
hours. 


Small  Latching  Relay 

THESE  NEW,  SMALL  latching  relays 
are  called  “Latching  Aerotrols"  and 
are  made  by  combining  two  of  the 
manufacturer’s  standard  line  of 
Aerotrol  400  Series  relays,  with  an 
interlocking  armature.  This  design 
makes  it  possible  to  combine  any 
two  Aerotrols  of  similar  or  different 
types  into  a latching  relay.  They 
can  be  supplied  in  either  single  or 
double  pile-ups  and  with  all  stand 
ard  spring  pile-up  formations  and 
combinations.  Mounting  arrange-  | 
ments  are  designed  to  specification 
Units  are  available  for  either  a-c  or 
d-c  operation  with  maximum  volt 
age  of  125-v  d-c,  or  120-v  60  cycle 
a-c.  Dimensions  are  lAx2ixHin 
Magnetronic  Div.  of  Cook  Electric 
Co.,  2700  Southport  Ave.,  Chicago 
14,  111. 
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HERE  IS  HOW  IT  WORKS- 


'» 10  limit  normal  current  tho  magnetic  trip  oper- 
fr»m  10  limit  down  to  1.25  tho  circuit  opens  after 
UkMid  Km.  delay. 

i<VsSt^r 


I 

' ■ ‘W° Dt  *°  QV0*^  expensive  breakdowns  of 


•fflent  due  to  unsafe  overloads,  you  need  the 
*1  protection  of  the  Roller-Smith  type  DT-1 
Kapt?:c  wo-Magnetic  Relay. 

* ?et  protection  from  dangerous  overloads  by 
H 1 P1  of  a bimetal  relay  that  opens  the  circuit 


before  the  winding  temperature  of  the  protected 
equipment  becomes  dangerous.  There  is  a time 
delay  before  the  relay  opens  which  runs  around 
10  minutes  at  125%  rated  load  and  15  seconds  at 
1000%  rated  load.  The  magnetic  trip  operates 
instantly  for  currents  in  excess  of  10  times  rated 
load,  the  control  circuit  opens  and  the  equipment 
comes  off  the  line.  For  detailed  information  on  the 
application  and  operation  of  the  DT-1  overload 
relay,  write  for  Catalog  6240  to  Department  E-6. 


%NO*M>U  LOAD 


ROLLER  SMITH 


BETHLEHEM-PENNSYLVANIA 

In  Canada  : Roller-Smith  Marsland,  ltd.,  Kitchener,  Ontario 


St»ND»llt>  AND  PRECISION  ELECTRICAL  INSTRUMENTS  • A,*C**" ^^’".““VmCISIOn'^SALANCES 


AIA  AND  Oil  CIRCUIT  BREAKERS  • ROTARY  SWITCHES 


December  1945 
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F.  N.  MANROSS  & SONS 

DIVISION  OF  ASSOCIATED  SPRING  CORPORATION 

BRISTOL,  CONNECTICUT 


Radar  Tube 

Graphite  anodes  replace  tantalum 
in  these  air-cooled  radar  transmit- 
ting tubes  (type  VT-127-A)  to  in- 
crease their  life  approximate!; 
thirty  times  over  earlier  types.  The 
tube  is  called  Marathon  because 
specifications  of  the  armed  forces 
called  for  a minimum  life  of  500 


hours  in  radar  service  and  life  tests 
in  the  field  showed  that  the  tabes 
were  going  strong  at  5000  hours. 
Continuing  field  tests  showed  no 
signs  of  failure  at  the  end  of  10,000 
hours.  Sylvania  Electric  Products, 
Inc.,  Emporium,  Pa. 


Wire- Wound  Resistors 

Accurate  fixed  wire-wound  resist 
ors,  designated  as  type  188  Akra- 
Ohm,  are  small,  close-tolerance  units 
rated  at  1 w with  maximum  resist- 
ance of  1 meg  and  having  axial  leads 
for  convenient  mounting  by  the 
leads  on  standard  terminal  strips. 
Units  measure  1A  x I in.  The  3-in. 
axial  leads  of  No.  20  tinned  copper 
wire  permit  use  of  the  resistor 
either  in  original  equipment  or  as 
replacements  in  circuits  where  car- 


bon resistors  are  not  sufficiently  ac 
curate  or  stable.  Standard  to  er 
ance  is  1 percent,  although  higher 
accuracy  up  to  ± 0.1  Perc“ 
available  on  special  order, 
units  supplement  the  mjDU 
turer’s  previous  axial  lead,  . 
181-A  rated  at  0.3  w and  haflM 
maximum  resistance  of 
ohms.  Shallcross  Mfg.  Co-  J»cks0" 
& Pusey  Ave.,  Collingdale,  Pa. 

O^r  1HI — ELECTRONICS 


Digitized  by  LnOOQle 


Radar  TuW  PERMANENT  MAGNETS  MAY 


AcataTi  fud" 
on,  bn\p>*d  " 

0>m.^rtn^Lclll, 
rated  at  1 T ' 
urtoflnw^11 
for  convfflW  * 

tad>  <*  •**:, 

Units 

uiil  leads  of 1,1 ' 

sir*  P*™1' 
•ithrf  it  <*&* 


GRATHITt 

in  these  iir«*ftd|*s 
tin*  tubes  (typftflt, 
crease  their  Eft  m 
thirty  tines  net 
tube  is  tiled  Hu*) 
specificationi  «f  thin 
called  (or  i auuft. 


ours  it  ndar  *n» 
n the  held  shwd  ft* 
,-ere  yoitf  straj  t 
ontinuitl  W ’■* 
ipis  of  failnrt  at  the 
ours.  SytruiiEWt 
nr..  F.mpori*  fi 


■ 


m 

irat*  °r  zL.A 

.ceis^P^J 
tuner  «P  ' L <# 
00  ( 


■A  rated  *• 


New  Engineering  Handbook  on  Permanent  Magnet: 

If  you  are  considering  any  application  of  j^[^8an^th "associated  air-gapa;  mate 

permanent  magnets  to  your  product  or  manu  J^cteristics;  and  information  on  t! 

Scturmg processes,  you .are  welcome,  without  eineerjng>  designing  and  manufacture 

charge,  to  a copy  of  this  new  Manual.  hJ  many  {^.foi  formulae,  charts,  graphs 

This  is  a 32-page,  illustrated  reference  work  diagrams,  0f  constant  reference  value. 

. j i tkn  rtnmnoorincr  nnfl  ° - r n/r 


This  is  a 32-page,  illustrated  reference  work  diagrams,  of  constant  reference  value, 
on  magnets,  prepared  by  the  engineering  and  today  for  your  free  copy  of  this  Man 

research  staff  of  the  world  s largest  producers.  Consultation  with  our  engineers  is  invi 

It  contains  data  on  the  functions  of 


e roaay  iui  ; . . 

Consultation  with  our  engineers  is  invi 


THE  INDIANA  STEEL 


6 NORTH  MICHIGAN  AVENUE,  CHICAGO  2,  IUINOIS 


PRODUCTS  COMPAII 

" Copr.  1945.  The  Indiana  Steel  Produc 

SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE 
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Concentrating  on  electrical 
performance , Andrew  engi- 
neers have  designed  a unique 
Folded  Unipole  Antenna 
which— according  to  compar- 
ative tests— easily  outper- 
forms other  antennas  at  sev- 
eral times  the  price. 

Used  for  transmitting  and 
receiving  at  frequencies  from 
30  to  40  MC  and  for  powers 
up  to  5,000  watts,  this  an- 
tenna has  proved  so  success- 
ful that  similar  models  for 
higher  frequencies  are  now 
being  designed. 


of  ANDREW 
Engineering 


f FEATURES:  ^ 

• Light  weight  — only  15  pounds  — simplifies  installation. 

• Lightning  hazard  minimized  by  grounded  vertical  element.  ™ 

• "Slide  trombone"  calibration  permits  exact  adjustment  for  any  frequency  be- 
tween 30  and  40  MC,  using  only  a wrench.  Optimum  performance  for  that 
frequency  is  guaranteed  without  "cut  and  try"  methods. 

• Proper  termination  of  coaxial  transmission  line.  Unlike  other  "70-ohm"  anten- 

nas, the  Folded  Unipole  actually  provides  a non-reactive  impedance  with  a 
resistive  component  varying  between  62  and  75  ohms  (see  lower  curve).  •*: 

_ • Excellent  band  width,  ideal  for  FM  (see  upper  curve).  Jr 


Andrew  Co.  specializes  in  the  solution  of  antenna  problems.  For  design- 
ing, engineering  and  building  of  antenna  equipment,  consult  Andrew  Co. 


ANDREW  CO. 

363  EAST  75th  ST.,  CHICAGO  19,  ILL. 
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Coil  Varnishing  Machine  ' 

Illustrated  is  a semi-automatic  ! 
coil  varnishing  machine  used  to  im- 
pregnate r-f  coils  with  a uniform  ' 
coating  of  varnish,  to  close  toler- 
ances, in  a minimum  amount  of 
time.  The  unit  is  driven  by  a 6 hp 
synchronous  motor.  Weight  of  the 
varnish  is  controlled  by  adjustable  A 


scrapers.  An  operator  merely  places 
a coil  between  two  revolving  drums 
and  allows  it  several  revolutions.  A 
squeegee  action  created  by  the  two 
revolving  drums  forces  varnish  be- 
tween the  coil  turns.  Coils  are  then 
ready  for  baking.  Clippard  Instru- 
ment Laboratory,  Cincinnati,  Ohio. 


Spotting  and  Repeating 
Record  Player 

Fairchild  Camera  & Instrument 
Corp.,  88-06  Van  Wyck  Blvd., 
Jamaica  1,  N.  Y„  announces  its 
first  postwar  classroom  teaching  ac- 
cessories, in  the  form  of  a simple, 
low-cost  combination  word-spotter 
record-player  designated  the  Ian- 
guage  Master,  for  schools,  colleges, 
and  other  training  centers.  The  unit 
is  basically  a record  player  with  * 
device  that  permits  accurately  spot- 
ting and  repeating  any  desired  pass- 
ages on  a record  for  analysis.  For 
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Digitized  by  Lz.ooQle 


N-Y-T can  put  a finger... 


ON  YOUR  TRANSFORMER 
REQUIREMENTS 


☆ Dm  lltostratod  imiM  typM»«  H>«  *o"r 
komafkalty-saalad  co«po«ofltl — *«*•• 
fanners,  cfcofcot  and  »1tar»— daslgnad  la 
■oaf  nnusnal  oparoting  candifleas  for 
arary  type  of  application. 


. —With  emphasis  on 
and  mechanical  suitability  I 


n_Y-T  Sample  Department  ha*  demonstrated  it* 
ability  to  continuously  supply  advanced  transformer, 
choke  and  filter  designs  for  most  electrical  and  elec- 
tronic needs.  In  every  instance,  all  requirements  are 
fulfilled  efficiently,  and  economically. 

Let  us  take  care  of  any  samples  you  may  need  for  new 


equipment  being  designed. 

die  iHutfcd;  “DtfU.  E 
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private  study,  the  unit  can  be  used  ' 
with  a pair  of  crystal  headphonea 
without  an  amplifier.  A synchronoui  1 
motor  drives  the  tumable  at  78  p| 
rpm.  The  recorder  comes  complete  t 
with  the  motor,  a standard  crystal  * 
pickup,  spotting  mechanism,  3-tube 
amplifier,  and  5-in.  permanent  mag- 
netic dynamic  speaker.  It  weighs 
less  than  20  lb  and  can  be  used  on  -i 
110-v,  50/60  cycle  ac.  n 


Vacuum-Tube  Voltmeter, 
Amplifier 


Model  No.  451  vacuum-tube  volt- 
meter measures  amplifier  gain,  net- 
work response,  and  output  level  at 
audio  and  radio  frequencies.  It  is 
rated  26  mv,  a-c,  on  the  lowest 
range,  1000  v on  the  highat 
range,  and  10  cps  to  700  me  fre- 
quency range,  with  7 ppf  input  ca- 
pacitance. Other  characteristics  of 


1 

I 


the  unit  include:  single  linear  scale 
for  all  voltage  and  current  scales; 
single  zero  adjustments  for  all  a< 
and  d-c  ranges;  voltage  regulated 
supply ; stable  operation ; a rated  ac- 
curacy of  2 percent  of  full  scale 
values  and  large  overvoltage  ca- 
pacity. The  amplifier  used  with  the 
voltmeter  is  model  No.  101.  Reiner 
Electronics  Co.,  Inc.,  132  West  25th  , 
St.,  New  York  1,  N.  Y. 


Tube  Tester 

Model  No.  2413  tube  tester  pro- 
vides short  and  open  element  tests, 
plus  a transconductance  comparison 
check  for  matching  tubes.  Three- 
position  lever  switching  Provl  ® 
simple  and  speedy  operation  an 
gives  individual  control  for 
tube  element.  The  unit  has  a mu  ' 
color  scale  and  comes  supplied 
instructions  and  test  charts 
quick  reference.  The  case  is  “ 
ished  with  a sturdy  handle, 
sures  10  x 10  x 5}  in.  Triple 
trical  Instrument  Co.,  u 
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The  New  Bendix-Pacaiic 


VHP  NOBILE  RADIO  COMMUNICATION  SYSTEM 


Bendix— famous  for  many  recent  new  developments 
in  radio  for  industry  and  home  — now  announces 
advanced  VHF  radio  communication  systems  for 
mobile  use. 


The  new  systems,  which  offer  greatly  improved  per- 
formance characteristics  and  economy  of  operation, 
are  available  for  use  in  three  of  the  Very  High 

Frequency  bands 30-44  megacycles,  72-76 

megacycles  and  152-162  megacycles. 

All  the  equipment  has  been  designed  to  use  low 
input  power.  Any  extended  service  can  be  provided 
with  relay  facilities. 


communication  and  control  systems,  and  the 
equipment  embodies  the  latest  developments 
commercial  application.  In  addition  to  new  perf< 
ance  characteristics,  the  Bendix -Pacific  equipr 
has  been  designed  for  compactness,  long  life 
for  easier  service  and  maintenance. 


Whatever  application  of  radio  voice  communici 
you  are  planning,  Pacific  Division  is  intereste 
explaining  the  advantages  of  the  new  equipme: 
you.  Pacific  Division,  Bendix  Aviation  Corpora 
11677  Sherman  Way,  North  Hollywood,  Califo 


For  five  years  Pacific  Division's 
radio  research  group  has  been 
working  with  military  experts 
on  advanced  designs  of  VHF 


One  of  the  new  I HF  communication 
units  combining  transmitter  and  receiver 
in  a single  cabinet  for  cither  mobile  or 
. fixed  station  installation. 

* **,S-  Aviation  Cvr*. 


Sales  Engineering  offices  in  New 
and  St.  Louis. 


'ific  Dirts 


COMMUNICATION  SYSTEMS 
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plug  PL-55  and 
N.A.F.  1136-1 

Long  sleeve,  hvo-Mflllieler 
«n<i(  Meet*  minimum  In- 

s-f«SJsyra 

68?F  at  humidities  up  to 
100%, 


Engineers  will  g ladty 
suit  with  you  on  the  de- 
sign and  development  of 
Plugs  and  Jacks  for  spe- 
cial applications — present 
or  postwar. 


PLUG.  STYLE  "A" 

Two-conductor,  seeelel  tvoe 

_i.,„  far  use  with  Neopren* 
Sl%una  S molded  eorde. 
lame  epeoltleatlone  al 
PL-55. 


PLUG  PL-54.  PL-540. 
PL-354, 

N.A.F.  215285-2 

Short  sleeve.tvee-eondurtor 
PL-55. 
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VHP  Broad  Band  Antenna 

Type  MS-10SA  broad-band  dipole 
antenna  operates  in  the  range  of 
108  to  132  me  in  aeronautical  serv- 
ice. Anywhere  in  this  range,  and 
without  adjustment,  the  antenna 
will  match  into  a 52-ohm  coaxial 
transmission  line  and  produce  no 
more  than  a 1.5  to  1 standing  wave 
ratio.  A frequency  range  of  100  to 
156  me  can  be  used  with  a standing 
wave  ratio  of  not  more  than  2 to  1, 
The  field  pattern  of  the  antenna  is 
non-directional  in  the  horizontal 


plane,  and  in  the  vertical  plane  is 
essentially  the  same  as  that  of  a 
standard  dipole  antenna,  except  that 
it  has  better  frequency  coverage 
Polyethylene  is  used  instead  of  air 
as  a dielectric.  Completely  assem- 
bled, the  antenna  has  an  overall 
height  of  38}  in.  It  weighs  4 lb.  10 
oz.  Mounting  may  be  either  on  a 
wood  or  metal  mast.  The  connector 
socket  located  inside  the  tublar  base 
will  fit  a standard  AN-PL-259 A con- 
nector plug.  A standard  52-ohm 
type  AN-8/U  coaxial  cable  or  any 
cable  similar  to  this  may  be  used 
with  the  antenna.  Bendix  Radio. 
Baltimore  4,  Md. 


Copper  Oxide  Rectifier 

A NEW,  PULL-WAVE  copper-oxide  rec- 
tifier, rated  at  either  12-va-c  or  ad 

ma  d-c  has  been  added  to  the  line 

Coprox  rectifiers  available  fro 
Bradley  Laboratories,  Inc  82 
dow  St.,  New  Haven  10,  Conn, 
new  unit  is  actually  a dowl’1®  “"j  ° 
the  manufacturer’s  model  OX 
F23,  recently  redesigned  to  ha 
greater  capacity  than  the  on 
version.  The  single  unit  £ 
rated  at  6 v,  a-c  and  50  ma,  d 
tinuous.  It  mounts  on  8 s 
screw,  is  fully  enclosed  an 
pletely  sealed  with  a specif v 
compound.  Pre-soldered  ea  ^ 
prevent  overheating  during 
bly. 

anther 


PLUGS  JACKS 

for  ever  if  Lnowii  uppUcoiion! 

Built  in  accordance  with  latest  Signal  Corps  and  Navy  speci- 
fications, Amalgamated  Plugs  and  Jacks  are  tropicalized  to 
make  them  fungus  resistant,  waterproof  and  moistureproof 
when  called  for.  Insulators  of  these  components  are  designed 
to  withstand  extremes  of  temperatures  for  — 67°F  to  +167°F, 
at  humidities  up  to  100%.  We  also  specialize  in  producing 
Plugs  which  will  bear  up  under  the  high  heat  met  in  rubber 
molding  cord  sets. 


AMALGAMATED  RADIO  TELEVISION  CORP. 

476  BROADWAY  • NEW  YORK  13.  N.  Y. 
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BH  SPECIAL  TREATED 
FIBERCLAS  SLEEVING 

To pt  in  Eloclric  Hnattn  I 

• Won’t  Fray  Whan  Cut 

• Flaxlbla  and  Strang 

a Non-Burnlngta  1 200  F 
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1200°F.,  with  high  tensile  strength,  and  with 
resistance  to  moisture,  oil,  grease  and  most  chem- 
icals. It’s  easier  to  handle  and  install,  and  lasts 
longer  in  severest  service.  That’s  why  BH  Special 
Treated  Fiberglas  Sleeving,  for  instance,  does  a 
trouble-free  job  when  the  heat’s  on — why  Mr. 
Room  Heater  Customer  is  sold  for  good  when 
the  heater’s  BH-equipped. 

Whatever  your  product  may  be,  if  it  depends 
on  electrical  insulation,  you  can  count  on  one  of 
the  three  BH  Fiberglas  Sleevings  to  meet  your 
strictest  needs.  Send  for  free  BH  samples  today 
— test  them  yourself  — expect  surprising  results  !• 


Whether  he’s  Mr.  Big  of  Industry  or  plain 
Mr.  Homebody,  the  performance  of  your 
product’s  electrical  insulation  can  make  or  break 
his  good  will,  influence  your  future  sales.  Look 
at  all  the  hazards  of  faulty  or  insufficient  insula- 
tion. See  why  hundreds  of  manufacturers  are 
protecting  their  products  with  BH  Fiberglas 
Sleeving— the  insulation  that’s  way  ahead  in 
every  important  requirement,  thanks  to  the 
exclusive  BH  process. 

BH  Fiberglas  Sleeving  is  permanently  flex- 


rililiTil  BH  Fiberglas  Sleeving  is  permanently  flex- 
PT  ible  and  non-fraying,  the  original  sleeving  to 
tjpe f combine  these  qualities  with  heat  resistance  to 
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Dept.  E Conshohocken,  Penna 
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EXTRA  FLEXIBLE  FIBERGLAS  SLEEVING  • BH  SPECIAL  TREATED  FIBERGLAS  SLEEVING 
BEN-HAR  COATED  FIBERGLAS  SLEEVING 


ALSO  SLOW-BURNING  IMPREGNATED  MAGNETO  TUBING  • SLOW-BURNING  FLEXIBLE 
VARNISHED  TUBING  • SATURATED  SLEEVING  • A.  S.  T.  M.  SPECIFICATIONS 

BENTLEY.  HARRIS  MANUFACTURING  CO 


oPERADlo 


GROUP  IMPtDANCf 


IN  A FLASH! 


You’ll  save  time  and  money  on  loudspeaker  installations  with  the 
handy  Operadio  IMPEDANCE  CALCULATOR... a simple  twist  of  a disc 
gives  you  instant  answers  to  puzzling  group  impedance  problems!  You 
quickly  match  loudspeaker  lines  to  the  amplifier  for  any  sound  system 
covering  500.  1000,  4000,  8000,  or  16,000  ohm  loudspeakers.  No 
rule-of-thumb  guesswork ...  no  involved  mathematical  formulas.  Handy 
5*  diameter,  fits  your  pocket  or  sales  kit.  Durable  card  stock,  coated 
both  sides,  heavily  varnished.  Send  coupon  with  25c  (not  stamps)  today! 


oPERADlo 


OPERADIO  MANUFACTURING  CO.,  DEPT.  E-12  ST.  CHAR4.ES>  ILL. 

□ Enclosed  is  25c  in  coin  (stamps  not  accepted).  Send  me 
your  " IMPEDANCE  CALCULATOR"  by  return  mail. 

Name — 

Address 

City State • 
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Aircraft  Communication 
Receiver 

A NEW  CRYSTAL-CONTROLLED,  light- 
weight aircraft  communication  re- 
ceiver (type  51K-1)  from  Collins 
Radio  Co.,  Cedar  Rapids,  Iowa,  usea 
the  Collins  Autotune  for  selecting 
the  channel  of  operation.  The  re- 
ceiver has  ten  different  easily  pre- 
selected frequencies  for  reception 


anywhere  within  the  range  of  2.4  to 
18  me.  Two  seconds  is  the  maxi- 
mum time  required  for  the  Auto- 
tune to  change  channels.  The  re- 
ceiver is  designed  for  commercial 
transport  planes.  It  fits  into  I ATB 
unit,  and  weighs  less  than  20  Ih. 
It  operates  from  a 24-v  d-c  source. 
A 12-v  model  is  also  available. 


D-C  to  A-C  Converter 

A &-C  TO  A-c  ROTARY  converter  suit- 
able for  special  applications  where 
close  control  of  frequency  is  desired 
is  announced  by  Carter  Motor  Co., 
1608  Milwaukee  Ave.,  Chicago,  10- 
Output  frequency,  indicated  on  a 
built-in,  vibrating  reed  type  fl- 


uency meter,  can  be  manua  y 
ected  to  60  cycles  by  a power  rh.he 
tat  connected  ‘in  series  wi 
.eld  coil.  Types  of  converters 
ble  include  models  for  >nPu  . 
ges  from  6 through  64  vote  ^ 
iattery  conversion,  and  t™"' 
o 120  volts  for  line  conversw^^ 
atings  from  40-  to  250- 
lous  duty. 

0«CMfcr  IMS-ELK**0*10 


Digitized  by  LzrOOQle 


Represents  a form  of  electricity  that  is  hard  to  hold  or  control 


Controlling  electrical  currents  is  Formica's  big  job  and  it  can 
do  it  today  better  lhah  ever  before.  Some  new  developments 
in  material  and  processing  have  provided  grades  that  reduce 
high  frequency  losses  to  a new  minimum,  stand  more  arching, 
resist  more  heat. 


Glass  Cloth  and  glass  mat  with  melamine  resin  have  stepped 
up  insulating  efficiency,  increased  mechanical  strength,  pro- 
duced a laminated  material  on  an  entirely  new  level  of  quality 
for  many  purposes. 

These  new  materials  retain  the  machinability  and  workability 
that  always  adapted  laminated  material  to  mass  production.  * 
They  mean  better  insulated  electrical  devices  at  low  produc- 
tion costs. 


The  Formica  Insulation  Company  • 4661  Spring  Grove  Avenue  • Cincinnati  32,  Ohio 
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• “10  Me  KINKY  AVINUI 
IOS  ANOIlIf  1,  CALIFORNIA 


A complete  transformer  service -from  engineering 
design  to  correctly  cased  unit.  Peerless  transform- 
ers. windings,  reactors,  and  fluorescent  ballasts  are 
available  or  can  be  produced  in  sizes  and  capacities 
to  meet  your  needs.  Write  for  new  catalog. 

You  Order  Now ! 


Zenith  optical  laboratory 


SPECIALISTS  IN 
VACUUM  DEPOSITION 


123  WEST  64th  STREET 
NEW  YORK  23,  N.  Y. 
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Power  Supply 

Model  H (Porta-Power)  provides 
hum-free  operation  of  4, 5,  or  6 tobe 
(li  v)  battery  farm  or  portable 
radios,  from  105-125  v,  50-60  cycle 
lines.  The  hum  is  eliminated  by  i 
two  section  filter  composed  of  three 
capacitors  of  very  high  capacitance 
and  two  oversized  iron-core  chokee 
in  the  A supply ; and  two  high  caps- 
citance  capacitors  and  an  oversized 
choke  in  the  B supply.  The  A supply 
is  rated  1.5  v at  200  ma;  1.35  v at 
250  ma ; 1.55  v at  300  ma ; and  1.35  v 
at  350  ma.  The  B supply  is  rated 
90  v at  13  ma  and  101  v at  8.5  ma. 
The  circuit  is  designed  for  optimum 
voltage  regulation  and  changes  io 
line  voltages.  The  unit  weighs  41 
lb.  General  Transformer  Corp, 
1260  W.  Van  Buren  St.,  Chicago  7, 
III. 


One-Piece  Coil  Form* 

New  die-formed  bobbin  coil  forms 
for  speaker  field  coils  come  in  com- 
plete, strong  one-piece  assemblies, 
ready  to  go  on  mandrels  of  coil 
winding  machines.  The  entire  coil 


base  is  shaped  by  die  in  one  piece 
from  spirally  wound,  heat-treat 
dielectric  materials.  free'51® 
Paper  Tube  Company  (2023  " 
Charleston  St.,  Chicago  47, 
makes  these  coil  forms  to  s ape. 
measurement  and  other  speci  « 
tions. 


Phonograph  Turntable 

Immediately  available  are 
graph  turnable  units  produce  ■ 
Eastern  Electronics  Corp.,  41  ^ 
nut  St.,  New  Haven,  Conn.  ° , 

and  uniform  speed  is 
through  the  use  of  a motor  o 
pie  capacity,  preioaded  to0 

on  the  flattest  portion  of 

speed  characteristic.  ush- 

rubber  mountings  and  ru 
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e grew  up  with  electronics 


Our  engineers  and  executives  grew  up  with  Electronics. 
Before  the  war  we  manufactured  commercial  radio  equipment.  During  the 
war  we  greatly  expanded  our  engineering  and  research  staff  and  did  extensive 
work  in  advanced  electronics  for  the  Army  and  Navy.  Our  present 
engineering  and  research  facilities  occupy  more  than  30,000  square  feet  of  space. 
Our  current  production  program  is  centered  on  communications  equipment  for 
tail,  air,  highway,  marine  and  commercial  use.  Other  products,  notably  in 
the  field  of  industrial  electronics,  are  under  development. 

Aireon  s engineering  and  research  staff  will  be  glad  to  consult  with  you  on  your 
electronic  problems.  Your  inquiry  will  have  prompt  attention. 


MANU 


ON 


Radio  and  Electronics  • Engineered  Power  Controls 


’OIK 


Ionics- 


NWlCM 


194$ 


CHICAGO  • KANSAS  CITY  • OKLAHOMA  CITY  • BURBANK 
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help  keep  performance 
in  line  with  design 

iLANSBEE 
>N  STEELS 

Follansbee  Electrical  Sheets  and 
Strip  possess  excellent  physical 
properties.  Punching  and  shearing 
quality  is  in  the  highest  ratio  to 
silicon  content  . . . width  and 
gauge  are  to  the  closest  tolerances 
. . . surface  finishes  and  space  fac- 
tors meet  exacting  specifications. 

And — equally  important — Fol- 
lansbee  silicon  steels  arc  made  to 
provide  the  precise  magnetic  char- 
acteristics required.  That’s  why  it 
will  pay  you  to  check  with  Fol- 
lansbee  for  Electrical  Sheets  or 
Strip — silicons  that  help  keep  the 
performance  of  your  products  in 
line  with  their  design. 
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ioned  drives  are  designed  to  assure 
quiet  operation.  The  motor  of  these 
turntables  is  fan-cooled  and  will 
operate  continuously  with  low  tem- 
perature rise.  All  bearings  are  oi 
proper  size  and  are  provided  with 
self-lubricating  features. 


Stabilized  Rectifier 

Type  TRX-4  stabilized  rectifier  is 
for  telegraph  and  similar  services 
The  dynamic  voltage  regulatioi 
characteristic  of  the  unit  is  such 
that  the  load  current  may  be  varied 
between  zero  and  maximum  at  any 
demand  frequency,  with  negligible 
variation  in  terminal  voltage.  The 
unit  utilizes  type  TRX  circuit  which 
compensates  for  normal  variation  in 
a-c  supply  voltage  to  the  rectifier 


unit.  Other  features  of  the  unit  in- 
rlude:  completely  non-resonant 
ter;  optional  connection  to  115- or 
230-v,  50/60  cycle  a-c  supply: 
tional  output  ranges  of  either 
110/120  or  150/160  v;  circuit 
breaker  switch  protection  on  8 
side;  volmeter,  ammeter,  and  super- 
vising laiftps ; and  facilities  o' 
mounting  in  standard  19:Jn’ ’’*? 
cabinets.  Models  are  available  » 
1-,  2-,  4-  and  7-amp  capacity.  t< 
Electric  Co.,  Inc.,  130  Cedar 
New  York.  N.  Y. 


FOLLANSBEE  STEEL  CORPORATION 


GENERAL  OFFICES  * PITTSBURGH  30.  PA. 

Solas  Offices — New  York.  Philadelphia,  Rochester.  Cleveland,  Detroit,  Milwaukee. 
SoUj  Agents  — Chicago,  Indidnapolis,  SL  Louis,  Kansas  City.  Nashville.  Houston. 
Los  Angeles.  San  Francisco,  Seattle;  Toronto  and  Montreal, 

Plants — Follansbee,  W.  Va..  and  Toronto,  Ohio 


COLD  ROLLED  STRIP  • ELECTRICAL  SHEETS  & STRIP  • CLAD  METALS 
POLISHED  BLUE  SHEETS  • SEAMLESS  TERNE  ROLL  ROOFING 
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iration  Pickup 

ELOPED  TO  MEET  the  rep*" 
ts  of  aircraft  engine  teaw 
pickup  has  exception^ 
ity  under  conditions  of 
•ation,  high  output  sign 
dom  from  frictional  ** 

ting  response  at  low  ampl^ 
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t you  can  duplicate 
h this  NEW  BRUNINO 
tographic  Printerl 


l H * °* 


11 

Ot*.  H.OM.V* 


r Hi*** 


D WHI** 


,v,U*fAtlOHS 


• Now  you  can  use  this  new  photographic  reproduc- 
tion process  right  in  your  own  drafting  room  or 
engineering  department!  With  the  Bruning  Model 
2 BW  and  Copyflex  Continuous  Printer,  there  is 
practically  no  limit  to  the  kind  of  materials  you  can 
duplicate!  You  can  have  copies  of  anything  typed, 
printed,  illustrated  or  drawn.  Original  material  with 
copy  on  both  sides  can  be  reproduced  from  one  or 
both  sides. 

Both  Copyflex  photographic  and  BW  Black  and 
White  sensitized  materials  are  exposed  on  the  Model 
2 Printer.  Copyflex  prints  are  developed  with  three 
trays  and  a simple  drier  (readily  available).  BW 
prints  are  developed  in  the  Model  153M  developing 
machine,  combined  in  a convenient  stand  with  the 
printing  unit.  Moderately  priced,  the  Model  2 Printer 
and  153M  Developer  increase  your  duplicating  scope 
—provide  a wider  range  of  duplicating  advantages. 
Mail  the  coupon  for  literature  about  this  modern 
print-making  method. 


|,lls  BRUNING  COMPANY,  INC. 


Since  1897 

CHICAGO 
Batten  I 

Milwaukee  I 

Ban  Frandtco 


Detroit 

Newark 

Seattle 


*'“®,camfcer  194$ 


10$  ANOEIES 

Houston 
. Pittsburgh 


Chariw  Bruning  Company,  Inc. 

4712-24  Montrose  Avenue,  Chicago  41,  Illinois 
Please  send  me  complete  Information  on  your  Model 
BW  and  Copyflex  Continuous  Printer -and  on  otner 
Bruning  printing  and  developing  machines  for  making 
Bruning  Black  and  White  Prints. 


Company  . 
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roster  of  all  Eicor  products,  in  their  various  types  and  sizes, 

shows  an  astonishing  number  and  diversity.  But  of  special 
interest  to  users  of  rotary  electrical  equipment  is  our 
ability  to  produce  units  unusual  in  design  or  performance 
. . . and  do  it  quickly,  accurately,  and  at  reasonable  cost. 

Serving  in  an  endless  list  of  special  applications,  these 
developments  include  . . . the  smallest  commercially  produced 
dynamotor,  for  10  watts  continuous  output,  in  a 2-5/16" 
diameter  frame  and  weighing  only  34  ounces  ...  a motor 
rated  1/5  hp  at  3800  rpm  for  intermittent  duty,  2-5/16" 
in  diameter,  weight  38  ounces  ...  an  aircraft  inverter 
to  supply  output  of  100  va,  400  cycle,  single  or  three  phase, 
in  a 3"  frame  and  unit  weight  of  5%  lbs.  ...  a .6  hp, 

4000  rpm,  intermittent  duty  motor,  4"  in  diameter  and  954 
lbs.  weight  ...  a dynamotor  4-1/16"  in  diameter  which 
supplies  32  watts  continuous  output  per  pound  weight 
...  a 12  vdc  motor  rated  % hp  at  1700  rpm  with  150 
in.  lbs.  lock  torque  in  a 5 54"  frame. 

Th*s«  highlights  are  an  indication  of  what  EICOR  has 
done  in  the  past.  In  the  days  to  come  our  creative  engineering 
will  solve  similarly  difficult  problems  involving  motors, 
dynamotors,  and  generating  equipment  for  industry. 

Your  inquiry  is  invited. 
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he  field  of  the  coil  and  the  core 

mselves  are  not  grounded.  « 

alt  a higher  Q is  obtained.  Suck- 

; Carbon  Co.,  St.  Mar>s  a- 


transmitter-receiver  made  b) 

idix  is  completely  interchange- 
e with  British  equipment 

re  than  7,900  watts  of  po«« s” 
d by  the  486  vacuum  tub* 
radio  equipment  of  a 

jf4S — ELECTRONICS 


and  stability  of  calibration  over  * 
wide  temperature  ranges.  Output  i 
is  proportional  to  vibratory  velocity,  I 
with  uniform  response  from  below  i 
10  cps  to  approximately  1000  cps, 
and  usable  response  to  4 cps.  The 
pickup  is  usually  operated  as  a seis-  • 


mic  instrument,  but  can  be  furn- 
ished with  facilities  for  direct 
attachment  of  a light  moving  coil 
to  the  structure  whose  vibration 
might  be  influenced  by  a heavier 
mass.  Pickups  are  supplied  with  a 
special  flexible  pigtail  lead,  and  are 
easily  and  quickly  converted  for  use 
in  either  horizontal  or  vertical 
planes  without  affecting  calibration 
The  MB  Manufacturing  Co.,  Inc., 
New  Haven,  Conn. 


Screw-Type  Iron  Cores 

Because  these  ibon  cores  utilize 
threaded  cores  they  are  designated 
as  Screwtype  molded  iron  cores.  No 
brass  core  screw  is  necessary  for 
their  adjustment.  There  is  no  metal 
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jii-  lust  a single  stroke  of  an  impact  ex> 
Us  f:  It'.rusion  press  makes  shields  like  these 
fa  5 if  Alcoa  Aluminum.  They  are  made 
with  a wallop  and  they  carry  a 
wallop,  too. 

They  are  lightweight,  nonmag* 

" 1 netic,  resistant  to  corrosion.  They 

IfeiK  can  be  produced  at  high  speed 
with  accurate  dimensions  main- 
tained. 

! New  developments  in  impact 
extrusions  make  possible  new 
and  unusual  shields  of  Alcoa 
Aluminum.  Often  lugs,  bosses 

I and  ribs  can  be  included  in 
this  single  stroke  operation. 

Let  ue  help  you  find  out 
what  shields  of  Alcoa 
| Aluminum  can  do  for  your 

II  own  electronic  equipment. 

Aluminum  Company  of 
America, 2l36GulfBldg„ 

Pittsburgh  19,  Pcnna. 
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ALCOA  ALUMINUM 


December  1945 


Digitized  by 


Goo 


No.  6 of  a Series 


MODERN 
COIL  WINDINGS 


Partial  Viow  of 

Automatic  Coil  Winding  Department 


Coto-Coil  Electrical  Coil  Windings  have 
pioneered  in  the  industry  since  its  infancy. 
Coto-Coil  engineering  skill  and  products 
have  met  all  demands  of  two  world  con- 
flicts and  the  intervening  years  of  peace. 

Now,  in  a modem  plant,  equipped  with 
every  facility  for  producing  coil  windings 
which  may  be  depended  on  to  meet  all 
requirements,  Coto-Coil  is  busy  meeting 
the  increasing  demands  of  peacetime  pro- 
duction. 


Oar  21  years  of  exparlsnct  ia  coil  design 
aad  production  are  at  year  service. 


COTO-COIL  CO.,  INC. 


!20 


Literature. 


Frequency  Meters.  Bulletin  No. 
1770  supersedes  this  manufactur- 
er's bulletin  No.  1696.  The  never 
edition  contains  sixteen  pages  and 
is  illustrated  with  photographs 
and  diagrams  of  switchboard, 
portable  and  miniature  types  of 
Frahm  vibrating-reed  frequency 
meters.  A variety  of  special 
models  are  included.  Meters  are 
available  on  ranges  as  low  as  15 
cps  up  to  400  cps.  Higher  ranges 
are  available  on  special  order.  An 
explanation  of  the  resonant  reed  . 
principle  and  vibrating-reed  char-  | 
acteristics  as  well  as  how  to  read 
the  scale  are  given.  James  G.  Bid- 
dle Co.,  1211  Arch  St.,  Philadel- 
phia 7,  Pa.  . 1 


Modified  Schering  Bridge.  New 
photographs,  photo-diagrams  and  . 
explanatory  material  are  include! 
in  a recently  issued  catalog 
E-54  (2)  which  gives  the  character* 
istics  and  advantages  of  this  direeb 
reading  modified  Schering  bridge 
for  use  in  the  measurement  of  di- 
electric constant  and  power  fact* 
of  a dielectric  in  solid  or  liquid 
form.  Leeds  & Northrop  Co.,  49M 
Stenton  Ave.,  Philadelphia  44,  Pi- 


(ration  Test  Equipment.  L.A.B. 
rporation,  31  Union  Place,  Suo- 
:,  N.  J.  produced  an  8-page 
se-leaf  bulletin  which  describes 
1 illustrates  three  differed 
ies  (VU-DM-100,  VU-DM-500 
I RV-3)  of  three  and  two-dimen- 
n vibration  tests  equipments 
laboratory  and  production  us- 


Electronic  Counter.  A 
bulletin  illustrates  and  thoroug 
describes  Model  No.  67,  two-decaae 
electronic  counter  for  high-spe 
counting.  This  instrument  is  0 
of  the  adaptations  of  the  o 
standard  electronic  counter-" 
cade.  Potter  Instrument 
136-56  Roosevelt  Ave.,  FIus 
N.  Y. 
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in  available  resistance  measurements 


REINER  MODEL  456 
COMPREHENSIVE  MASTER  TESTER 
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Current  6-15-30-60-150-300-600- 
FW00O-15OOO-3OOOO  M.  A.  * D.  C.  Current 
MO-130-300-600-1500-3000-6000- 15000-30000 
***  Tjr  A.  c.  Volts  3-6-15-30-60-150-300-600-1500- 

iSon*  ° C’  V°ltS  6l5}0<5°-150-300-600- 
°00-6000  -fr  Ohms  0-1000-1 0000- 1 00000- 1 meg- 

Ine®" 1000  meS  ★ Insulation  Tests  500 
KW*1*  ^“egohms;  1000  volt/0-20000  megohms 
hlfcto®1^  Ft®*1  5-2000  .5-200  .05-20  .005-2  .0005-.2 
*#*£?**  * Capacity  Low  1-100  micro- 

rnge  without  probe  A c 
ill  Win,  L N'  25  microfarads  input  ca- 

r*«r«sw,oKc  !oomc-' 

5U^  ‘"••.ljy,-,, 


; j'  . 

1 1 w r c 


Cl* 

1JW< 

n r. 


i is- 


„.dv  WEIGHT : 33V,“  lb., 

* thitlded  i.  ,°  ,Ui*'  ****  ol  high  voltage 
* /«.*,  *,,*  „t<)ue„cy  p,ob® 

* ft  Or  it 


The  highly  accurate  and  efficient  Reiner  Master 
Tester  combines  in  one  compact  unit  an  unusu- 
ally large  number  of  measurements  and  ranges  — 
equivalent  to  61  individual  single  range  meters. 
It  is  an  electrical  measurements  laboratory,  espe- 
cially designed  for  industry,  with  eight  types  of 
testers  in  one  instrument: 


INSULATION  TESTER  I 5. 

CAPACITY  METER  I 6. 

OHM  METER  I 7. 

A.  C.  VOLTMETER  I 8. 


D.  C.  VOLTMETER 
A.  C.  AMPERE  METER 
D.  C.  AMPERE  METER 

IMPEDANCE-INDUCTION  METER 
(with  charts) 


Insulation  testing  at  500  volts  to  10,000  megohms;  at  1,000  volts  to 

20.000  megohns.  ^ Capacity  measuring  one  micro-microfarad  to 

1.000  microfarads.  ★ Resistance  measurements  0.1  to  1,000  megohms. 

SIMPLE  OPERATION:  wide  scales  on  the  9"  rectangular  meter  permit 
direct,  easy  reading. 


fUCTlto!JirI,r0n^  other  Reiner  precision  equipment 
°N'CS  Co.,  125  W.  25  St.,  New  York  I , N.  Y. 
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THE  WORLD’S  MOST 
MODERN  CONDENSER  PLANT 

with  these  outstanding  features 

★ 1,000,000  VOLT  RESEARCH  LABORATORY 

★ VERY  LATEST  PRODUCTION  EQUIPMENT 
'A  SPECIALIZED  WAR-LEARNED  TECHNIQUES 

From  this  new  ultra-modem  factory  come  capacitors 
carefully  engineered  and  accurately  produced.  Staffed 
by  skilled  engineers  and  backed  by  16  years  of 
technical  progress.  Industrial  Condenser  Corp.  is  sup- 
plying capacitors  for  every  application.  If  your  speci- 
fications call  for  Electrolytic,  Paper,  Oil,  or  Motor 
capacitors,  look  to  Industrial  Condenser  Corporation. 


INDUSTRIAL  CONDENSER 

CORPORATION 

3243-65  NORTH  CALIFORNIA  AVENUE,  CHICAGO  18,  U.  S.  A. 

District  Offices  in  Principal  Cities 

PAPER,  Oil  AND  ELECTROLYTIC  MOTOR  CAPACITORS 
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The  B« 
CONNECT 


To  simplify  product  assembly  and  add 
1 another  sales  feature  . . . 

Iden  \ 

A -CORD  \ THE  INTERCHANGEABLE 

)\  IU‘lil)ii  Comcr-A-mD 

\ Detachable  at  both  plug  end  and  appliance  end  and  easily 

con Nt cio*  f CONOUCTO*  eiuo  ^ interchangeable,  Belden  Connect-  A-corDs  simplify  assembly, 

packing,  and  display  -and  add  another  effective  salesfeat- 

A new  advantage  \ ure  y0ur  newly  designed  electrical  appliances.  Available 

appliance  users  want  1 vari' ^ lengths  (and  in  matching  colors,  too),  they  end 

Though  the  Belden  Connect-A-corD  \ the  nuisances  of  too-short-to-reach  cords  and  unsightly 

is  a new  idea,  extensive  surveys  have  \ tangled  coils  of  extra  lengths.  And  consistent  national 

already  shown  that  electrical  appliance  \ advertising  pre-sells  your  customers  on  these  advantages, 

users  want  its  advantages.  No  mere  \ fsjeed  for  costly  dealer  cord  repair  services  is  eliminated 

postwar  dream,  it  is  already  engi-  \ wjth  Connect-A-corDs,  and,  as  with  all  other  Belden 

neered— and  it  is  offered  now  only  l electrical  cords,  complete  freedom  from  Corditis  is  as- 

after  complete  service  tests  and  sur-  l sured.  Write  for  complete  information  on  the  Connect- 

veys  to  establish  customer  demand.  I A-corD  today.  Belden  Manufacturing  Co.,  4625 

J Van  Buren  St.,  Chicago  44,  HI. 


Belde 
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Electronic  Components.  Catalog 
No.  RC-6  contains  32  pages  of. 
data  on  fixed  and  variable  r*  I 
sistors,  iron  cores,  line  and  aUdn 
switches.  Stackpole  Carbon  Ce, 
St.  Marys,  Pa. 


IhIci  Fluxes  are  tcimattilcalij  compounded  to  protect  your  product  againvf 
solder  failure!  No  matter  what  type  of  soldering — delicate  dlp-*o!dered  elec- 
trical connections,  sweating  operations,  or  various  types  of  seams — K ester 
makes  the  right  and  specific  flux  to  prepare  the  way  for  tight  trouble-free 
solder  bonds. 


For  over  41  years.  K ester  has  been  the  leading  name  In  the  field  of  solder. 
K ester  fluxes  of  highest  quality  and  unvarying  uniformity,  have  been  per- 
footed  through  laboratory  research  and  practical  experience. 

For  any  solder  problems  yon  may  have — consult  K ester  engineers.  They'll 
gladly  recommend  the  right  flux  to  Insure  the  lasting  quality  of  your  product 
. . . and  at  no  obligation. 
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Electron  Optics.  Precision  Optics 
by  American  Methods  is  the  title 
of  a booklet  from  American  Urn 
Co.,  Inc.,  45  Lispenard  St.,  Ns* 
York  13,  N.  Y.  The  booklet  ( ~ 
tains  information  for  tele' 
set  manufacturers  (or  ma 
turers  using  electron  optics)/] 
optical  components  or  co 
optical  systems. 

X-Ray  Diffraction.  Two  — r--_ 
from  North  American  Philips  Oe. 
Inc.,  100  East  42  St.,  New  Yolk 
17,  N.  Y.  include  a 4-page  fold* 
from  Rubber  Age  entitled,  ‘‘Use  if 
Low-Angle  X-Ray  Scattering  j 
the  Study  of  Catalysts,  Vud 
and  Other  Materials,”  and 
page  booklet  entitled,  "XT 
Diffraction— Basic  Theory, ^ 
ciples  and  Applications’ , 
printed  from  Petroleum  Rif 


Electrical  Insulating  MaU 
rhe  electrical  and  mechi 
properties  of  various  insulin 
materials  is  contained  in  a 4-fi 
quick-reference  folder  avail*!* 
from  Continental-Diamond  Film 

n uv  _ 1_  lit  ftnlnlDOPP 


Aircraft  Accessories.  "Electro-Me- 
chanical Aircraft  Accessories  » 
the  title  of  a bound  data  book  (No 
EM-200)  containing  approximately 
225  pages.  The  book  contains 
graphs,  drawings  and  illustrations 
in  black  and  white  as  well  as  t ree- 
dimensional  color  pictures  of  su 
equipment  as  linear  and  ro  • 
actuators,  power  units,  *c 
jacks,  flexible  shafting  and  acces- 
sories, motors  and  controls. 
Inc.,  Piqua,  Ohio. 


I 


Beryllium.  A 4-page  bullet‘n  ' 
trates  and  describes  Brush j*  ds 
lium  metal,  alloys  and  comP"  “ d 
for  use  in  x-ray  transmissi  n 
sound  velocity.  The  Brus  ■ 
lium  Co.,  3714  Chester  Ave.,  C 
land  14,  Ohio. 
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distinct  advance 


BRACKET 

DESIGN 


■■ 


•nqrnMti.  ItojH 

<T0t  tw  prodaci  tkflfflil 

BUM 




is  now  available  ^ eapaci- 

rtdangular  «-c  ci,or  to 

Jor$,  permitting  »•  c J*  . erted. 
h»  mounted  uP"9^_or  'nve 


1.  Provides  "spring -washer"  effect  for  secure 
capacitor  mounting. 

2.  Reduces  strain  on  capacitor  and  chassis. 

3.  Compensates  for  manufacturing  tolerances  in 
height  of  case. 


3 pr- 


ep 


inhlldl* 


If.  IU 


ip 


1® 


:.z 


In  contrast  with  the  conventional  L- 
>pcd  bracket,  this  U-bend  construc- 
fflinimizes  the  stress  on  the  metal 
»s  and  prevents  distortion  when 
founting  bolts  are  tightened.  The 


in 


counting  foot  is  sufficiently  flexible  to 
ompensate  for  normal  tolerances 
W of  case,  and  for  variations 
intensions  of  the  bracket  itself. 


in 


The  brackets  are  sufficiently  thick  to 
wide  strong,  rigid  support.  A cor- 


rosion-resistant finish  of  lacquered  zinc 
plate  assures  a good  ground  from 
capacitor  to  chassis.  The  brackets  have 
either  one  or  two  mounting  holes  de- 
pending upon  the  width  of  the  capacitor. 

These  brackets  are  an  exclusive  feature 
on  G-E  capacitors.  Spade-type  and  re- 
shaped brackets  can  still  be  obtained 
when  desired.  Ask  for  Bulletin  GEA-4357 
for  information  on  the  G-E  capacitors 
that  can  now  be  furnished  with  this 
improved  feature.  Apparatus  Dept., 
General  Electric  Company,  Schenectady 
5,  N.  Y. 


CAPACITORS 


Buy  all  the  BONDS  you  can 
— and  keep  oil  you  buy 


GENERAL  Ip  electric 
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Selsyn  Indicating  Systems 276 

Capacitor-Discharge  Roll  Welder 


Electronic  controls  and  rectifiers 
combine  with  a bank  of  as  many 
as  84  120-/<f  capacitors  to  operate 
a newly  developed  roll  spot  welder 
in  one  of  the  plants  of  Aluminum 
Corp.  of  America.  Made  by  Fed- 
eral, the  unit  provides  speeds  as 
high  as  300  welds  per  minute  on 
sheets  of  0.032-in.  aluminum,  and 


iig 


established  in  portions  up  to  the 
total  of  the  capacitor  bank  and  then 
dumped  into  the  welder  trans- 
former through  the  action  of  West- 
inghouse  electronic  controls,  housed 
in  the  center  cabinet  in  Fig.  2. 
Rectifier  and  voltage-regulating 
gear  as  well  as  part  of  the  capacitor 
bank  is  in  this  same  enclosure  while 
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Fig.  2 — Center  cabinet  of  roll  apot  woldar  group  contains  main  controls,  rectifier, 
voltage  regulating  system,  and  some  of  the  capacitors.  Enclosure  at  right  holds 
remainder  of  capacitor  bank 

can  handle  thicknesses  up  to  0.187  the  remainder  of  the  capacitors  are 
in-  in  the  right-hand  cabinet.  Peak 

According  to  the  setting  of  con-  power  demand  is  100  kva  on  a three- 
trols,  1500-  to  3000-volt  charges  are  phase  system. 

Electronics  in  the  Postwar  Automobile 
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A REDUCTION  of  some  99.9  per- 
cent in  the  time  required  for  heat- 
treating  starter  ring  gears  has  been 
achieved  by  Studebaker  Corp.  with 
the  use  of  electronic  induction  heat- 
ing. 

Under  the  old  procedure,  the  ring 
gear  was  taken  from  the  machining 
department  and  heated  gas 


oven  for  an  hour  before  quenching. 
A draw  followed  to  temper  the 
body  of  the  ring,  requiring  another 
hour  and  a half. 

Now,  an  electronic  heater  is  lo- 
cated in  the  machining  department 
in  proper  manufacturing  sequence. 
Gear  teeth  are  brought  to  a speci- 
fied 1500  deg  within  13  seconds  and 
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REFERENCE  permit!  oxtromo  osonomy  in  !•»*- 
cuts,  Fling  and  rtfmnca  recordings.  Doublt- 
tidnd  in  10",  12"  and  16"  diamofers. 


i cutting, 

bock,  whether  at  one®  or  in  the  hiti 

playback  lrf«  is  unequalled.  There  are  six  types  of  AUDIODISCS: 

RED  LABEL  top*  all  accoptad  quality  ttondardt 
lot  professional  uso.  Ooublo-sidod  in  6Vl",  I", 

10",  12"  and  16"  diamotors. 

SINGLE  FACE  RED  LABEL  brings  now  oconomy  MASTERS  tor  choirs  copies  (pressings)  otter 
*•  application,  requiring  but  one  side.  12"  and  electroplating  Double  or  s.ngle  face  in  12  , 
16"  diameters.  13%"  and  17%"  diameters. 

YELLOW  LABEL,  Double-sided  blanks  at  uni-  BLUE  LABEL  best  discs  at  low  cost.  Thin  olumi- 
form  quality  and  "wida  latitude."  Extra-fine  num  bate,  same  recording  lacquer  « Prot*»- 

odjustments  unnecessary.  Sizes  as  Red  Label.  sional  AUDIODISCS.  BV»  , 8 and 

All  AUDIODISCS  are  manufactured  on  aluminum  base-and  glass  base  too,  except 
for  the  6Mt"  and  Blue  Label  type.  * 

AUDIO  DEVICES.  INC..  444  MADISON  AVE.,  N.  Y.  C. 


AUDIOPOINTS 

Audiopoints,  made  by 
skilled  craftsmen,  are 
available  in  three  types  of 
recording  styli  and  three 
types  of  playback  points. 
Cutting  and  playback 
points  are  matched  to  give 
finest  performance. 

RECORDING  POINTS 
SAPPHIRE  NO.  14.  far  profession, 
alt,  designed  to  give  proper  thread 
throw.  No  finer  mode. 

STELLITE  NO.  34,  professional 
type.  Cuts  quiet,  shiny  groove  for 
several  hours. 

DIAMOND-LAPPED  STEEL  NO*.  50, 
cuts  a fine,  quiet  groove,  gives 
from  15  to  30  minutes  actual  re- 
cording time. 

PLAYBACK  POINTS 
SAPPHIRE  NO.  113,  finest  obtain- 
able. Complete  fidelity  and  mini- 
mum disc  weor. 

BENT  SHANK  NO.  154,  for  heavy 
pickups. 

STRAIGHT  SHANK  STEEL  NO. 
151,  for  light  pickups. 

Audio's  resharpening  and 
repolishing  services  give 
real  economy  in  the  use  of 
AUDIOPOINTS,  Nos.  14, 
34  and  113.  Consult  your 
local  dealer. 
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Electronic  function  aerres  the  Infrared  spectroscope  at  Westinghovse  Research 
Laboratories.  Infrared  light  output  Is  converted  to  electrical  current,  amplified,  and 
recorded  on  a pen-writing  chart 


and  inserted  in  the  unit  so  a beam 
of  infrared  light,  produced  by  a 
heated  silicon-carbide  rod,  ia  di- 
rected through  it  The  invuible 
light  is  conducted  along  a 30-fftf- 
zag  path  by  the  action  of  mirrcn 
and  prisms,  which  are  visible  in  the 
illustration,  and  ends  up  at  a seui- 
tive  receiver  which  converts  the 
light  into  electrical  current  From 
there  it  is  amplified  and  recorded 
on  a pen-writing  chart  outside  the 
machine. 

Dips  and  peaks  in  the  chart  reveal 
the  identity  of  materials  in  the 
sample  and  tell  how  much  of  each 
is  present.  Depending  upon  am- 
bient temperature,  molecules  of 
each  element  have  their  own  reso- 
nant frequency.  Material  in  the 
sample  manifests  itself  by  absorb- 
ing infrared  light  at  its  own  partic- 
ular frequency.  The  resulting  chart 
interprets  the  attenuation  of  a fre- 
quency as  the  presence  of  its  cor- 
responding material. 


i 


Cathode-Ray  Tube  Solves  Production  Problems 


Intricate  mathematical  problems 
which  might  require  years  of  ordi- 
nary calculations  are  solved  in  a 
few  days  by  the  mechanical  tran- 
sient analyzer  shown  here  being 
operated  by  Dr.  Gilbert  D.  Mc- 
Cann, who  together  with  Harry  E. 


Criner,  developed  the  unit  at  West- 
inghouse  Electric  Corp. 

Originally  ’designed  to  meet  new 
problems  in  the  design  of  turbo- 
generator units,  the  analyzer  has 
been  pressed  into  service  on  such 
diverse  calculations  as  those  in- 


volved in  vibration  studies  on  ship 
propulsion  equipment  and  the  me- 
chanics of  packing  electron  tubes 
against  damage  in  shipment. 

Electrical  counterparts  are  as- 
signed to  all  the  mechanical  fscton 
involved  in  a problem,  circuits  are 
connected  in  appropriate  sequence, 
and  transient  impulses  are  apph« 
by  rotating  mechanical  switch® 
The  solutions  are  written  on  a 
ode-ray  screens  of  conventional  os- 
cilloscopes. . , 

“Engineers  have  long  recogn 
a relationship  between  mechanical 
and  electrical  systems,’  say® 
McCann,  “but  the  development 
apparatus  to  carry  through^ 
relations  for  a practical  purP0^ 
has  been  a stumbling  block  , 
full  use.”  The  particular  develop- 
ment which  made  the  new  * . 

possible  is  a specially  con  6 
low-loss  inductance  wh,cb  * 
the  representation  of  w*® 
systems  with  extremely 
ing. 


Cathode- ray  oscilloscopes  provide  the  answers  to  mathematical  problems  In  new 
Westinghouse  analyzer 


Electronic  Fuel  Gag*”# 
MINIMIZING  ERROR  and 
reliability  are  two  of_ 
achievements  of  a 
electronic  fuel  gage 


designed 


for 
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ADAPTATION 

IS  A PUSHOVER- 


PROBLEM 

To  cool  the  portable 
projector  to  a maximum 
temperature  rise  of  35°F 
on  the  case  surface,  and 
to  filter  inlet  air,  elimi- 
nating dust  from  the  air 
stream  to  keep  multiple 
lenses  clean.  Current 
available:  20-23  V,  D.C. 
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QUICKLY  SOLVED 

Dynamic  Air  Axial  Flow  Blower  No.  1921 F-0 
12"  diameter),  with  an  aluminum  mesh  filter, 
delivers  10  C.F.M.,  net,  through  the  projector  . . . 
and  holds  temperature  rise  to  15°F.  Total  weight 
of  fan  and  filter,  10  oz. 


Once  the  facts  of  the  problem  were  known,  adaptation  of 
a Dynamic  Air  Axial  Flow  Blower  and  a Dynamic-designed 
heating  unit  to  deliver  the  correct  air  flow  at  the  required 
temperature  rise  was  a “pushover"  for  Dynamic's  expe- 
rienced air  engineers!  This  problem  is  typical  of  help  they 
are  giving  in  many  fields— for  both  war  and  postwar  needs. 

Pioneered  by  14  years'  laboratory  and  field  development 
work,  Dynamic's  Axial  Flow  Blowers  are  the  most  ad- 
vanced application  of  the  “air  delivered  in  a straight  line" 
principle  . . . with  a big  saving  in  space,  weight  and 
horsepower  input. 

If  you  ha  ve  an  air  movement  problem  in  connection 
with  present  or  projected  equipment,  take  advan- 
tage of  Dynamic’s  long  experience  in  solving 
difficult  blower  problems  . . . write  or  wire  today! 
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FUEL  GAGING  (cMliuMI 

aircraft  use  and  shown  in  the  ac- 
companying illustration.  The  com- 
ponents of  the  system  include  > 
capacitor  sensing  unit,  a power 
unit,  and  a cockpit  indicator. 

As  shown  in  the  circuit  diagram 
the  unit  contains  an  oscillator  sec 
tion  consisting  of  a single-tube  os 
cillator  that  generates  a frequent; 
of  approximately  10,000  cps. 

The  output  frequency  of  this  os- 
cillator is  impressed  on  two  parallel 
circuits,  each  containing  a capaci 


Circuit  oi  quo®  that  measures  lo*l  ,e 
within  three  percent  accuracy  orer  =1 
ranqes  oi  temperatures.  Oiciliotor  Me 
tion  consists  ol  a sinqle-tube  qenentla 


tor  and  an  inductor.  As  shown,  oct 
of  the  capacitors  is  the  tank  unit 
whose  capacitance  varies  as  a fuse  . 
tion  of  the  depth  of  fuel  in  * I 
tank— its  dielectric  changes  fr® 
100  percent  fuel  to  100  percent 
by  intermediate  stages  as  the  fu- 
level  is  varied. 

The  other  capacitor  is  Axed  » 
serves  as  a reference  for  the 
able  capacitor.  The  cockpit  INF 
takes  the  form  of  an  indicate 
instrument  reading  the  raoe 
tween  the  rectified  output  rt 
fixed  and  variable  circuits.  W 
voltage  going  to  the  reefi  er 
the  variable  side  changes  in  r 
with  the  fuel  level  plus  van* 
in  the  voltage  and  frequency 
the  oscillator.  However,  «*• 
fixed  side  also  exmoiu  •. 
variations,  the  final  ratio  is 
pendent  of  such  irregularities- 

The  circuit  designed  by 
monds  Aerocessories,  Inc.,  « 
York,  is  such  that  accuracy  ^ 
dication  is  maintained 
percent  upon  the  replace®  ..- 
tube  in  the  power  unit.  „_e  circuit 
the  tube  will  affect  only 


PRECISION  TEN  TURN  POTENTIOMETER 


Complete  unit  showing 
terminals  moulded  in  as 
integral  part  of  housing. 


' Ground  thread  stainless 
steel  lead  screw. 


Resistance  wire  moulded 
as  integral  part  of  unit. 
No  shifting,  loosening  or 
variation. 


Yes!  linear  to  within  1/lOth  of  1% 
— the  climax  of  long  experience  and 
accumulated  "know-how”  in  preci- 
sion engineering.  This  accuracy  is  guar- 
anteed in  die  GIBBS  MICROPOT, 
die  new  10- turn  Potentiometer. 

In  this  remarkable  unit  resistance 
is  direedy  proportional  to  shaft  rota- 
tion through  a full  3,600  degrees  . . . 
within  plus  or  minus  10  ohms  in  a 
10,000  ohm  unit.  Such  results  are 
obtained  by  precision  manufacturing 
and  engineering  knowledge. 

Constant  stability  of  resistance  and 
linearity  is  assured  through  the  fact 
that  the  resistance  element,  with  both 
end  terminals  soldered  in  place,  is 
moulded  as  an  integral  part  of  the  in- 
strument housing.  There  can  be  no 
loosening  or  shifting  of  the  resistance 
wite.  . . . Thousands  of  these 


GIBBS  MICROPOTS  are  proving 
their  built-in  long  life  qualities  — 
many  being  used  in  radar  operation. 

In  stock  and  available  now  are  units 
of  1,000  to  30,000  ohm  range.  If  re- 
quired, special  resistance  values  can 
be  made  to  order.  If  you  have  a par- 
ticular problem,  our  specialists  will 
tie  glad  to  consult  with  you  at  any 
time.  Write  today  for  engineering 
specifications. 


Testing  tensile  strength  in  one 
of  our  fine  wire  finishing  rooms. 


SPECIFY  SPENCER" 
for  exact  specifications 


SPENCER 


OMPANY 

WEST  BROOKFIELD  PLANT 

WEST  BROOKFIELD  - MASS. 


w 

ONLY  ONE 


Yes,  only  one  of  the  many 
tests  Spencer  Wire  is  subjected  to  before 
the  best  fine  wire  is  incorporated  in  your 
product.  The  coating,  the  physical  charac- 
teristics and  the  chemical  composition  of 
each  run  of  wire  is  controlled  in  our  labora- 
tories and  wire  drawing  rooms.  Beryllium- 
Copper,  Phosphor  Bronze,  Stainless  Steel, 
and  High  Carbon  Steel  Wire,  in  exacting 
sizes  are  made  to  your  specifications. 
Consult  our  Engineering  Department  for 
the  solution  to  your  fine  wire  problems. 


&ECTRONICS  — D«.mW  IMS 


Digitized  by  LnOOQle 


143 


Proven  In  War!. — , 


PROMPT 

DELIVERY! 
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Now  Available.. 

for  Peace  Time  Application 


TELEVISO  Series  200A  VT  Voltmeter 


I 

■ 

■ 

■ 

& 


TELEVISO  pioneering  in  the  production  of  measuring  apparatus  for  the  SONIC  to 
UHT  SPECTRUM,  has  specialized  in  building  dependable  Vacuum  Tube  Voltmeters. 


A necessity  wherever  dependable  voltage  measurements  within  the  range  of  7 cps  to 
500  megacycles  are  required — the  Te  lev  iso  Series  200A  VT  Voltmeter  is  highly 
accurate  and  stable.  IMPORTANT  WAR  TIME  DEVELOPMENTS  ARE  AVAIL- 
ABLE FOR  THE  FIRST  TIME  IN  THE  FOLLOWING  FEATURES:— 


SUPERSENSITIVE  RANGE— the  lowest  readable  voltage  is  .05  volts  on  a maximum 
scale  range  of  .5  volt. 


FIVE  VOLTAGE  RANGES— .5,  2,  15,  50.  150— spread  full  scale  on  a 4W  meter 
dial  for  easy  reading.  Accuracy  of  readings  are  2°k  full  scale;  middle  scale  accu- 
racy is  5%  or  better. 


PROBE  CONSTRUCTION — detachable  probe  to  eliminate  cable  wear;  easily  dis- 
mantled for  tube  replacement  or  for  soldering  to  tube  terminals  for  measurements  in 
the  250-500  MC  region ; flat  Vz"  wide  brass  terminals  connect  to  input  to  make  easy 
soldering  to  test  or  work  piece;  for  low  frequency  work  up  to  100  MC,  removable 
banana  plugs  are  spaced  center  to  center  for  use  with  standard  jacks. 


MECHANICAL  CONSTRUCTION — of  aluminum  throughout;  panel  and  cabinet 
are  Va"  thick  (cabinet  is  dural  ) ; sub-chassis  is  Vg*  and  spaced  off  the  panel  by  studs 
to  simplify  servicing;  all  components  are  fastened  to  sub-chassis. 

ELECTRICAL  CONSTRUCTION  AND  CIRCUIT— Series  200A  utilizes  the  finest 
components  throughout  and  carries  a two  year  guarantee.  The  circuit  is  a stable 
plate  circuit  rectifier.  No  diode  input  tube  is  used.  The  plate  circuit  rectifier  type 
makes  available  higher  input  impedance  at  all  frequencies.  No  shortening  of  input 
probe  is  required  for  zero  adjustments.  All  zero  adjustments  are  made  once  and 
remain  constant.  A panel  adjuster  is  available  to  make  the  unit  usuable  without 
heating  up  time.  All  filament  and  plate  voltages  are  transformer  and  tube  regulated. 

BUILT-IN  CALIBRATION  VOLTAGE — All  units  have  a jack  which  produces  a 
constant  6.3  volts  for  standardizing.  This  is  the  regulated  filament  voltage.  The 
sensitivity  can  be  adjusted  without  tools  in  the  event  tubes  are  replaced  in  the  field. 
The  Series  200A  will  operate  satisfactorily  from  any  source  of  voltage  from  95  to 
130  volts  ac.  Line  voltage  surges  are  not  observable  during  use. 

SIZE — 14"H  x 9,/V'W  x TVi'D.  Guaranteed  2 years.  Price  $170.00  F.O.B.  Chicago. 


TELEVISO 
PRODUCTS  CO. 

7466  IRVING  PARK  ROAD  CHICAGO  34,  ILLINOIS 
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FUEL  GAGING  (cwHwfl 

thus  only  one  indicator  reading. 
Failure  of  the  tube  causes  the  in- 
dicator to  read  off  scale. 

Four  types  of  sensing  units  for 
tank  mounting  are  provided.  The; 
include  a flange  type  as  shown  it 
the  illustration,  a non-flange  type 
which  mounts  by  bolts  to  the  inns 
walls  of  fuel  tanks,  a quick-assemblj 
type  held  in  self  sealing  tanks  bj 
cemented  synthetic  end-fittings,  aid 


Capacitor-type  ulucttonlc  fuel  («•  I 
composed  of  tank  tmlL  power  ot  °- 
cockpH  Indicator.  Coaxial  cable  U wet 
between  tank  and  electronic  sedtoe  b 
power  unit.  No.  22  wire  to  biWr 


a stiffener  type  which  serves  as  s 
structural  member  of  the  tank  * 
addition  to  its  sensing  element  tot- 
tions. 

Power  units  are  supplied  for  u* 
with  d-c  or  a-c  power  supply—^ 
units  approximating  H R*  ,l' 
dicator  and  a-c  units  running  1 
little  more. 


Indicator 
Cockpit  gages  are  available  # j 
ingle  and  dual  100-deg  are 
nd  small  and  large  260-deg  w* 
Lbsolute  adjustment  for  fun  “ 
mpty  are  made  directly  on 
ndicator,  permitting  calibration  bj 
. single  individual.  It  in  rec 
aended  that  indicating  g»P» 
alibrated  in  weight  of  fuel  « 
han  liquid  measure,  since  ttu  _ 
nore  accurate.  Junction 
ormer  heads  are  used  for  mul  P 

ank  unit  installations  as  a means 

looking  up  inner  and  ouh* 
onnections  so  that  capacf 
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with  ail  the  wartime  improve- 
ments in  engineering  and 
workmanship. 


ORDERS  ARE  INVITED 


Deliveries  ranging 
from  one  to  four 
months. 


FULL  DATA  ON  REQUEST 


EASTERN  AIR  DEVICES,  IN 


585  Dean  Street  • Brooklyn  17,  N 

An  AMfioFn  of  Tho  trod  Goat  Co.,  Inc.,  Est.  1893 


MANUFACTURERS  OF  CONTROL  DEVICES  AND  COMPONENTS  FOR  ELECTRICAL,  ELECTRON, C AND  MECHANICAL  APPLICAT.ONS 

XONICS — Docomkor  1945 
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This  unusual  Arnold  manual  on  permanent  magnets  is  the  product  of 
many  months  of  careful  research  and  planning. 

It  is  devoted  entirely  to  the  consideration  of  the  factors  affecting 


on  your  letterhead, 
for  your  free  copy. 


the  design,  fabrication  and  application  of  Alnico  permanent  magnets. 


Written  entirely  by  Arnold  engineers,  its  purpose  is  to  help  engineers 
in  industry  to  better  utilize  the  magnetic  and  physical  characteristics 
of  the  Alnico  alloys  in  arriving  at  efficient  design. 


Highway  Rad 
of  Truck  Tra 


Write  today,  on  your  letterhead,  for  your  free  copy. 


The  Arnold  Engineering  Eompany 


147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 


Specialists  in  the  Manufacture  of  ALNICO  PERMANENT  MAGNETS 
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fDEAl  FOR  RADIO  WORKS 
KWIKHEAT  SOLDERING  IRON 


ITSELF/ 


! '\0 
°4f_  Tl?  ' 

complete  u.i. 

APPROVAL 


(OOl,  PROTECTING 


MODERN  DESIGN 


WELL  IALANCED 
LIGHT  WEIGHT 


THERMOSTATIC 
HEAT  CONTROL 


QUICK  HEATING 


• INTERCHANGEABLE 


★ Weigh*  only  14  ozs 


★ 225  Watts— Powerful! 


★ Heats  In  only  90  Seconds 


£ f Only  the  Kwikheat  has . . . 

^Built-in  Thermostatic 

Heat  Control  . . . Check  the  exclusive 

advantages  that  put  the  Kwikheat  Soldering  Iron  in  a 
class  by  itself  . . . it's  HOT,  ready  to  use  only  90  seconds 
after  plugging  in.  Saves  time.  The  built-in  thermostat 
keeps  the  Kwikheat  Iron  at  correct  temperature  for 
most  efficient  work — can’t  overheat  saves  re-tinning 
time.  Powerful,  225  watts,  yet  it’s  light  (14  oz.)  -well 
balanced.  Cool — safe — protected  handle.  Six  inter 
changeable  tip  designs  enable  one  iron  to  do  most  jobs. 
You  cannot  afford  to  overlook  the  Kwikheat  Soldering 
Iron.  Write  for  information — $11  with  choice  o 
# 0 , 1,  2,  3 or  5 tip. 


THERMOSTATIC  SOLDERING  IRON 

Sound  Equipment  Corp.ol  Calif..  3903  San° Fernando  Rd..  Glendale  4.  Calif. 
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n*i3':Pefe  are  ^ourteen  practical  advantages  of  theremoplastic  in- 
jal  # f*n  over  °^er  fypes  of  construction  . . . advantages  which 
engineering  now  makes  possible  at  what,  in  most  cases,  is 
try PREMIUM.  Check  them  yourself:  I.  Superior  aging 

roll*  riw’  2'  Hi9h  resistance  to  oxidation,  3.  Low  moisture 
4.  High  dielectric  strength,  5.  High  tensile  strength, 
bf  !^ance  *°  ^amei  7.  Flexibility  at  low  temperatures, 

{distance  to  abrasion,  9.  Resistance  to  chemicals,  10.  Re- 
p^Jatooils.nd  9reases-  Ease  of  installation,  12.  Increased 
Pt'V'm'il'  ^rac*'ve  appearance,  14.  Broad  color  range. 

^ er  ’ " 


when  you're  thinking  of  PLASTIC  you're  thinking 


Thermoplastic  insulation  speci 
ists  . . producing  a comple 

line  from  fine  wires  to  heavy 
ower  cables . . . serving:  Public 

Utilities,  Radio,  Electron  Ap- 
pliance and  I n strurWent  Manu- 
acturers,  Telephone 
and  Contractors. 
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Two  of  the  anlonno*  u**d  «»  »*P®rl 
ments  conducted  on  2660  me  or 
rood  radio 


Digitized  by 


Google 


pressure  sensing  unit 


(continutd) 


the  devices  can  be  used  for  hitherto 
impossible  operations. 

A fine  filament  of  wire  bonded  to 
a hollow  metal  core  is  the  heart  of 
the  device.  The  gas  or  liquid  pres- 
sure to  be  measured  is  applied 
against  this  core.  Increasing  pres- 
sure stretches  the  filament  and 
causes  measurable  changes  in  its 
electrical  resistance.  Resulting  cur- 
rent changes  are  amplified  and  used 
to  actuate  a control  system  or  they 
are  read  on  an  indicating  instru- 
ment. Stretch  of  one-millionth  of  an 
inch  can  be  detected. 

The  unit  is  hermetically  sealed 
and  has  an  inbuilt  compensator  to 
cancel  out  the  effect  of  any  such  ex- 
traneous force  as  temperature  may 
produce.  Size  of  the  complete  de- 
vice is  only  one  in.  diameter  by  51 
in.  long. 


Railway  Communications 
on  2660  MC 

Application  of  nearly  superhigh 
frequencies  to  railway  communica- 
tion has  been  announced  by  the  Chi- 
cago, Rock  Island  Railroad.  The 
system  now  being  installed  on  the 
Chicago  Division  was  developed  as 
a result  of  experimental  work  con- 
ducted by  E.  A.  Dahl  of  the  Rock 
Island  and  H.  H.  Willis  of  the 
Sperry  Gyroscope  Co. 

Communication  between  engineer 
and  conductor  is  provided  by  trans- 
mitters and  receivers  equipped  with 
press-to-talk  hand  sets,  installed  in 
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precision,  accuracy  and  de- 
bility of  much  electrical  equip- 
are  impaired  by  varying  supply 

trying  power  supply  handicaps 
::  : equipment  why  not  install 
If  i etic-type  Raytheon  Voltage 
dasMi  lizers?  Long-proved,  job-rated, 
doss  i iesigned  to  meet  practically  any 
rBp-  lation  need,  they  are  boosting 
^ ® ‘ rnance  in  a wide  variety  of  elec- 
1 equipment  in  many  useful 
!,  ! ications. 

posi  * Get  these  principal  operating 
advantages: 

,trel  of  ou»put  voltage  to  within  ±Vi% 
»#«**ill5or230  V. 


ts,  installed  Miiation  at  any  load  within  rated  ca- 


IDS  • ' '*  F response.  Stabilizes  varying  in 
rOltf  1/20  second, 

jgjj  UJfSrely automatic.  No  adjustments. 
^,{(1  <’  #v'n9  Ports.  No  maintenance. 

M the  complete  story  in  our  Bulli 
10  It1,1'  Write  for  your  copy  today. 

RAYTHEON 

rsANur ac Turing  company 

WAltHAM  S«,  MASS. 


niCTRICAl  EQUIPMENT  DIVISION 
fx<v//<>nce  in  £/*>c/lcnica 
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^ON'CS-Oecemi*,  1945 


For  Radio  • Television  e Communications 
Radar  • Motion  Pictures  Sound  Recording 
Electronic  Devices  e Constant  Speed  Motors 
Production  Machinery  • Signal  Systems 
X-ray  Equipment  # Testing  and  Laboratory 
Equipment. 
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AVAILABLE  IN  ABOVE  TWO  FORMS 
RATED  AT  125  M.A.  FOR  ALL  SIZES 

Complete  information  on  these  and 
other  Hanovia  Chokes  on  request. 

HANOVIA 

CHEMICAL  & MANUFACTURING  CO. 

Industrial  Division 

Dept.  E-17  Newark  5,  N.  J. 


RAILWAY  COMMUTATIONS 


( conti  Mnd) 


engine  and  caboose  on  freights, 
and  engine  and  coach  on  passenger 
trains.  Continuous  contact  with 
wayside  stations  is  assured  by  relay 
stations  placed  along  the  right-of- 
way,  and  operated  in  conjunction 
with  a carrier  telephone  system. 

Ten  watts  of  r-f  power  at  2660 
me,  frequency  modulated,  is  ob- 
tained from  liquid  cooled  klystrons 
of  the  power-amplifier  type.  A 
fundamental  frequency  of  approxi- 
mately 4.92  me  is  obtained  from  a 
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Microwave  (2680-mc)  ImiuaBW 
receiver  developed  by  ^ ^ 
scope  Co.  enqineeis.  The  ftndd-eoow 
klystrons  at  lot  left  anltlply  W* 
to  produce  the  final  lisqaency 

crystal  controlled  oscillator.  This » 
trippled  twice,  doubled  and  tnpW 
again  before  being  fed  to  a By- 
stron  frequency  multiplier  tna 
raises  it  ten  times  to  the  earner 

frequency.  . , 

Specially  designed  antennas, 
by  stub-supported  concentric 
concentrate  the  radiated  power  1 
a pancake-like  field.  Consistent  re- 
sults have  been  obtained  m P 
tice  where  the  trains  were  opera 
ing  in  tunnels  or  in  deep  gorges. 


Ship-search  Radar  for 
Troopships 

SAFE  AND  SPEEDY  return  of  9^ 

men  from  overseas  is  J ^ 
of  a current  program  of  ^ 

ship-search  radar.f“^  bottom-* 
transport  vessels.  All  n w 

as  well  as  those  not  PJ®  go-1 
equipped  are  having  Models 
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and  SO-8  radar  put  in  by  Raytheon 
field  engineers  assisting  Navy  sup- 
ervisors. That  company  has  been 
the  sole  producer  of  both  SO  and 
SG  microwave  radars. 

The  SO  type  is  a small  modified 
version  of  the  SG  whidi  finds  s 
place  on  all  combatant  ships  of  the 
U.  S.  Navy.  The  SO  system  his 
been  applied  to  thousands  of  land- 
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A complete,  expertly-manned  tool  and  die  shop 
enables  Insuline  to  give  almost  immediate  deliv- 
ery on  anything  a manufacturer  might  require... 
from  a lug  to  a gigantic  transmitting  cabinet... in 
quantities  and  to  specifications. 

The  rest  of  the  Insuline  plant  is  equally  well 
equipped  to  serve  the  nation's  manufacturers. 
Batteries  of  high-production  machinery  are  avail- 
able to  turn  out  such  items  as  chassis,  metal 
boxes,  cabinets,  terminal  boards,  and  special 
stampings  of  all  kinds. 

Moreover  Insuline  can  produce  the  item  you  re- 
quire from  beginning  to  end,  all  within  the  walls 
of  the  Insuline  plant. 

If  you  have  a production  problem,  an  Insuline 

Engineer  will  be  glad  to  discuss  it  with  you.  If  you 
prefer,  send  your  specifications  and  we  will  send 
an  accurate  estimate  by  return  mail. 
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Installation  oi  a typ.  SO  radar  in  ll» 
pilot  hottso  oi  a troopship  Is  .howa  h 
this  Signal  Corps  photograph.  Baylhroi 
goar  of  this  roods)  Is  bolng  h-talM  h 
troopships  lor  spssdlsr  ocoan  erosrhR* 

ing  craft,  PT  boats,  attack  trans- 
ports, auxiliaries,  and  patrol  craft 
As  used  in  the  present  transport 
of  troops,  the  gear  saves  time  » 
the  ocean  crossing  because  the 
ships’  speed  does  not  have  to  be 
reduced  in  fog  or  darkness,  con- 
sions  and  delays  are  eliminated, 
and  the  vessels  can  get  in  and  on 
of  ports  regardless  of  weather  or 
the  time  of  day. 


High-Frequency  Aircraft 
Ignition  System 

The  schematic  diagbam  show8* 
high-frequency  aircraft  ip”1 
system  which  was  successful 
flown  last  year  on  one  enpaeo 
AAF  B-24  bomber  at  Vandal* 

Ohio.  Further  tests  are  being® 

on  B-24’s  at  the  Smyrna  Army 
Base,  Smyrna,  Tenn.  ^ 

Voltage  at  approximately 
volts  is  generated  in  the 
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The  Ballentine  Changer  Motor 

has  these  four  characteristics  achieved  by  advanced 

design,  skilled  engineering  and  precision  manufacturing 

• Lowest  Rumble  • Highest  Efficiency 

• Most  Compact  Design  • Longest  Life 

The  Quiet  Ballentine  Changer  Motor  is  recommended 

to  record  changer  manufacturers  seeking  to  provide 
the  ultimate  in  performance. 


RUSSELL  ELECTRIC  COMPANY 

364  WEST  HURON  STREET  • CHICAGO  10,  ILLINOIS 

BALLENTINE 

RECORD  CHANGER  MOTOR 
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Webster  Electric  Pickups 


WEBSTER  Electric  Pickups  have  won  their 
present  position  of  pronounced  preference 
among  those  who  make,  sell  and  own  radio* 
phonograph  combinations  because  of  their  su* 
perb  performance. 

These  fine  quality  pickups  are  precision-built  to 
meet  the  highest  standards  of  tonal  beauty  in  rec- 
ord reproduction.  Sensitive,  delicate,  responsive 
. . . they  cover  the  entire  range  of  vocal  and  or- 
chestral tone  with  unsurpassed  clarity  and  fidel- 
ity. Despite  a constantly  increasing  demand  for 
Webster  Electric  Pickups  and  Cartridges,  each 
one  must  meet  the  most  rigorous  inspection  tests 
before  it  leaves  the  factory. 

If  you  have  not  already  standardized  on  Webster 
Electric  Pickups  for  your  present  or  planned  line 
of  fine  radio-phonograph  combinations,  we  urge 
you  to  consult  with  us  on  your  needs  without 
delay.  Write  us  direct. 


Keep  Buying  Bonds 


C Licensed  under  patents  of  the  Brush 
Development  Company) 


WEBS  TER®  ELECTRIC 

tsclM.  Wltcsasla.  O.S.A.  • EstaMUfea*  ISM  • Expert  Bast:  IS  I.  4Stk  Straat,  Haa  Yaik  (IS).  H.  T.  Calls  Aidraii  "ARIAS"  New  YarS  City 
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fold  ring  into  r-f  at  two  to  three 
million  cps  by  an  impulse- type  fre- 
quency converter,  delivered  to  the 
spark  plug  through  a shielded 
coaxial  line,  and  there  transformed 
to  about  10,000  volts  for  firing  the 
plug.  The  final  voltage  step-up  is 
performed  in  a small  transformer 
sealed  hermetically  into  the  well  of 
a standard  aircraft  spark  plug. 

The  energy  produced  in  this  sys- 
tem has  such  a steep  wave  front 
that  it  is  capable  of  igniting  a cylin- 
der charge  despite  fouled,  leaded,  or 
carbonized  plugs,  conditions  which 
often  arise  from  long  periods  of 


WEAKER  pMAGNUO 
COIL 


Circuit  diagram  of  th«  high-fr#qn*Bcy 
aviation  ignition  *7*tom.  It  will  fir*  a 
spark  plug  shuntsd  by  10.000  olus 
rMlstanc* 

idling,  taxiing,  or  gliding.  Inabil- 
ity of  the  pilot  to  get  full  power 
from  the  engine  immediately  under 
these  conditions  frequently  causes 
forced  landings.  In  tests,  this  cir- 
cuit was  able  to  fire  plugs  against  a 
shunt  resistance  of  10,000  ohms 
where  conventional  systems  best" 
to  miss  at  100,000. 

Other  advantages  include  in- 
creased engine  output  as  a rea  0 
the  possibility  of  using  colder 
plugs  without  fear  of  misses  from 
fouling;  good  high-altitude  ope 
tion  because  of  low-tension 
bution ; increased  spark  plug 
since  gap  erosion  is  reduerf  W 
low  energy  level;  substantial  ^ 
tion  in  radio  interference, 
saving  of  10  lb  or  more  per 
Because  the  major  P°r 
work  to  date  has  been  dired* 
engines  for  large  military  ^ 
the  possibilities  for,8®aU.fvc  r,0t 
planes  and  automobiles 
been  explored  as  completely- 
ever,  the  indications  art  ^ 
mav  be  many  useful 
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BY  IRVINGTON 


Irvington  again  sets  the  pace  with  three  improved 
insulations: 

Varnished  Fiberglas-and-Fiber,  that  combines  the  heat 
End  moisture  resistance  and  high  mechanical  strength 
of  flexible  Fiberglas  with  the  high  insulating  qualities  of 
Irvington  formulated  varnish. 

Duplexed  V arnished  Fiberglas,  that  furnishes  added  pro- 
tection against  high  temperatures  and  dampness  with 
two  layers  of  varnished  Fiberglas  that  are  flexibly  bonded 
together,  providing  increased  dielectric  and  mechanical 
strength  and  improved  cushioning  effect. 

Special  Thin  Slot  Insulations,  consisting  of  varnished 
Fiberglas,  rayon,  nylon  or  cambric,  duplexed  to  rag 
paper,  in  extremely  thin  combinations  which  provide 
high  dielectric  insulations  for  narrow  and  shallow  slots 
wherever  space  is  limited. 

With  these  three  additions  to  its  broad  line,  Irvington 
jurther  increases  its  leadership  in  the  production  of  slot 
insulations  to  meet  all  operating  condi-  w nt 

tons  and  requirements.  Complete  co- 
operation in  fulfilling  your  needs  is  (( 

eely  offered.  Write  Department  46.  \\ 


Other  Irvington  product*  include . . . insulating 
varnish,  plastic  tubing  and  tape,  varnished 
tubing,  varnished  iabrics.  varnished  Fiber- 
glas, wire  markers.  Cardolite  Compounds. 


IRVIHGTON 


VARNISH  & INSULATOR  CO. 
Irvington  11/  New  Jersey,  U.  S.  A. 


lOOK  TO  IRVINGTON  FOR  CONTINUED  LEADERSHIP  IN  INSULATION 
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AIRCRAFT  IGNITION 
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The  urgent  demand,  in  peacetime  day*,  by  the  aircraft 
and  radio  industries  for  a compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip- 
ment  for  the  armed  services. 


Pincor  BX  motors,  in  their  classification,  meet  the  varied 


requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 


Depend  on  these  rugged  Pincor  quality-proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


BUY  MORE  BONDS! 


DYNAMOTORS  • CONVERTERS 
GENERATORS 

POWER  PLANTS  • GEN-E-MOTORS 


PIDNEER  GEN-E-MDTOR 

C □ R P □ R AT  I □ N 


5841-49  DICKENS  AVENUE 


CHICAGO  39,  ILLINOIS 


Export  Office,  25  Warren  Street,  New  York  7,  U.S.A. 
Cable  Address:  Simontrice,  N.  Y. 
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high-frequency  ignition  systems. 

The  development  was  derived 
from  work  done  previously  by  Fred 
J.  Hooven  of  Dayton,  Ohio  and  was 
performed  by  P.  B.  Mallory  & Co., 
which  has  concluded  licenses  with 
American  Bosch  Corp.  and  the  Scin- 
tilla Magneto  Division  of  Bendii 
Aviation  Corp.  with  others  under 
discussion  for  further  development 
and  manufacture. 


Direct-indicating  Comparison 
Bridge  for  Production 
Testing 

Designed  for  rapid  production  test- 
ing where  moderate  accuracy  is 
desired,  the  circuit  shown  in  the 
illustration  provides  comparison  of 
resistors,  capacitors  and  inductors 
to  a similar  standard.  It  consists 
of  an  a-c  slide-wire  bridge  and  an 
electron-tube  indicating  circuit 
The  slidewire  covers  a range  of 
approximately  ±50  percent  of  the 
value  of  the  standard. 

Three  working  standards  art 
used  in  calibration  of  the  gear:  one 
of  nominal  value  and  one  each  of 
upper  and  lower  desired  limits. 
Low  and  high  values  can  be  differ- 


. After  adjustment,  the  sep» 
e indicating  meter  provide 
bin-limits  reading  «P 
rked  point  on  the  scale 
side-limits  reading  beyonM  jred 
testing  operator  is  not  r 
rotate  dials  or  press  button*. 
Accuracy  of  the  equ.p®*^ 
gely  dependent  on  the 
ich  limits  are  set  as  wel' 
on,  in  11.. 
isitivity  and  stability 
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ran  Transformer  for  practice 

in  all  electronic  circuits, 
to  fit  in  a microphone  to  the 
plate  transformers  used  by 
stations.  Whatever  their  size, 
common — the  quality  con- 
an  the  leader  in 
-four  years.  When 
in  which  you  are 
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from  the  RICHARDSON  files  . . . 


Problem:  to  produce  a 
bearing  that  is  strong , 
hard  and  yet  able  to  ab- 
sorb shocks  and  noise. 

Solution:  Richardson 
Plasticians  designed  a 
bearing  composed  of  a 
wearing  surface  of 
graphitized  Laminated 
INSUROK  for  strength 
and  hardness,  and  live 
rubber  for  shock  and 
noise  absorption.  It  can 
operate  with  or  without 
lubrication. 


This  is  typical  of  the  plastics  problems 
handled  by  Richardson  Plasticians  almost 
daily.  No  two  are  exactly  alike — but  each 
is  solved  with  the  same  “know  how,”  the 
same  background  of  experience  unique 
in  the  plastics  industry.  For  in  addition 
to  molding  and  laminating  famous 
INSUROK  Precision  Plastics,  Richardson 
has  complete  facilities  for  molding  bitu- 
minous plastics,  rubber  and  rubber- 
plastics  combinations — and,  of  course, 
all  fabricating  and  finishing  operations. 


^RICHARDSON  COMPANY 

LOCKLAND,  CINCINNATI  IS,  OHIO  FOUNDED  1S5S  So/»i  HtoUqvorftrt.-  MELROSE  PARK,  ILL. 
Sold  Offlcpi:  NEW  YORK  « . CLEVELAND  IS  . DETROIT  7 

Foclorlo>:  MELROSE  FARK.  III.  NEW  BRUNSWICK.  N.  J.  INDIANAPOLIS,  IND. 
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PRODUCTION  TESTER  Icortwdl 


as  to  permit  successful  operation 
with  limits  set  as  close  as  ±5 
percent  or  as  wide  as  ±50  percent 
of  nominal.  As  made  by  Industrial 
Instruments,  Inc.,  the  range  of 
measurement  on  capacitance  is  from 
0.0001  to  1.0  /if;  in  resistance,  from 
2000  ohms  to  20  meg;  and  in  in- 
ductance, from  5 to  50,000  henry!. 


* * * 

Selsyn  Indicating  Systems 
for  Remote  Readings 
By  F.  Wisk 

Long  Branch,  .V.  J. 

Indicating  systems  that  provide 
readings  remote  from  the  scene  of 
operations  have  found  wide  applica- 
tion in  industry  during  recent  yean 
and  have  been  used  in  many  mili- 
tary equipments.  In  such  system, 
selsyn  motors  provide  a convenient 
and  flexible  means  of  remote  elec- 
trical position  indication.  A basic 
indicating  system  consists  of  a 
transmitter  and  receiver,  with  both 
units  being  electrically  identical 
The  transmitter  rotor  is  driven  by 
external  mechanical  means  and  the 
receiver,  at  a remote  point,  indicates 
the  position  of  the  transmitter 
rotor.  To  understand  the  theory  of  . 
operation  of  selsyn  indicating  sys- 
tems a review  of  basic  theory  o 
the  principles  involved  is  in  order,  j 

Action  on  D-C  and  A-C 


Referring  to  Fig.  1,  coils  A ani 
3 are  placed  in  close  proximi. 
;o  each  other.  Assume  that  coi 
1 is  held  in  a stationary  P°sltw 

ind  coil  Bis  light  and  free  to  move 

f a force  is  exerted.  If  sw,tctl 
s closed  momentarily,  a curren 
vill  flow  in  coil  A which  in  turn  *> 
oe  induced  in  coil  B.  Smce 
iuced  current  in  coil  B wi 
in  the  opposite  direction  to  coi  • 
like  magnetic  poles  will  be 
as  indicated  and  coil  B will 
pelled  by  coil  A.  , A 

Referring  next  to  Fig-  A 
is  connected  to  a source  0 , 

nating  current  and  cr®ates  {re. 
current  in  coil  B at  the  ^ 
quency.  The  induced  current  £ ^ 
B is  opposite  in  direction 
hence  in  Fig.  2 coil  B 

pelled  by  coil  A.  Although  ^ 
netic  poles  of  coils  A ^ 

rapidly  reversing  they  »» 

°T5£  3 first  assume  that  * 

a—hrfHi- election* 
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ELECTRONIC  AC  VOLTMETER 

with  Logarithmic  Scale 


ACCESSORIES 

MODEL  220  DECADE  AMPLIFIER 
MODEL  402  MULTIPLIER 


Since  its  development  in  1933  the  Iiallnntine 
Electronic  AC  Voltmeter  is  the  only  instrumen  t of 
its  kind  tcith  a Simplified  logarithmic  Scale. 

The  important  feature  of  logarithmic  scale  in- 
dication in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1 as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi- 
range  instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2 % specified  tolerance  over 
the  complete  range  of  operation. 
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generator  across  coil  A is  operating 
and  that  the  generator  across  coil 
B is  turned  off.  Under  these  con- 
ditions, the  same  situation  exists 
as  in  Fig.  2;  coil  A will  repel  coil 
B.  If  the  generator  connected 
across  coil  B is  then  used  to  supply 
current  that  is  out  of  phase  with 


MODEL  300 
ELECTRONIC 
VOLTMETER 


figure.  1 to  3 .how  Hi. 
itwps  In  analysing  lh»  openrtton  a a 
■•lays  Indicating 


the  induced  current,  enough  curren 
can  flow  in  coil  B to  cancel  the  in 
duced  current  and  the  coils  will  not 
repel  or  attract. 

If  the  generator  is  adjusted  to 
supply  coil  B with  more  current 
than  the  induced  current,  the  m- 
negtic  poles  of  coil  B will  he  re- 
versed and  the  coils  will  sttrac 
since  the  poles  of  coil  B will  t ™ 
be  reversed. 

Principles 

To  summarize  the  action 
three  important  conditions  exis  ■ 

1.  With  the  generator  supply® 
coil  A operating,  and  the  genera 
connected  across  coil  B on,  c01 
will  repel  coil  B. 

2.  With  both  generators  ope 
ing  and  the  generator  scros*  ., 
B supplying  sufficient  curre 
cancel  the  induced  curren 

B,  the  coils  will  not  repel  or  aur  _ 

3.  If  the  generator 
supplies  a larger  (out  o 
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FOR  THOSE  WHO  SEEK 


Ersin  Multicore  Solder  contains  3 cores  of  non-corrosive  Ersin  Flux  and 
provides  just  that  extra  rapidity  of  fluxing  action  which  ensures  a precision 
standard  of  consistently  reliable  solder  joints.  Only  3 independent  cores  of  flux, 
evenly  distributed  across  the  cross-section  of  the  solder  wire,  can  give  this  extra 
efficiency.  The  cost  of  an  individual  solder  joint  in  electronic  apparatus  is  so  little  and 
each  joint  so  vital  that  it  must  pay  you  to  buy  the  best  cored  solder — Ersin  Multicore. 


3 CORES  OF  ERSIN 
•'•JTHE  ACTIVE  NON- 
CORROSIVE  FLUX 

Ersin,  which  ft  contained  in  the  3 
cores  of  Multicore  Solder,  is  a pure 
high  grade  rosin  which  has  been 
subjected  to  a complex  chemical 
process  to  increase  its  fluxThg  action 
to  the  highest  degree  without  im- 
pairing the  well  knowrTnon-corro- 
sive  and  protective  properties  of 
the  original  rosin.  In  effect,  rosin 
as  a flux  suffices  only  as  an  agent  to 
avoid  oxidation  during  soldering, 
whereas  Ersin  will  not  only  remove 
surface  oxides,  but  also  prevent 
their  formation  during  the  solder- 
ing operation.  NO  extra  flux. is 
required.  The  flux  does  not  tend 
to  run  out  of  cores,  so  there  is 
always  a supply  available  for  the- 
next  joint.  The  utmost  economy 
of  flux  and  solder  is  achieved. 
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ALLOYS 

Pi*e  standard  antimony  free  alloys 
are  available.  Ersin  Multicore 
Solder  is  supplied  in  bulk  quanti- 
ties in  any  other  tin-lead  alloy  to 
special  order.  Recently  4S  tin  and 
SS  lead  alloy  has  been  in  most 
demand  for  electronic  equipment. 
Colour  coding  of  reels  and  pack- 
ages makes  different  alloys  instantly 
recognisable. 

GAUGES 

Ersin  Multicore  Solder  is  made  in 
a wide  range  of  gauges.  Standard 
gauges  supplied  are  from  10 
S.W.G.  • 22  S.W.G.  (128'- -028") 
(3-25 1 - -7109  m/ms)  13  S.W.G. 
( 092".  2*336  m/ms)  and  16  S.W.G. 
(-064",  1.625  m/ms)  are  the  most 
widely  used  sizes  for  the  produc- 
tion of  electronic  equipment. 


ERSIN  MULTICORE 
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MULTICORE  SOLDERS  LTD. 

SUITE  S,  COMMONWEALTH  HOUSE,  NEW  OXFORD  STREET,  LONDON,  W.C.I,  ENGLAND 

Telephone:  CHANCERY  5171/2.  tables:  DUSTICKON.  WESTCENT.  LONDON 


U.S.A.  DISTRIBUTORS : 

BRITISH  INDUSTRIES  SALES  CORPORATION 

401  SR0ADWAY,  NEW  YORK.  M.Y.U 


CANADIAN  DISTRIBUTORS: 

SNI-D0R  RADI0LECTRIC  LTD., 
455  CRAIG  ST.  WEST,  MONTREAL 
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a harper  is  laughed  at  who  plays 
always  on  the  same  string  .. 


. ...  so,  it  has  been  our  practice  through 
these  50  years  of  mica  manufacturing,  to 
grade  qualities  to  requirements,  to  adjust 
capacities  to  demands  and  to  shape  forms 
to  assemblies.  It  is  satisfying  to  enjoy  the 
confidence  of  exacting  technicians. 


* 

When  you  think  of  MICA  think  of  MACALLEN 


16  MACALLEN  STREET 


CHICAGO:  565  W.  W»,hln«t»n  Bl.d. 


the  Macallen  Company 


- BOSTON  27 

CLCVILANOi  1505  Outer  Bide. 
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SELSYN  SYSTEM 


current  than  the  induced  current, 
the  coils  will  attract. 

While  in  actual  construction 
selsyn  motors  are  of  multi-stator 
winding  design,  for  purposes  of  ex- 
planation one-,  two-,  and  three- 
stator  windings  will  be  used. 

In  Fig.  4,  rotors  if,  and  fi,  are 
connected  in  parallel  across  a source 
of  a-c.  Stators  S,  and  S,  are  con- 
nected in  parallel.  In  the  neutral 
position  as  shown,  the  coupling  be- 


TRANSMITTER 

RECEIVER  | 
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FIG.  4 — Worn  ine  coup™*  - 
currants  Induced  In  S,  ond  S,  nine* 

tween  is  equal  to  that  between 
&-S*  hence  the  induced  voltage 
across  S,  and  S.  will  be  equal.  Suite 
S,  and  S,  are  connected  in  ph» 
opposition  the  induced  currents  mu 
cancel,  hence  there  is  no  attraction 
or  repulsion.  In  Fig.  5,  the  transmit- 
ter rotor  R,  has  been  turned  dodt- 
wise  about  45  degrees,  the  coup- 
ling between  S>-A  is  now  tig 
than  S,-R„  thus  the  induced  voWP 
across  S.  is  now  greater  than  acnw 
S„  Current  will  now  flow  from  * 
to  S,.  This  current  flow  is  due  » 
induced  current,  (A  to  S,),  ^ 


nG.  5— Turning  rotor  5, 

higher  roltage  acroaa  S,  Hx® 

ci  cct«0NICS 
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INDUSTRIAL  TRANSFORMER  CORP. 

2540  BELMONT  AVENUE  NEW  YORK,  N.  Y. 
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CRL  81 

Write  Dept.  E.L  for  comprehensive 
catalogue  " Selectronic  Crystals"  and 
facilities  booklet  " Crystalab  Solves 
a Problem". 


MclAsj  s/J 


PRECISION  BEAT 
FREQUENCY  CRYSTALS 

This  combination  of  two  low 
frequency  low  drift  crystals  oper- 
ating in  a balanced  oscillating 
circuit  can  be  paired  to  give 
any  value  beat  note,  (difference 
frequency).  Over  ordinary  com- 
mercial temperature  ranges  25°C 
to  65°C,  frequency  precision  in 
the  beat  note  of  twenty  parts  in 
a million  is  attained.  . . . greater 
precision  with  oven  control. 

By  using  high  frequency  cry- 
stals in  the  same  method  similar 
results  can  be  obtained. 
Whatever  your  crystal  problem 
. . . call  in  a Crystalab  engineer. 


6 CRYSTAL  RESEARCH  LABORATORIES 


I N C O R 


O H A T C O 


LABORATORIES  ANO  MAIN  OffICf.  71  AILYN  STREET  HARTFORD  3.  CONN 


N t • Tail  Office  IS  E 7IIK  Sir  eel  New  Y o.r  A 18,  N Y.  Phoar  M u S-7IS7 


175  VARICK  ST.  ■ NEW  YORK  14,  N.  Y. 


Since  1936,  we  of  the  Pyroferric  Company 
have  devoted  ourselves  exclusively  to  the  art 
of  manufacturing  powdered  metal  cores  . . . 
at  no  time  have  we  been  affiliated  with  other 
enterprises  such  as  radio  set  manufacturing, 
coil  winding,  etc. 

Today  our  policy  is  the  same  as  always;  to 
manufacture  the  best  of  our  unique  type  of 
product  and  to  serve  all  of  the  radio  business 
without  preference  or  partiality. 

PYROFERRIC  means  specification  powdered 
metal  cores. 


YROFERRIC 
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SELYSN  SYSTEM  (untliMdl 


S-,  will  repel  ft^  Since  S,  is  station- 
ary and  ft,  is  free  to  move,  rotor 

R,  will  turn  until  the  voltages  across 

S, -S,  are  equal  (same  degree  of 
coupling),  thus  R,  will  rotate  45 
degrees. 

Neutral  Position 

Referring  next  to  Fig.  6,  rotors 
ft,  and  ft.  are  coupled  with  stators 
S„  S„  S,  and  S.  in  neutral  position 
as  shown;  the  degree  of  coupling 
between  R.-S,  and  R.-S,  are  equal 
and  the  coupling  between  R,-Si  and 
RrS,  are  also  equal.  The  degree  of 
coupling  of  ft,-S.  and  R.-S,  is  less 


an  R.-S,  and  ft.-S„  hence  the  in- 
ced  voltages  across  S,-S,  wU  . 
,s  than  across  S,-S„  however,  it 
e neutral  position  as  shown 
g.  6,  the  voltages  across 
ual  and  opposite,  likewise  t 
iltages  across  S,  and  S,  are  eq 
id  opposite  even  though 
nee  the  voltages  across  the  respa 
ve  stators  cancel,  no  movement 
itor  ft.  takes  place. 

In  Fig.  7,  transmitter  roto  ■ 
» been  displaced  45  degrees,  the 
mpling  between  fo-S,  13 
ghter  than  ft,-S,  hence  curre 
ill  flow  from  & to  S,  As  this ^ 
•nt  flow  is  due  to  induced 
•om  ft.  to  S.,  stator  S,  will 
itor  R,  The  coupling  be‘w^“  ^ 

tighter  than  the  coupling  ' 

ie  voltage  across  S, is  gre®  wjU 
:ross  S..  Current  t ere 
ow  from  S , to  S,.  7 
cross  the  rotors  are  out  of^ 
nd  the  current  from  & ■ 

ominate  as  it  is  of  grea 

ude.  Rotor  ft,  will  now  bea  t ^ 

y statorS..  In  the  position 
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CERAMIC  M-244 

do»i  not  track 


POtS  HOT  CRACK  I Heated  to  1400'  F.  and  then 
plunged,  instantly  Into  Ice  water.  Material  M-244  comes 
through  without  a crack. 

DIMENSIONAL  STABILITY  Of  INVAR!  The  low  thermal  expansion  coefficient  of  this 
developed  General  Ceramics  product  Is  Within  the  same  range  as  thatof  Invar. 

These  unusual  properties  of  M-244  suggest  its  use  in  high1  Temperature  furnaces,  high 
frequency  induction  heating  units,  thermo-couple  Insulation,  and  as  Insulation 
in  vacuum  tubes  . . . for  scores  of  other  uses  where  thermal  shock 
•»  o factor  . . . where  dimensional  changes  of  insulation  due 
to  heat  changes  must  be  absolutely  mlnimlxed. 

The  adaptability  of  M-244  Ceramic  to  widely  varied  uses  is  further 
evident  in  the  fact  that  ft  can  be  supplied  In  any  form 
that  may  be  Imparted  by  pressing,  extruding  or  casting. 

information  available.  General  Ceramics 

«tnd  Steatite  Corporation  offers  the  services  of 
•*»  design,  engineering  and  research  staffs  to  help 
industry  explore  and  exploit  the  vast 
Potentialities  of  versatile  M-244. 

Write  for  technical  data. 
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CARDWELL  skill  and  facilities 

responsible  for  this  Spetial  Order 
Equipment  are  available  for  design  and 
production  problems 


THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORP 

MAIN  OFFICE:  81  PROSPECT  STREET,  BROOKLYN  1,  N.  Y. 

FACTORIES:  PLAINVILLE,  CONN.—  BROOKLYN,  N.  Y. 
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RECEIVER 


TRANSMITTER 


fig.  7— Turning  R, 


rotate 


in  Fig.  7,  stator  Sa  will  repel  m 
K,  and  stator  S.  will  attract  rot 
R,  since  the  current  from  S,  b 
reversed  the  original  poles  of  S, 
In  Fig.  8,  three  stators  are  ^no- 
displaced  120  degrees  on  each  mote 
In  actual  construction,  mterw-i 
multiple  poles  are  used.  Them 
degree  of  coupling  exists  betu 
and  R,-S„  RrS>  and  • 
RrS.  and  RrS,  Since  the  MM 
across  the  respectively  co 
stators  are  equal  and  opposite.' 
system  is  in  neutral  pos't'°n- 

Multiple  Stators 
In  Fig.  9,  transmitter  rotor 
has  been  displaced  45 i degrees 
external  means.  Coupling 

R, -S..  is  now  tighter  than  h 
thus  current  will  flow  from  * 

S,  because  the  v0,t**®  • 

across  This  current  flow  n 


Rack  Mounted  Heterodyne  Frequency  Meier, 
Type  221  — Complete  with  A.C.  power  sup- 
ply; ranges:  125  kc.  to  20,000  kc. 


Similar  Frequency  Meter  in  Port- 
able Case  — Battery  operated  (or 
A.C.  power  supply  can  be  substi- 
tuted) ; ranges  of  various  Army  or 
Navy  Frequency  Meters: 

Type  221  125  kc.  to  20  Me. 

Type  173  90  Me.  to  450  Me. 

[Type  174  20 Me.  to  250  Me. 

kTvpc  175  85  Me.  to  1000  Me. 


These  are  instruments  of  accuracy  and  precision  as  manufactured 
for  government  service  by  the  makers  of  Cardwell  variable  and  fixed 
air  capacitors,  which  have  long  been  a “Standard  of  Comparison  . 


The  Cardwell  engineering  and  manufacturing  personnel  and  facili- 
ties, so  skillfully  employed  on  this  equipment,  are  available  foT  any 
production  or  design  problem  in  the  field  of  electronics. 


transmitter 


Address  inquiries  to: 

DEP’T.  E,  CONTRACT  MANUFACTURING  DIVISION 


8 — Neutral 

statorf  in  each 
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. . . but  with  different  grid 
terminal  locations  to  aid 


• Here,  again,  Lewis  engineers  offer  wider  latitude  in 
equipment  design  through  the  development  of  these 
three  electrically  identical  high  frequency  transmitting 
triodes  . . . with  different  grid  terminal  locations.  If  you 
are  interested  in  these,  or  other  type  tubes  with  special 
design  features  applicable  to  your  equipment,  write,  wire 
or  phone  today. 


3C24  • 3C34  • 3C28 

HIGH  FREQUENCY  TRANSMITTING  TRIODES 

Filament Thoriated  Tungsten 

Voltage 6.3  ac  or  dc  volts 

Current  3.0  amps 

Amplification  factor 25 

Direct  Interelectrode  Capacitances: 

3C24  3C34  3C28 

Grid-Plate  ...  1.6  1.7  1.8  mmfds 

Grid-Filament  2.0  2.5  2.1  mmfds 

Plate -Filament  . 0.2  0.4  0.1  mmfds 

Class  "C"  R-F  Amplifier 
Frequency  Limits 


3C24  3C34  3C28 
60  60  1 00  mcs 

250  200  350  mcs 


Licensed  under  R.C.A.  Patents 


/am 


ECTR0 


THREE  HIGH  FREQUENCY 
TRANSMITTING  TRIODES 

ELECTRICALLY 
IDENTICAL 
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FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


SELSYN  SYSTEM 


(conlimred) 


will  flow  from  S,  to  S,  and,  since  this 
current  flow  is  due  to  induced  cur- 
rent (R,  to  S,),  stator  S,  will  also 
repel  rotor  R„  Coupling  between 
rotor  A',  and  stator  S,  is  tighter 
than  R,-S„  hence  the  voltage  across 
S,  is  higher  than  across  S„  Cur- 
rent will  therefore  flow  from  S,  to 


RECEIVER 


TRANSMITTER 


FIG.  9 — Stators  S.  and  S,  repel  rotor 
F,:  stator  S,  attract*  B, 


Better  Engineering 
Produces  Smoother 
Remote  Control 


s„  Since  the  currents  are  out  of 
phase,  the  largest  will  predominate 
and  current  from  S,  will  reverse  the 
poles  on  S.;  therefore  coil  S,  will 
attract  rotor  J?«.  Rotor  Ri  will  ro- 
tate 45  degrees  and  the  voltages 
across  the  respectively  connected 
stator  coils  will  again  be  equalized, 
the  induced  currents  will  cancel  re- 
turning the  system  to  a neutr^ 
position  with  equal  voltages  across 


0 Remote  controls  equipped  with 
Walker-Turner  Flexible  Shafting 
have  finger-touch  sensitivity.  There 
are  no  impulse  ''gaps",  "slow- 
downs" or  "jumps"  . . . because 
each  lay  of  wire  is  scientifically 
wound  around  a high  grade  steel 
music  wire  mandrel. 

In  Walker-Turner  Remote  Control 
Shafting  oxidation  is  minimized  by  a 
special  process  involving  a copper 
sulphate  bath — thus  insuring  long, 
trouble-free  service.  Whether  your 
products  require  flexible  shafting  for 
remote  control,  power  transmission, 
or  both,  you  can  always  count  on 
Walker-Turner  Flexible  Shafting  for 
the  high  quality  that  produces  high 
performance.  Write  for  our  latest 
catalog. 


RECEIVER 


TRANSMITTER 


WALKER-TURNER  COMPANY,  Inc 

. PLAINFIELD,  NEW  JERSEY  . 


FIG.  10— Wye  connection 
equivalent  to  Fig  9 

, • u.Ve  con* 

receiver  coils  are  shown  in  - 
nection  which  is  electrical ) ^ 

lent  to  Fig.  9.  The  reader 
have  no  trouble  solving  _ . ;;,n 

of  the  receiver  rotor  th 
degrees  of  rotation. 
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The  RADIART  VR-2  Midget  Vibrator  can  now 
be  produced  for  civilian  applications.  Will  this 
be  of  help  in  your  product?  Send  us  full  infor- 
mation as  to  your  requirements . . . our  engineer- 
ing department  will  fully  cooperate. 


SPECIFICATIONS 

Vibrate!  Frequency  . 185  CPS  - 10% 

Input  Voltage.  Nominal 6.0  V. 

Input  Voltage  Range  . . 4.5  to  7.5  V. 
Output  Voltage  . . 200  V.  D.C.  Max. 
Potential  Difference 
Between  Pr  fi  Sa  . . . . 25  V.  Max. 


Manufactured  by  makers  of  famous  RADIART  Rust  Proof  Aerials 


Radiart  Corporation 

3571  W.  62nd  STREET  • CLEVELAND  2.  OHIO 


Ogic, 

4ii  Crain  Si..  W..  Montreal.  Canada 


TUBES  AT  WORK 

Army  Target  Plane  Controlled  by  Radio  Transmitter 

Microwave  Radio  Relay  to  Replace  Telegraph  lines 

Tube  lor  SCR  270  Radar 

Drafting  Aids  to  Relay  Profiling. . . 

Measurement  Applications  of  the  Dynatron 


Army  Target  Plane  Controlled  by  Radio  Transmitter 


Radio-controlled  pilotless  planes 
have  been  used  by  the  Army  as  tar- 
gets for  aeri&l  gunnery  practice  by 
B-29  gunners  and  also  for  anti-air- 
craft practice  by  ground  forces. 

The  plane  is  controlled  from  the 
ground  by  a uhf  transmitter  that  is 
modulated  by  five  different  audio 
frequencies.  These  tones  are  se- 
lected by  a small  control  box  at  the 
transmitter  which  is  equipped  with 
a projecting  lever  to  simulate  the 
joy  stick  of  a plane.  Two  of  the  a-f 
signals  provide  rudder  control  and 
two  provide  elevator  control.  The 
fifth  frequency  centers  the  rudder 
and  releases  a parachute  when  de- 
sired by.  the  control  operator.  Only 
one  frequency  is  used  at  a time 


trol  the  elevators  and  rudder.  The 
elevator  and  rudder  servo  controls 
remain  in  effect  after  the  engine 
stops  and  the  parachute  is  released, 
providing  the  receiver  has  not  been 
damaged,  so  that  dead-stick  land- 
ings may  be  made  in  the  event  the 
parachute  attachments  are  shot 
away. 

Two  models  of  the  remotely  con- 
trolled planes  are  standard  equip- 
ment for  the  Army  Air  Forces.  One 
model,  the  OQ-3,  is  a high-wing 
monoplane,  9 feet  long,  having  a 
wing  span  of  12  feet  3 inches.  The 
plane  is  constructed  of  welded  steel 
tubing  covered  with  airplane  cloth 
and  weighs  100  pounds.  It  flies  at 
103  miles  an  hour  and  is  powered 


Radltxon trolled  target  airplane  model  OQ-14  on  Its  launching  catapult.  It  provides 
realism  for  student  gunners  by  simulating  flight  attitudes,  dives  and  evasive  action 
in  response  to  modulated  signals  from  a transmitter  on  the  ground 


and  when  none  is  being  transmitted  . 
the  parachute  release  frequency  is 
automatically  switched  on. 

Servo  System 

In  the  plane,  a radio  receiver 
and  a selector  circuit  translate  the 
signals  and  actuate  a servo  unit  to 
provide  mechanical  action  to  con- 

300 


by  an  8-horsepower  2-cylinder  gaso- 
line engine. 

A later  model,  the  OQ-14,  is  pow- 
ered by  a 22-horsepower  engine, 
flies  140  miles  per  hour  and  has  a 
wing  span  of  11  feet,  6 inches.  The 
planes  are  launched  from  a catapult 
driven  by  compressed  spring  coils 
or  rubber  cords.  They  fly  at  alti- 


tudes up  to  3000  feet  normally. 

Another  use  for  the  plane  was 
found  recently,  that  of  a training 
aid  for  students  of  radar  in  track- 
ing flying  objects  in  the  air  for  gun- 
nery practice.  In  addition,  the  Navy 
is  using  the  target  airplane  in  its 
training  for  automatic  weapons 
target  practice. 

The  first  models  developed  had  a 
telephone  dial  on  the  control  unit, 
used  a 3-hp  engine  with  counter- 
rotating props  to  counteract  torque, 
and  had  a tricycle  landing  gear. 
These  features  were  eliminated  in 
the  experimental  stages. 

The  target  planes  are  the  result 
of  eight  years  of  research  work  by 
Lt.  Col.  C.  O.  French,  Jr.  and  his 
staff  at  Air  Technical  Service  Com- 
mand Headquarters,  Wright  Field, 
Dayton,  Ohio.  They  are  manufac- 
tured by  Radioplane  Co.,  Van  Nuys, 
Calif,  and  Globe  Corporation,  Joliet, 
111. 


Microwave  Radio  Relay  to 
Replace  Telegraph  Lines 

Microwave  radio  relay  systems 
with  towers  about  30  miles  apart 
between  the  major  cities  of  the 
United  States  will  be  installed  dur- 
ing the  next  seven  years  by  West- 
ern Union  Telegraph  Company.  No 
lines  will  be  removed  from  the  pres- 
ent 2,300,000-mile  telegraph  net- 
work until  the  radio  system 
along  the  route  has  proved  satis- 
factory, government  approval  is  o 
tained  and  existing  contracts  per- 

A test  circuit  was  installed  be- 
tween New  York  and  Camden,  N-  >• 
early  this  year  by  engineers  o 
Radio  Corporation  of  America  w 
developed  the  system.  Since  Marc  . 
.this  circuit  has  been  used  by  e- 
ern  Union  on  an  experimental  has 
between  their  New  York  and  Phila- 
delphia offices. 


Multiple  Antennoi 

> illustration  shows  the  100-fi 
and  two  of  the  antennas  a 
f two  intermediate  relay  a 
used  between  New  Yor 
delphia.  These  are 
Bordentown,  N.  J-  ^ a , 
Run  near  New  Brunswu* 

The  stations  are  unattended 
..  .11.. 


Dttembor  1M5  - 
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WE  ARE  PLEASED  TO  ANNOUNCE 


We  are  pleased  to  announce  that  the  cable 
connectors,  pilot  light  assemblies,  tip  plugs 
and  tip  fecks,  former  Mallory-Yaxley 
products,  so  highly  regarded  by  the 
electronic  industry  for  many  years,  will  be 
manufactured  and  sold  in  tne  future  solely 
by  Johnson. 

The  wide  acceptance  and  unquestioned 
quality  of  these  products  make  them  fitting 
additions  to  the  Johnson  line  of  plugs,  jacks, 


inductors,  insulators,  variable  condensers 
and  ,tube  sockets.  i*«  , 

All  tools,  inventory  end  manufacturing 
rights  for  these  products  have  been  acquired 
from  P.  R.  Mallory  & Company,  Inc.  Orders 
should  specify  the  Mallory  catalog  numbers 
until  these  items  can  be  incorporated  in 
the  Johnson  catalog. 

Write  us,  if  you  have  a special  problem 

involving  any  of  these  items. 


Johnson  products  era  stockod  by  loading  radio-oloctronic  parts  jobbers,  I 


JOHNSON 


Write  for  General  Products  Catalog  968 

E-  F.  JOHNSON  COMPANY  • WASECA 


a famous  name  in  JQadio 


MINNESOTA 
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Aero  Switches 
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* The  illustrations  above  show  in  part  how  the 
construction  of  the  patented  ACRO  rolling  spring 
switch  lends  itself  to  adaptation  in  various 
shapes  to  fit  the  designs  of  your  units.  Varied 
multiple  mountings  and  small  case  shapes — 
rectangular  or  curved — can  be  furnished.  Oper- 
ating characteristics  in  a range  to  meet  your 
requirements.  Actuation  pressure  as  low  as  2 
grams  (using  leaf  bracket)  or  as  high  as  1 'A  lbs. 
Used  in  a wide  range  of  applications  such  as 
valve  controls,  coin-operated  machines,  micro- 
phones, electric  timers,  etc.  If  one  of  the  many 
ACRO  Model  “M”  designs  does  not  fit  your 
needs,  surely  one  of  the  other  ACRO  styles  can 
be  adapted.  Send  your  design  details  showing 
special  limitations  and  operating  features  for 
^ quicker  reply. 
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MICROWAVE  RELAY  lartMl 

square  enclosed  cabin.  Outside  the 
cabin  four  antennas  are  mounted  is 
parabolic  reflectors.  One  antenia 
on  the  east  side  of  the  tower  feeds 
the  East-to-West  receiver;  the  other 
is  supplied  by  the  West-to-Eut 
transmitter.  Two  other  antennas 
on  the  West  side  of  the  tower  ire 


$ 


. V 

/r 


Hr 


Four  parabolic  antennas  and  a «*• 
Tiri"«i"W  lb#  transmitting  and  tssnr 
big  oqaipment  am  “““T*  *** 
100-loot-  tawoi  lor  nss  in  tn» 

Union  radio  relay  systs* 

used  on-  the  West-to-East  reerfw 
and  the  -East-to-West  transmit* 
The  transmitters,  receiver*,  *■ 
modulators  and  modulator*  an 
housed  in  the  cabin.- 

The  transmitters  in  the  prmo 
system  put  out  about  one-tenth  of 
watt  However,  the  antennae  h» 
a power  gain  of  900  (so  thi 

equivalent  non-directive  power 
kilowatts) . This  provides  a W* 
mitter-antenna  to  receiver-an 
gain  of  810,000.  Operation  is*1"* 

conducted  on  a frequency  near 

000  megacycles  with  a useful  ^ 

width  of  150  kilocycles.  It  has 

estimated  that  this  is  suffioent^ 

270  multiplex  or  1080  »'«' 
graph  circuits.  It  could  P 
handle  at  least  25  ord‘"aJ. 
phone  circuits,  or  if  used 
quality  f-m  broadcast  serin  ( 
sibly  eight  channel  pre^ 
bandwidth  is  insufficient  W 
vision,  but  new  equipment 
power  may  be  available  s°°  jfin 
vide  the  necessary  6-mc  te 


now  used,  the 
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If  users  need  bases  like  this.. 
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•your  product  needs  Silentbloc  Vibration  Co 


THB  place  to  neutralize  the  effects  of 
vibration  is  on  vnur  design  hoards— 


h «•»  “ If,}* 


1 vibration  is  on  your  design  boards — 
not  on  your  customers*  factory  floors. 
Heavy  bases  and  makeshift  floor  mounts 
***  obsolete. 

In  modern  motors  and  equipment, 
vibration  control  is  made  an  integral  part 
of  product  design  through  the  use  of 
General  Silentbloc  Vibration  Mountings. 

_ Silentbloc  Mountings  offer  you  engi- 
newed  accuracy  in  solving  any  problem 
01 J1  oration  isolation,  noise  transmission 
a"<^°ck  load.  The  construction  of  these 
ra  ber-and-metal  mountings  permits  al- 
ost  infinite  variation  in  pwformance. 


High-speed  elongation  of  the  rubber  be- 
tween metal  sleeves  gives  an  indestructi- 
ble mechanical  bond,  even  stress  and 
more  exact  control. 

Silentbloc  vibration  control  is  adapt- 
able to  products  of  every  type.  Mountings 
can  be  made  of  any  metal  and  rubber, 
in  any  size  to  carry  loads  of  ounces  to 
tons.  General  engineers  can  help  you 
design  Silentbloc  Mountings  for  your 
specific  needs. 

For  full  information,  write  for  book- 
let, or  see  Silentbloc  Section  in  Sweet’s 
Product  Designers  File.  The  General  Tire 
& Rubber  Co.,  Dept.  194,  Wabash,  Ind. 


Patented  Silentbloc  principle 
of  elongating  and  confining 
rubber  between  metal  mem- 
bers producesa  virtually  inde" 
structibel  adhesion  and  uni- 
form stress,  resulting  in  precise 
performance  and  long  life. 


gener; 

SILENTBI 


Mechanical  Goods  Division,  Wabash, 

GENERAL  TIRE  ft  I 


MOUNTINGS  . . . BE  AR 1 1- 
COUPLINGS 


* hp?TRONI 


.Makers  of  Americans  Top-Quality  Tire 
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a total  of  40  telegraph  channels,  one 
two-way  phone  channel,  and  one 
two-way  facsimile  channel.  Fre- 
quency modulation  is  used  and  each 
telegraph  signal  goes  out  as  two 
frequencies ; one  is  a marking  im- 
pulse and  the  other  a spacing  pulse 
to  the  receiving  printer.  A 70  cycle 
swing  of  signals  spaced  300  cycles 
apart  is  involved. 

Progress 

In  its  six  months  operation  to 
date,  the  radio  relay  circuit  bis 
performed  so  well  that  Westers 
Union  has  filed  an  application  with 


WILLOR 

STAMPINGS 

A modern  plant, 
including  designing, 
Tool  and  Die  mak- 
ing — automatic 
stamping  — machin- 
ing — welding  — 
assembling  — spray- 
ing— large  or 
small  production 
runs  — special 
custom  built  prod- 
ucts, at  low  cost. 

A Service  . . . 
Complete  from 
Design  to 
Finished  Product 


the  FCC  for  permission  to  ins 
equipment  of  a similar  tyP® 
New  York  to  Pittsburgh, 
burgh  to  Washington,  Wash®? 
to  New  York,  and  New  York  t 
Philadelphia.  Its  establishmen 
time  will  permit  the  rerno 

about  2500  miles  of  pole 
gome  54,000  miles  of  w-** 
miles  of  aerial  and  undergo 

Besides  terminal  equl^")  £ 
the  four  cities,  21  intermedrate^ 
lay  stations  in  towers  ^ ^ 
tains  ranging  from  1 Th( 

apart  would  be  construct*. 

tfcese  have  been  *4 


is  your 

definite  assurance 
of  SKILL  and 
ACCURACY  for 
PERFORMANCE. 


If  your  product  is  in 
the  development 
stage  or  finished  blue- 
print, write  WILLOR 
for  quotations. 

You  will  find  our 
plant  is  prepared  to 
produce  to  meet 
your  needs. 


Our  large  assortment  of  stock  dies  may  tit  your 
requirements  and  result  in  real  savings  for  you. 


WILLOR4 
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Tube  for  SCR 

Cooperative  activit 
Army  Signal  Corps 
house  Electric  Corp. 
special  radar  tube 


794  B EAST  140th  STREET,  NEW  YORK  54,  N.  Y. 
MELROSE  5-6085 

OVER  40  YEARS  OF  EXPERIENCE 
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CONNECTICUT  TELEPHONE  & ELECTRIC  DIVISION 

GREAT  AMERICAN  INDUSTRIES,  INC.  • MERIDEN,  CONN. 

„ pnl IIPMENT  • ELECTRONIC  DEVICES  • ELECTRICAL  EQUIPMENT 

' "»  SYSTEMS  . .ONITION  SVSTEMS 


CATHODE  RAY  SCREEN  TESTER 

Tests  a telephone  or  radio  headset  for  response 
over  the  entire  range  of  audible  sound  in  a matter 
of  seconds,  and  charts  the  results  on  a television- 
type  screen.  Developed  for  our  own  use  by  our 
own  people,  this  instrument  has  been  a priceless 
aid  in  maintaining  high  quality  and  quantity  in  war 
production  for  the  U.  S.  Signal  Corps  and  Air  Corps. 


KNOW-HOW  BEGINS  AT  HOME 


Special  tools,  ingenious  manufacturing  devices, 
and  elaborate  test  equipment  which  makes  delicate 
measurements  almost  as  easy  as  telling  the  time . . . 
these  things  seem  to  interest  our  visitors  particularly. 
We  are  always  proud  to  point  out  that  most  of  these 
aids  to  swift,  precise  production  were  developed  by 
our  own  men  and  women. 

There's  a world  of  skill  and  experience  at  Con- 


necticut Telephone  Sc  Electric  Division  . . bom  of 
nearly  fifty  years  of  practice  and  progress.  This  know- 
how isn’t  confined  to  our  engineering  departments, 
either.  Some  of  our  most  useful  suggestions  come 
straight  from  the  production  lines. 

Purchasers  of  C.  T.  Sc  E.  products  benefit  from 
this  skill  and  ingenuity  ...  in  better,  more  advanced 
devices,  produced  faster,  for  less. 
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"Tru  Tolerance'  RESISTORS 

are  "Tops"  with  Manufacturers  of 
Instruments , Radio , Electronic  Equipment 


jhetj  're  Triple  Improve*/ 


ACETATE  LABEL 

Tougher,  cleaner,  more  durable 
covering,  Profit! j winding  from 
mechanical  handling.  Prsventi 
lugs  from,  piercing  label.  Af- 
fords fungus  protection  to 
winding. 


Nob  Hygroscopic  Cononk  Forms* 

High  . insulating  value,  low  expansion 
coefficient,  high  mechanical  strength. 

Highest  Grade  ARoy  Wire: 

£sf-»cial]y  snamslad  to  meat  moat  rigid 


Extra  Terminal  Protection: 

Log  typa  winding  lead,  and  log  ambaddad 
ana  moldad  into  one  unit.  Lead  wire  type 
■ecurely  anchored  in  groovaa  with  winding 
wire  protected  ao  aa  to  prevent  poaaible 
breaking  in  handling. 


w 

GXT  THE  WIPCO  RESISTOR 
GUJDK.  IT'S  FRXB  Shows  all  Hepoo 
standard  stow  sad  gtraa  compUtt 
data  as  to  olactrical  and  mechanical 

oharsnferisHre. 

E 

Mad  boa  Electrical  Prod  acts  Carp. 
Madltoa  Now  Jersey 

position 

an r.*.,. 

MADISON  ELECTRICAL 
PRODUCTS  CORPORATION 

MADISON,  NEW  JERSEY 

Precision  ResMort  . THormocowpfss 
Voltpotor  MuHfpIlors 
Electronic  Spedoltiei 


CDAR  TUBE  (continued) 

accompanying  illustrations.  It  was 
used  in  long-range  detection  sets, 
one  of  which  revealed  the  impend- 
ing attack  on  Pearl  Harbor  and 
another  guarded  the  Panama  Canal 
a year  before. 

Of  revolutionary  design,  the  tube 
produced  ten  times  the  power  of 
uhf  tubes  previously  built  and  in- 


Tree  Tolerance  Precision  Resistors: 

Standard  tolerance  1%.  Special  tolerances 
down  to  0.10%  on  special  orders. 

Severs  Breakdown  Test 

for  .very  unit  Rejections  minimised  by 
■pedal  winding  technique  which  prevent! 
chafing  ad  wire. 

Careful  Calibration 

end  precision  winding  keep  ell  units  well 
within  specified  tolerances. 

Send  us  your  requirements  on  spedal 
resistors  for  quotation. 


Finished  example  oi  iype  WL  530  radar 
tube.  This  unit  served  in  the  iaroooi 
SCR  270  which  detected  the  approach 
inq  Japanese  attackers  ol  Pearl  Harbor 
Production  ol  copper  lo-qlass  seal  war 
one  ol  the  dillicult  parts  in  deTelopanol 
ol  the  WL  530  radar  lube.  Hsrt  a 
worker  in  the  Fairmont.  W.  Va«  picul 
oi  Weitinghouse  molds  the  anode  isal 
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volved  manufacturing  problems  » 
first  regarded  as  insurmoun  • 
Besides  geometrical  and  pW 
characteristics  departing  re  1 
from  known  techniques,  t e 
called  for  extremely  difficult 
per-to-glass  feather-edge  8 
momentary  peak  currents  w i 

Aether  ELECTRONICS 
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CHRONOVOX 


Know  these  Facts 
about  Chronovox! 

• The  cost  of  discs  is  eliminated! 

• The  steel  tape  is  permanent 
. . . indestructible! 

• Recordings  are  erased  at  will! 

• Surface  noise  lower  than  any 
other  method  of  recording! 

• Recordings  reproduce  indefi- 
nitely with  less  than  3DB 
attenuation! 

• It's  a complete,  self-con- 
tained unit! 

• Plugs  in  any  110  volt  AC 
source! 

• For  a permanent  record, 
"dub"  from  the  final— perfect 
—Chronovox  impression  to 
your  disc  recorder! 

01  e***±zj£-?*  X 
£J  \ 

Mu******'  i 
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Yes,  memos  like  this  one  are  being  written  daily.  Radio 
executives  KNOW  that  Chronovox  will  solve  many  of  their 
recording  problems.  The  RDR  Chronovox  is  a precision 
instrument  employing  an  improved  method  of  recording 
sound  on  an  indestructible  steel  tape.  Recordings  are  made 
magnetically  not  physically— and  the  Chronovox  will  repeat 
the  last  recording  indefinitely  or  until  a new  one  is  made. 

FOB  MORE  INFORMATION  - CONTACT! 

RADIO  DEVELOPMENT  & RESEARCH  CORP. 

233  WEST  54TH  STREET  NEW  YORK  19,  N.  Y. 

AFFILIATE:  TRANSFORMER  PRODUCTS,  INC.  MIAMI:  SALES -SERVICE 

143  W.  51st  Street,  N.  Y.  C.  1415  N-  6 2"d  Av« ' Fla- 
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RADAR  TUBE 
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. . . SINCE  1928 


• Specialization  invariably  results  in  better  functioning. 
For  over  17  years  we  have  concentrated  on  continuous, 
systematic  research  in  the  development  of  hot-cathode, 
gaseous-discharge  Rectifier  and  Control  Rectifier  Tubes, 
which  would  satisfy  the  demand  for  power  tubes  of  out- 
standing reliability. 

• EL  Rectifier  Tubes  have  a unique,  tough  cathode  coat- 
ing, devised  to  withstand  the  particularly  heavy  ion  bom- 
bardment experienced  by  gas-filled  tubes  for  industrial 
use.  This  is  characteristic  of  the  many  details  of  design 
and  manufacture  which  result  in  rectifier  tubes  of  longer 
life,  with  the  ability  to  handle  short  circuits  and  momem- 
tary  overloads  in  the  critical  interval  that  occurs  before 
the  fuse  is  cleared. 

• EL  Rectifier  Tubes  have  met  with  widespread  accept- 
ance, not  only  by  industry  but  for  Government  use,  a« 
evidenced  by  the  fact  that  several  of  our  Rectifier  Tubes 
are  on  the  Army-Navy  Preferred  List.  We  invite  you  to 
contact  us  regarding  your  Rectifier  and  Control  Rectifier 
Tube  requirements  and  suggest  that  you  . . . 

Write  hr  Descriptive  Literature 

ELECTRONS,  INCORPORATED 


127  SUSSEX  AVENUE 


NEWARK  4,  N.  J. 


TUBES 
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raanded  a specially-treated  tung- 
sten filament  able  to  withstand  five 
times  the  voltages  believed  possible. 

The  project  was  taken  over  by 
Westinghouse  electronic  engineer 
Ilia  E.  Mouromtseff,  who  had,  back 
in  1983,  done  line-of-sight  trans- 
mission work  which  led  to  the  de- 
tection of  automobiles  passing  by 
on  the  highway  outside  the  East 
Pittsburgh  plant  of  the  company. 
Tubes  of  similar  construction  are 
expected  to  contribute  to  the  future 
advancement  of  f-m  and  television 
equipment. 


Drafting  Aids  to  Relay 
Profiling 

By  F.  J.  Bingley 

Chief  Television  Engineer 
Philco  Radio  t Television  Corf. 
Philadelphia,  Pa. 

Profiling  of  the  terrain  along  the 
line-of-sight  television  path  re- 
cently built  between  Washington 
and  Philadelphia  (See  Electron- 
ics, Oct  1946)  was  necessary  be- 
cause it  was  desired  to  obtain  at 
least  100  feet  of  ground  clearance 
at  all  points  on  the  transmission 
path.  This  clearance  was  to  be  pro- 
vided by  the  use  of  two  100-foot  an- 
tenna towers,  one  for  receiving  and 
the  other  for  transmitting  televi- 
sion signals  at  each  relay  site  se- 
lected. . , 

After  a study  of  U.  S.  Coast  and 
Geodetic  Survey  maps,  four  tenta- 
tive hilltop  sites  for  relay  stations 
were  chosen.  Then  a device,  whicb 
has  been  named  the  Contourograpb, 
was  used  to  prepare  profiles  of  tne 
ground  contour  between  each  pair 
of  sites  to  learn  the  exact  groimd 
clearance  along  each  section  o 
proposed  network.  . , 

The  instrument  is  shown  in 
accompanying  illustration.  M 
sists  of  a double-ended  T-sQo  ^ 
actually  an  H-square,  with  an  sd«“ 
cursor.  The  two  vertical  legs 
the  H are  used  to  marie  on  them  P 
the  two  end  points  of  a path 
is  to  be  profiled,  with  °»  W 
movable  to  permit  adjustments 
the  length  of  the  contour 
Distance  and  Elevation 

The  slider  which  is  moved 
the  horizontal  leg  of  the  H- 

is  graduated  in  feet  of  altitud  * 

an  arbitrary  scale.  Thus  as  >t 
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breeze 

serves  these  fields: 

• AVIATION 

• AUTOMOTIVE 

• COMMUNICATIONS 

• CONSTRUCTION 

• ELECTRONICS 

• GENERAL  MANU- 
FACTURING 

• PLASTICS 

• TRANSPORTATION 

_ and  many  others 


Through  diversified  manufactur- 
ing operations  covering  a period 
of  nearly  two  decades.  Breeze  has 
builtup  a vast  reservoir  of  skills  and 
facilities  which  now  may  be  tapped 
by  manufacturers  faced  with  recon- 
version problems.  Already  Breeze 
has  helped  two  producers  of  con- 
sumer goods  to  recapture  pre-war 
markets  . . , and  turn  a handsome 
profit  while  their  competitors  were 
still  trying  to  figure  out  what  to  do 
about  re-tooling  for  peacetime  pro- 
duction. And  in  the  same  manner 
that  it  has  helped  others.  Breeze 
may  be  able  to  help  you. 

Breeze  has  available,  on  a sub- 
contracting basis,  resources  of  ver- 
satile equipment  and  “know-how” 
ranging  from  the  planning,  engi- 
neering and  production  of  intricate 
electronic  devices  ...  to  the  manu- 
facture of  hardened  steel  parts. 

EUCTBAUire  si  . • 


During  the  war  years  these  re- 
sources enabled  Breeze  . . . 

...  To  solve  many  complex  problems 
jor  the  Armed  Forces  with  the  in- 
genuity born  of  19  years  of  experi- 
ence in  the  design  and  rAanufacture 
of  products  developed  to  meet  the 
exacting  requirements  of  the  avia- 
tion industry. 

...To  produce  in  vast  quantities  for 
war  such  precision  items  as  Breeze 
Radio  Ignition  Shielding,  Flexible 
Conduit  and  Fittings  for  aircraf ^au- 
tomotive, tank  and  marine  engines; 
Aircraft  Tab  Control  Mechanisms, 
Electrical  Connectors,  Flexible 
Shafting  and  Casing,  light-weight 
Armor  Plate  and  countless  other 
specialties. 

Today,  properly  applied,  the 
Breeze  processes,  equipment  and 
techniques  which  made  so  many 


important  contributions  to  Victory 
may  enable  you  to  get  goods  back 
on  the  marketmonths  ahead  of  your 
competition.  The  wide  variety  of 
services  Breeze  offers  are  described 
graphically  in  “Planning  for  Recon- 
version”. Send  for  your  free  copy  of 
this  interesting  booklet  today.  It 
may  suggest  a direct  adaptability  of 
Breeze  skills  and  facilities  to  your 
commercial  production  needs. 
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FLAT  Contacts 


reduce  noise,  prolong  service  life 


VARIATEN  contacts  and  brush 
surfaces  make  contact  over  their 
entire  area  because  the  contacts 
are  ground  flat  and  the  brushes 
stone-lapped,  not  buffed.  Buff- 
ing produces  rounded  surfaces 
and  therefore  a "point"  contact 
highly  susceptible  to  noise.  Vari- 
aten  brushes  move  from  one 
contact  to  the  next  without  rock- 
ing motion.  The  resulting  per- 
pendicular spring  pressure  at  all 
positions  allows  us  to  take  ad- 
vantage of  the  natural  resiliency 
of  metals  to  provide  a com- 
pletely flat  contact  over  the  en- 
tire brush  surface  at  all  times 
and  so  redtice  noise  and  length- 
en service  life. 

No  carbon  resistors  ore  used  in 
any  Variaten  Mixer... 

All  are  of  stable,  wire-wound 
construction.  Most  are  step  type. 
Where  quiet  operation  is  the 
major  consideration,  we  recom- 
mend ladder  type  mixers  because 
the  circuit  requires  only  one  con- 
tact brush  operation  on  the  input 
side  of  the  circuit  and  any  pos- 
sible brush  noise  is  therefore  at- 
tenuated along  with  the  signal. 

By  all  means  compare  circuits, 
construction  and  features  of 
these  mixers.  From  the  hundreds 
of  Variate®  attenuators  you  may 
select  the  attenuators  best  adapt- 
ed to  your  specific  Heeds.  Write 
for  the  Variaten  Catalog  today. 


CINEMA  ENGINEERING  CO. 

Established  1935  • Burbank  * California 


VARIATEN  #1218 

"T"  Orcuit-lVi  db  per  Hep;  30  lo  600 
ebms  impedance.  Price,  F.O.B.. .$17.30 


VAR/ATEN  #1156 

Ladder  Circuit— 1 Vi  db  per  step;  30  to  600 
ohms  impedance.  Price,  F.O.B..  .$12.30 


VARIATEN  HI  3 84 

Ladder  Circuit— 2Vsdb  per  step;  30  to  600 
ohms  impedance.  Price,  F.O.B. . . it. 30 
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moved  along  the  route  between  re- 
lay sites,  the  altitudes  are  read  from 
the  contour  line  intersections  on 
the  map  and  transferred  directly 
as  points  to  a sheet  of  paper  placed 
above  the  map  and  between  the  ends 
of  the  H-square  as  shown.  A series 
of  points  are  plotted  on  this  paper, 
and  then  connected  to  provide  a 
profile  of  the  ground  contour  be- 
tween proposed  relaying  stations. 
Distances  between  transmitting 
sites  are  represented  horizontally 
on  this  profile,  while  the  ground  ele- 
vation is  shown  by  vertical  distance 
from  the  base  line. 

Besides  time  saving,  a second  ad-, 
vantage  of  the  Contourograph  is 
that  it  greatly  reduces  the  chances 
for  error  in  locating  profile  points. 

Additional  Template 

Since  the  curvature  of  the  earth’s 
surface  is  another  factor  important 
in  profiling  for  line-of-sight  televi- 
sion transmission  it  has  been  neces- 
sary to  use  an  auxiliary  piece  of 
equipment.  This  is  a curved  tem- 


charts  lor  Un*ot-«vl>>  "W 
,r.  plotted  'rfth 


i 


,te,  cut  on  a scale  correspond^ 

the  altitude  scale  of ; the 
irograph  cursor,  with  its  ^ 
curvature  represen  i 
re rse  of  the  earth  s cu  ^ 
is  template  is  P1*^  . ^ 
rved  edge  passed  through  »• 
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Transmitters 


Speech  Equipment 


PLACE 


YOUR  ORDER  NOW 


This  REL  broadcasting  squipment  can  now  bo  ordered  ...  to  meet  or 
exceed  present  FCC  requirements.*  Entirely  new  . . . with  Important  design 
advancements. 

With  the  new  Armstrong  Modulator  . . . providing  simple,  stable  . . . even 
more  efficient  performance  than  ever  before! 


Power  Output 

Cat.  No. 

250  watt 

549A-DL 

1.000  watt 

518A-DL 

3.000  watt 

519A-DL 

10.000  watt 

520A-DL 

Cat. 

603 —  Studio  Speech  Console,  Table  type.  6 Position 

604—  Station  Speech  Console.  Table  type,  combined  with  Cat.  600  Monitor 
and  transmitter  desk  control 


vOl« 

Monitoring  Equipment  e00—FM  Station  Frequency  and  Modulation  Monitor 

Wire  or  write  today  for  technical  data,  prices  and  delivery  . . . ox  better 
yet  ...  do  as  other  broadcasters  have  already  done — send  your  order, 
subject  to  later  confirmation,  thus  assuring  early  delivery. 


•REL  FM  equipment  guaranteed  to  meet  or  better  the  FCC  standards  of  Good 
engineering  practice  for  FM  Broadcast  stations. 


SALES  REPRESENTATIVES 

MICHIGAN  MIDWEST 

M.  N.  Duffy  ft  Co..  Inc.  REL  Equipment  Sales.lnc.  N.  B.  Neely  Enterprises 
2040  Grand  River  Ave.,W.  *12  N.  Michigan  Blvd.  7422  Melrose  Avenue 

Detroit,  Mich.,  Chicago,  III.  Hollywood  4*.  Collf. 


Pioneer  Manufacturers  of  FM  Transmitters  Employing  Armstrong 
Phase-Shift  Modulation 


RADIO  ENGINEERING  EARS.,  INC. 

AjJZzru/  N.Y.  j 
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A NEW  104  db  GAIN 

'pont*^ 

AMPLIFIER— 15  WATTS 


• V V V 


The  new  Altec  Lansing  A-323 
portable  amplifier  is  specifically 
engineered  to  operate  ade- 
quately from  fow  level  phono- 
graph pick-ups,  microphones  or 
radio  tuners.  Up  to  its  rated 
power,  it  reproduces  high  qual- 
ity sound  over  the  full  frequency 
range  without  overload  or  dis- 
tortion. It  is  a small,  compact, 
6-tube  portable  amplifier  espe- 
cially designed  and  manufac- 
tured to  efficiently  operate  with 
the  Duplex  Speaker,  public  ad- 
dress systems,  home  radio  re- 
ceiving sets  and  other  applica- 
tions where  high  quality,  low  cost 
amplification  is  desired. 


*118 


00 


WITH  INPUT  TRANSFORMER 

$15800 

AT  ALL  LEADING  DIALERS 
OR  SIND  TOUR  ORDER  TO 


1210  TAFT  BIDG..  1 'WOOD  28,  CAUF. 
250  WEST  57*  W YORK  19,  N.  y. 

camajt  n ELECTRIC  CO. 


RELAY  PROFILING 


(continued) 


end  points  of  the  profile,  and  a 
curve  is  traced  on  the  paper.  If 
desired,  an  allowance  can  be  made 
in  this  template  for  the  refraction 
of  television  waves  by  the  earth’s 
atmosphere — usually  accomplished 
by  using  as  a base  figure  4/3  the 
actual  radius  of  the  earth.  How- 
ever, by  using  the  actual  radius 
for  this  system,  Philco  was  conserv- 
ative in  the  matter  of  clearance  on 
the  profile  drawing. 

To  make  an  instrument  capable 
of  simultaneously  providing  alti- 
tudes for  profile  points  and  curva- 
ture corresponding  to  the  earth’s, 
it  is  merely  necessary  to  modify  the 
Contourograph  by  making  the  up- 
per edge  of  the  horizontal  leg 
curved  to  represent  the  earth’s 
curvature.  The  cursor  travels  along 
this  curved  surface.  Then  both  op- 
erations are  combined  into  one  sim- 
ple plotting  process. 

• • • 

Measurement  Applications 
of  the  Dynatron 

By  Wayne  M.  Ross 
Wallace , Idaho 

The  dynatron  oscillator  is  a very 
interesting  and  useful  circuit  that 
1 seems  to  have  been  overlooked  by 
many  research  and  service  engi- 
i neers.  As  is  commonly  known,  the 
operation  of  this  type  of  oscillator 
results  from  secondary  emission  in 
J certain  types  of  tetrodes  or  screen 
l grid  tubes  having  no  suppressor 
grid,  notably  the  old  24A.  When  the 
j plate  voltage  is  less  than  that  of  the 
screen,  a large  amount  of  second- 
ary-emission current  flows  from 
I the  plate  to  the  screen  grid.  This 
j causes  the  plate  current  to  increase 
i as  the  plate  voltage  is  decreased 
I and  to  decrease  with  an  increase,  in 
plate  voltage,  thus,  in  effect  produc- 
\ ing  a negative  resistance.  If  a 
resonant  circuit  is  placed  across 
this  resistance  and  the  resistance 
made  sufficiently  negative  to  over- 
come the  losses  of  the  circuit,  it  will 
oscillate  with  no  other  form  of  re- 
action or  feed  back. 

As,  in  a resonant  circuit,  the 
greater  the  resistive  losses  the 
lower  is  the  dynamic  resistance,  so 
the  more  damped  circuit  will  re- 
quire a lower  negative  resistance  to 
produce  oscillations.  This  value  of 
negative  resistance  varies  consid- 
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Insulation  Material 
for  every  need 


...TMI  SWING  IS  TO  VARNISHED 
FIIEAGLAS*  CLOTH  FOR  ELECTRICAL 
INSULATION 

It’s  because  of  the  unique  combina- 
tion of  characteristics,  found  only  in 
Fiberglas,  so  many  electrical  engineers 
have  standardized  on  Fibergias-base 
Electrical  Insulation  Materials. 

THICKNESSES  OF  FIIERGIAS  CLOTH 

Fiberglas  Cloths  for  varnishing  are 
produced  in  thicknesses  from  .0015" 
to  .016"  permitting  a wide  variety 
of  base  cloths  for  various  varnished 
thicknesses.  Thickness  of  base  cloth 
and  finished  thickness  of  varnished 
doth  should  be  determined  by  space- 
factor,  dielectric  strength  and  mechan- 
ical requirements  of  the  particular 
application. 

VARNISHED  CLOTH  AND  TAPE 

Whenproperly  impregnated,  Fibergias- 
base  Insulation  material  has  exception- 
al dielectric  strength  and  insulation 
resistance.  In  addition  it  has  unusually 
Rood  moisture  and  temperature  resist- 
ance and  high  tensile  strength.  The 
strength-to-thinness  ratio  of  varnished 
Fiberglas  Cloth  is  unmatched. 

Varnished  Fiberglas  Cloth,  in  thick- 
nesses from  .003"  to  030",  is  used 
wherever  a high-dielectric  material 
with  good  mechanical  characteristics 


is  required  for  equipment  operating  in 
high  temperature,  under  adverse  oper- 
ating conditions,  or  where  a greater 
factor  of  safety  is  desired.  Typical 
applications  are:  phase  insulation  in 
a-c  motors;  high-dielectric  and  high- 
temperature  coil  insulation ; ground  in- 
sulation on  the  slot  sections  of  pre- 
formed coils;  layer  insulation  in  air- 
cooled transformers,  etc. 

PERMITS  USE  OF  THINNER  INSULATION 

Because  of  its  higher  dielectric 
strength  and  because  it  retains  its  me- 
chanical and  electrical  characteristics 
under  prolonged  exposure  to  adverse 
conditions,  thinner  varnished  Fiberglas 
Cloth  or  Tape  than  that  required  by 
the  use  of  other  materials  will  give 
equal  or  greater  insulation. 

Varying  degrees  of  flexibility  in  var- 
nished  Fiberglas  Cloth,  of  the  same 
finished  thickness  and  type  of  varnish, 
are  possible  by  varying  the  thickness 
of  the  Fiberglas  Cloth  used  as  the  base 
—yellow  or  black  varnish  treatment. 

COMPLETE  INFORMATION 

If  you  do  not  have  complete  informa- 
tion on  all  types  of  Fiberrias-^weEI^- 
trical  Insulation  Materials,  wTite  for 
Catalog  EL  44-7  today.  Oweru-Cormng 
Fiberglas  Corporation,  I860  Nicholas 
Building,  Toledo  1,  Ohio.  

In  Canajt,  Fiber, U,  Cnnndn  LU..  Olbm.  OnUrUt. 
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treated  and  untreated  Fiberglas 
rapes  in  various  widths  and  thick- 
lesses  are  used  in  winding  all  types 
»f  coils. 


Write  for  Catalog  E 44-7 

Each  distributor  of  Fiborglas-baso  Insula- 
tion Materials  has  his  own  source  6 f 
supply,  slneo  Owens-Ce rnlng  Flborgl as 
Carp,  dees  not  process  these  materials. 


Untreated,  continuous  filament, Fiber- 
glas Cloth  is  made  in  thicknesses 
from  .0015"  to  .015"  — staple  fiber 
cloth  from  .012"  to  .023". 


_ mmm 

Varnished  Fiberglas  Cloth  is  avail 
able  in  36"  widths  or  cut  to  any  de 
sired  tape  width. 
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HAVE  YOU  INQUIRED  HOW 


DYNATRON  APPLICATIONS 


(CMtlkMd) 


CAN  IMPROVE,  SIMPLIFY . 


erably  with  different  tubes.  Some 
of  the  early  type  24a's  will  provide 
a resistance  of  approximately  6000 
ohms.  Almost  any  of  them  will 
provide  10,000  ohms  which  is  suf- 
ficient for  most  work.  The  negative 
resistance  is  also  directly  controll- 
able by  means  of  the  control-grid 
bias,  being  lowest  in  value  when  the 
bias  is  zero. 

A dynatron  circuit,  arranged  for 
convenience  in  doing  experimental 
work,  is  shown  in  Fig.  1.  In  addi- 
tion to  the  components  shown,  use- 
ful accessories  are:  a calibrated 


YOUR  PRODUCT/  YOUR  PLANT, 
YOUR  POSTWAR  PLANNING 

$ THERMONICS  is  the  science  of  mutable  temperature  control  developed 
by  Fenwal,  Incorporated,  by  the  direct  process  of  determining  the  needs 
of  industry  and  science  for  unerringly  accurate  thermal  control  of  wide 
.mutations.  Many  thousands  of  applications  and  tests  have  proven  the 
efficacy  of  the  Fenwal  Thermoswitch,  prime  factor  of  this  refined  and  exact 
science  of  Thermonics,  which  takes  its  place  of  due  importance  in  the 
field  of  temperature  control  and  thermal  regulation. 

Thermonics  as  a science  in  itself  earns  and  deserves  the  attention  of. 

• all  processes  and  production  requiring  regulation  of  ex- 
treme or  moderate  temperatures; 

• makers  of  equipment  requiring  light  weight,  compact, 
efficient  thermal  regulation; 

• makers  and  users  of  machinery,  equipment,  vehicles, 
wherein  a safety  .factor  of  controlling  or  indicating  exces- 
sive or  dangerous  mutations  in  temperature  is  essential. 

THERMOSWITCH  is  the  prime  factor  in  Thermonics.  So  many  are  the  func- 
tions of  Thermoswitch,  and  so  comprehensive  is  the  field  of  Thermonics, 
that  practically  all  processes  of  manufacture  requiring  accurate  thermal 
•regulation  are  served  by  Thermoswitch.  Few,  if  any  products  whose 
efficiency  depends  upon  temperature  control,  exist  today  or  are  planned, 
that  can  omit  the  consideration  of  Thermonics  in  basic  engineering  and 
the  use  of  Thermoswitch  for  functional  competency  aqd  economy  of 
operation.  Thermoswitch  in  its  many  types  and  adaptations,  offers  a 
lightweight,  compact  vibration -proof,  highly  sensitive  yet  rugged 

regulatory  and  detec-  

tory  unit  of  almost 

unlimited  Utility.  Sr-p.  Fenural's  data  folder  on  Thermonics 

-H- h ill  prove  of  value  to  engineers.  ^ 

Aj  - 1 our  ropy  is  really  for  you. 
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■■  ■■■■i  THERMOSWITCHES — «■> 

FOR  COMPLETE  TEMPERATURE  CONTROL 

43  Pleasant  Street,  Ashland,  Massachusetts 


FIG.  1— One*  popular  to  t**> 
th*  dynatron  circuit  op*rat** 
fid.ntly  wtth  th. 

conT.nl.nc.  In  making  many 


wavemeter,  preferably  a noni 
sorption  type,  a variety  of 
a capacitor  calibrated  over  thej 
sired  frequency  ranges,  and  a ^ 

slide-type  dial.  The  24A  tube 

be  mounted  horizontally  so  tbs 

connection  is  short.  T ° 
dynatron  measurement  appl 

a. 

tuned  circuit  and  the  reso 
quency  or  change  in  frequen  1- 

Grid  Voltage  as 
The  dynamic  resistoce  ^ 
mined  by  the  most  negati  ^ 
grid  voltage  that  will  j, 

oscillation.  This  voltage 
controlled  by  a 
tiometer,  the  scale  o *- 

calibrated  to  read  the  » ^ * 
sistance,  or  a voltm  bjM  voltage 
used  to  measure  the  bias 
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These  experts 
will  answer 


questions  about 
Telechron  Motors 


Telechron’s  Motor  Advisory  Service  is 
staffed  by  application  engineers.  They 
can  tell  you  how  Telechron  self-starting 
synchronous  electric  motors  may  be 
applied  to  your  product— how  quickly 
and  economically  they  can  be  installed 
—how  they’ll  perform  under  varying 
conditions  of  moisture  and  temperature. 

There’s  one  of  these  experts  within 
easy  reach.  It’s  his  job  to  help  you  build 
a better  product  at  lower  cost.  Tell  him 
what  you  need  in  the  way  of  speed  and 
torque,  and  the  operating  conditions 
the  motor  must  meet— he’ll  recommend 
the  one  motor  you  should  have.  Send 
him  a sample  of  your  product— engi- 
neers at  the  factory  will  install  a motor 
and  test  it  in  actual  operation. 

The  Motor  Advisory  Service  is  one  of 
the  plus  values  you  get  with  long-life, 
dependable  Telechron  motors.  For  full 
details,  consult  one  of  Telechron’s  field 
engineers.  Motor  Advisory  Service, 
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IF  IT  WORKS  WITH  A SPARK  - 
IT  WORKS  BETTER  WITH  A 


Smooth,  instanta- 
neous, unfailing 
action  for  any 
sparking  device 


For  over  35  years,  the 
world's  finest  sparking 
devices  have  been  built 
around  the  famous 

Buchmann  "Sure-Fire" 
Spark  Wheel. 


BUCHMANN 

yuAe/cM 

SPARK  WHEEL 


Manufacturers  look  to  Buchmann  for  this  vital  part  because 
they  know  they  can  depend  on  the  consistent  uniformity  and 
precision  of  Buchmann  Wheels.  As  the  world's  largest  manu- 
facturer of  spark  wheels,  Buchmann  offers  you  a quality- 
price  ratio  that  can't  be  equalled — either  in  stock  sizes  and 
types,  or  in  wheels,  round  and  flat  files  machined  to  your 
specifications. 


BUCHMANN 

SPARK  WHEEL  CORPORATION 

4-20  47th  Avsnue,  Long  Island  City  1,  New  York 


324 


and  a chart  made  to  read  the  nega- 
tive resistance.  The  value  of  nega- 
tive resistance  may  be  computed 
from  the  Erlr  curve  at  various  bias 
voltages,  or,  if  approximations  are 
sufficient,  standard  coils  whose  dy- 
namic resistance  is  known  may  be 
used.  The  negative  resistance  is 
equal  to  the  dynamic  resistance  of 
the  circuit  when  the  bias  control  is 
set  just  at  the  point  of  oscillation. 

The  frequency  or  change  of  fre- 
quency is  determined  by  the  loosely 
coupled  wavemeter  or  a nearby  re- 
ceiver. The  wavemeter  is  also 
necessary  to  determine  the  point 
at  which  oscillations  begin. 

A parallel-resonant  circuit  may 
be  tested  directly  by  connecting  it 
to  the  terminals  shown  in  Fig.  1 
The  dynamic  resistance  will  be  in- 
dicated by  the  potentiometer  set 
ting  at  which  oscillation  begins  and 
the  frequency  of  the  circuit  will  be 
shown  by  the  wavemeter. 


Capacitance  and  Inductance 
Perhaps  the  more  useful  is  the. 
substitution  test.  In  this  case, » 
tuned  circuit  of  known  values  is 
caused  to  oscillate.  The  component 
to  be  tested  is  then  clipped  across 
this  circuit.  Oscillation  wiU  prob- 
ably cease  but  may  be  reestablished 
by  decreasing  the  control-gnd  i 
This  decrease  in  bias  will  corres- 
pond to  the  effective  resistance » 
the  component  under  test.  U 
component  contains  react““', 
frequency  will  be  altered- , » » 
ing  capacitor  may  be 
restore  the  original  frequency- 
adjustment  may  be  ca.braUd 
read  capacitance  in  one  dir*" 
and  inductance  in  the  other  Thu 
mil  not  indicate  true  m**"* 
-nnacitance  but  the  effectiv 
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PROGRESS  REPORT 

GATES  It  now  in  full  production  on  civilian  oqulpmonf  and 
can  mala  prompf  delivery  on  many  popular  Ham. 


New  York  Oflloa 
40  Exehanpa  Place 
• Telephone:  Hanover — 2-0198 

QUINCY,  ILLINOIS 


The  New  6ATES  Communications  Transmitter 

FOR  MUITARYe  AERONAUTICAL  a POINT  TO  POINT 
EMERGENCY  a COASTAL  HARBOR  • RELAY  BROADCAST 
FORESTRY#  OTHER  SERVICES 
All  of  the  features  you  ore  looking  lor  ore  combined  in 
this  transmitter.  You  will  Bed  that  it  possesses  Engineer- 
ing. Reliability,  Simplicity,  Efficiency,  ond  Serviceability- 
plu,  maximum  Compactness.  The  tuning  Is  preset  at  the 
foctory,  but  quick,  easy  chonges  ol  operating  frequency 
are  possible.  The  Transmitter  has  complete  metering  and 
protective  circuits,  and  features  rapid  frequency  chonges. 
WRITE  TODAY  FOR  DETAILED  BULLETIN 
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MHf  We  Specieline  inclusively  in  Redie  Tceusmittiuy  equipment 


W hen  you  address  an  Inquiry  or  a comment  to  GATES, 
you're  sure  to  reach  a man  who  knows  Radio  Transmitting 
Equipment— because  there's  no  other  kind  herel  Our  busi- 
ness is  devoted  exclusively  to  the  manufacture  and  sale  of 
Transmitting  Equipment.  As  a result,  there  are  no  diversions 
or  interruptions  to  pull  us  off  our  objective— the  building  of 
better  and  better  products  for  your  needs! 

You  get  sounder  advice  from  a doctor  who  specializes  in 
your  ailment.  You'll  get  better  service  from  GATES— special- 
izing in  your  requirements. 

For  Transmitting  Equipment  that's  good  looking,  depend- 
able, rely  on  GATES. 

Write  or  call  for  details  about  the  GATES  Priority  System  for 
Prompt  Post-War  Deliveries.  GATES  RADIO  CO.,  Quincy,  III. 


ELECTRONICS  — December  194S 


Digitized  by  Lz.ooQie 


325 


DYNATtON  APPLICATIONS 


(codiMtd) 


ANTI-MOISTURE 

ANTI-FUNGUS 

Special  treatment  with 
material*  to  meet  Signal 
Corpa  apedhcationa  avail- 
able when  required. 


SWITCHES 

in  Special,  low  Contact  Resistance  Designs 

Shallcross  Switches  are  a natural  out- 
growth of  our  own  need  for  finely  made, 
specially  designed,  low  contact  resistance 
units  for  a wide  variety  of  exacting  instru- 
ment and  other  applications.  Solid  silver 
contacts  and  contact  arms  assure  highest 
conductivity,  avoid  danger  from  wear,  and 
guard  against  corrosion.  Up  to  180  contacts 
can  be  supplied  on  a single  switch.  Single 
or  multiple  sections  as  required.  Although 
many  standard  types  are  available,  most 
switches  supplied  by  us  are  special  adapta- 
tions or  unique  designs  to  meet  special 
needs.  WRITE!  Send  today  for  technical 
literature  on  Shallcross  switches.  Put  your 
problems  up  to  Shallcross  switch  engineers 
for  quick,  economical,  efficient  solutions. 


SHALLCROSS  WIFG.  CO. 

ENGINEERING  • DESIGNING  • MANUFACTURING 
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the  r-f  and  a-f  tuned  circuits  are 
merely  connected  in  series  as  shown 
in  Fig.  1. 

Measuring  effective  inductance  of 
small  r-f  coils  can  be  done  if  the 
wavemeter  is  set  to  a predetermined 
setting,  say  1000  kc  the  coil  clipped 
on  and  the  dynatron  turned  to  the 
wavemeter  setting.  The  dial  can  be 
calibrated  to  indicate  the  induct- 
ance directly  in  microhenries.  This 
can  be  done  using  standard  induct- 
ances with  interpolation  between 
available  values. 

Using  a good  quality,  365-ppf 
capacitor,  the  1000-kc  setting  would 
provide  a scale  of  approximately  75 
to  200  microhenries.  A frequency 
of  1600  kc  would  provide  a scale  of  ' 
25  to  75  microhenries;  500  kc,  the 
scale  of  200  to  1000;  and  250  kc, 
the  scale  of  1000  to  500  microhen- 
ries. This  may  be  carried  to  as  low 
a frequency  as  desired,  provided 
the  coils  are  of  sufficient  Q. 

Measurement  of  inductance  in 
the  a-f  range  may  be  obtained  by  j 
providing  the  wavemeter  with  a 
resonant  audio  circuit  and  a small 
capacitive  coupling  to  the  grid  of 
the  wavemeter.  A capacitor  decade 
box  is  also  useful.  Using  this  as  the 
variable  capacitor,  the  coil  is  tuned 
to  the  wavemeter  frequency.  The 
amount  of  capacitance  in  the  cir- 
cuit may  be  charted  to  indicate  in-  ! 
ductance. 


Greater  Accuracy 

A method  for  acquiring  a 
nore  accurate  reading  of  induct 
mces  may  be  worked  out  by  com- 
mting  changes  of  capacitance 
gainst  changes  in  frequency.  *** 
neasurements  may  be  carried  we 
nto  the  high-frequency  bands  but 
i ere  the  value  of  the  tube  as  » 
lynatron  becomes  critical. 

Mica  and  paper  capacitors  may 
ie  measured  in  conjunction  wi 
mown  inductance.  The  frequency 
if  oscillation,  when  the  unP8'1 
s inserted,  indicates  the  caps 
ance  when  calculated  agains 
mown  inductance.  Leakage  or 
listive  losses  will  be  indica 
he  lower  Q as  compared  to  m 
vhen  a good  capacitor  is  us 

Resistance  of  Chokes 

In  testing  r-f  chokes,  it  is  u9^ 
o provide  a parallel  resonan 
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INSTRUCTION  NO.  Is- 

“How  to  Eliminate  a 

BOTTLENECK!” 


n we  went  to  war  the  conversion  process 
full  of  bottlenecks.  And  as  we  RE-con- 
to  consumer  production  it’s  again  a case 
ottlenecks! 

the  similarity  goes  still  further.  There 
be  certain  parts  or  assemblies  that  will 
be  ready  when  the  rest  of  the  assemblies 
completed.  It  will  take  time  to  finish  up 
war  orders  still  in  certain  departments 
get  them  switched  over  and  tooled-up. 

Subcontracting  Is  the  Answer 

erica  utilized  the  principle  of  sub-con-, 
cting  when  it  went  to  war  . . . and  a pro- 
ton record  resulted.  American  industry 
1 utilize  the  same  principle  in  RE-con- 
.ting  to  peacetime  products. 

hy  not  isolate  those  parts  on  which  you 
pect  delay,  and  turn  them  over  to  a good 
b-contractor.  True,  sub-contracting  is  one 


of  the  toughest  assignments  in  all  industry. 
A good  sub-contractor  must  have  a different 
kind  of  team  work  . . . ingenuity  . . . and 
timing  with  the  other  fellows  operation. 

But  here  at  Lewyt  we’ve  been  at  it  for  over 
fifty  years,  making  our  production  lines 
dove-tail  with  the  assembly  lines  in  other 
manufacturers’  plants. 

A Short-Cut  To  Having  Those 

Consumer  Products  Ready 

Why  not  give  your  salesmen  a break  and 
have  your  products  ready  ahead  of  the  other 
fellow?  At  any  rate  it  won’t  cost  you  any- 
thing to  investigate  why  some  of  America’s 
leading  industries  have  decided  it  is  a good 
policy  to  "let  Lewyt  do  it”. 

★ ★ ★ 

Write  on  your  business  stationery  for  48-page  book,  “ Let 
Lewyt  Do  It” — the  story  of  the  Lewyt  organization  in  pic- 
tures. Lewyt  Corporation,  62  Broadway,  Brooklyn  ll.N.Y. 


FOR  MOM  THAN  SO  YIAtS  A CONTRACT  MANUFACTURER  . . . EXPERTLY  STAFFED  TO  MODIICf  COMMIT!  ELECTRONIC  AND 
MECHANICAL  ASSEMBLIES,  COMPONENT  FARTS,  SUD- ASSEMBLIES  AND  METAL  PRODUCTS,  TO  TNI  MOST  (XACTINO  REQUIREMENTS 
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ANTI-MOISTURE 

ANTI-FUNGUS 

Special  treatment  with 
mate  rials  to  moot  Signal 
Corps  specifications  avail- 
able when  required. 


the  r-f  and  a-f  tuned  circuil 
merely  connected  in  series  as  i 
in  Fig.  1. 

Measuring  effective  inducts 
small  r-f  coils  can  be  done  i 
wavemeter  is  set  to  a predeten 
setting,  say  1000  kc  the  coil  cl 
on  and  the  dynatron  turned ! 
wavemeter  setting.  The  dial  c 
calibrated  to  indicate  the  ii 
ance  directly  in  microhenries, 
can  be  done  using  standard  in 
ances  with  interpolation  bet 
available  values. 

Using  a good  quality,  3& 
capacitor,  the  1000-kc  setting « 
provide  a scale  of  approximate 
to  200  microhenries.  A freqn 
of  1500  kc  would  provide  a seal 
25  to  75  microhenries;  500  kc, 
scale  of  200  to  1000;  and  2511 
the  scale  of  1000  to  500  microl 
ries.  This  may  be  carried  to  as! 
a frequency  as  desired,  prod 
the  coils  are  of  sufficient  Q. 
Measurement  of  inductance 


SWITCHES 


in  Special,  Low  Contact  Resistance  Designs 

Shallcross  Switches  are  a natural  out- 
growth of  our  own  need  for  finely  made, 
specially  designed,  low  contact  resistance 
units  for  a wide  variety  of  exacting  instru- 
ment and  other  applications.  Solid  silver 
contacts  and  contact  arms  assure  highest 
conductivity,  avoid  danger  from  wear,  and 
guard  against  corrosion.  Up  to  180  contacts 
can  be  supplied  on  a single  switch.  Single 
or  multiple  sections  as  required.  Although 
many  standard  types  are  available,  most 
switches  supplied  by  us  are  special  adapta- 
tions or  unique  designs  to  meet  special 
needs.  WRITE!  Send  today  for  technical 
literature  on  Shallcross  switches.  Put  your 
problems  up  to  Shallcross  switch  engineers 
for  quick,  economical,  efficient  solutions. 


DEPT.  E-125  , COLLINSSALE,  PA. 


the  a-f  range  may  be  obtained 
providing  the  wavemeter  will 
resonant  audio  circuit  and  a si 
capacitive  coupling  to  the  grid 
the  wavemeter.  A capacitor  dec 
box  is  also  useful.  Using  this  asj 
variable  capacitor,  the  coil  is  ta 
to  the  wavemeter  frequency.  1 
amount  of  capacitance  in  the  < 
cuit  may  be  charted  to  indicate 
ductance. 

Greater  Accuracy 

A method  for  acquiring 
more  accurate  reading  of  indut 
ances  may  be  worked  out  by  cot 
puting  changes  of  capacitaai 
against  changes  in  frequency.  Thes 
measurements  may  be  carried « 
into  the  high-frequency  bands  M 
here  the  value  of  the  tube  as 
dynatron  becomes  critical. 

Mica  and  paper  capacitors  ma; 
be  measured  in  conjunction  with  i 
known  inductance.  The  frequency 
of  oscillation,  when  the  capacity 
is  inserted,  indicates  the  cap»ci 
tance  when  calculated  against  the 
known  inductance.  Leakage  or  re 
sistive  losses  will  be  indicated  S 
the  lower  Q as  compared  to  that 
when  a good  capacitor  is  used. 

Resistance  of  Chokci 

In  testing  r-f  chokes,  it  is  use(ul 
to  provide  a parallel  resonant  or 
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be  certain  parts  or  assemblies  t 
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completed.  It  will  take  time  to  finish  up 
war  orders  still  in  certain  departments 
get  them  switched  over  and  tooled-up. 

Sub-Contracting  Is  the  Answer 

'erica  utilized  the  principle  of  sub-con-, 
cting  when  it  went  to  war  . . . and  a pro- 
ction  record  resulted.  American  industry 
1 utilize  the  same  principle  in  RE -con- 
ning to  peacetime  products. 
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thing  to  investigate  why  , , ;t  jg  a good 
leading  industries  have  (tended 
policy  to  "let  Lewyt  do  it”. 

★ * * 

Write  on  your  business  stationery  for  48-page  book,  “ Let 
Lewyt  Do  It”— the  story  of  the  Lewyt  organization  in  pic- 
tures. Lewyt  Corporation,  62  Broadway,  Brooklyn  11,  N.Y. 
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DYNATRON  APPLICATIONS 


(coftHMMd) 


• • » thanks  to  all  of  you  whose  cooperation  during  the 
past  ten  years  has  helped  us  to  grow  and  expand.  As  a result  of 
your  faith  in  our  ability  to  engineer  and  manufacture  according 
to  your  most  exacting  requirements,  we  can  celebrate  our  tenth 
anniversary.  In  these  ten  short  years,  it  has  been  our  pleasure  to 
work  with  many  of  the  leaders  in  the  various  electronic  and 
communication  fields. 


Airborne  Instruments  Laboratory,  Inc 
Aireon  Manufacturing  Corporation 
Brush  Development  Company 
Civil  Aeronautics  Administration 
Columbia  Broadcasting  System,  Inc. 
Gates  Radio  Company 
Northwest  Airlines,  Inc 


Presto  Recording  Corporation 
Radio  Corporation  of  America 
Schuttig  & Company 
Sylvania  Electric  Products  Inc 
University  of  Minnesota 
Western  Union  Telegraph  Co. 
Wilcox-Gay  Corporation 


are  a few  of  the  many  friends  to  whom  we  say . . . 


* j si  y 

2833  13th  Ave.  S.,  Minneapolis,  Minn. 

" tZudtb  7)eve/bp>-  " 
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cuit.  A frequency  is  chosen,  ray 
500  kc,  and  the  coil  is  made  to  tune 
to  this  frequency  with  approxi- 
mately J of  the  plate  area  of  the 
tuning  capacitor  meshed.  This 
point  on  the  dial  should  be  marked 
zero.  If  the  choke  is  then  dipped 
across  the  tuned  circuit,  the  fre- 
quency will  be  altered.  The  capaci- 
tor is  then  increased  until  504  kc  is 
again  obtained.  This  point  on  the 
dial  can  be  calibrated  to  show  the 
value  of  the  added  inductance  of 
the  choke. 

When  the  choke  is  shunted  across 
the  circuit  it  will  probably  stop  os- 
cillating. It  is  necessary  to  lower 
the  control-grid  bias  to  reestablish 
oscillation.  This  will  indicate  s 
lower  dynamic  resistance  the  value 
of  which  will  be  that  of  the  two 
coils  in  parallel. 

When  the  dynamic  resistance  of 
the  coil  alone  is  known,  that  of  the 
choke  may  be  computed.  Or,  differ- 
ent values  of  resistance  may  be 
shunted  across  the  tuned  circuit  in 
place  of  the  chokes.  The  value  of 
resistance  that  requires  the  same 
setting  of  the  control-grid  poten- 
tiometer to  produce  oscillation  will 
be  equal  to  the  effective  resistance 
of  the  choke. 

The  instrument  may  also  be  used 
for  matching  coils  using  a fixed, 
standard  capacitor  and  for  compar- 
ing properties  of  insulating  mate- 
rials. 


Operating  Cowlitioiu 


With  the  circuit  shown,  the  plate 
voltage  may  be  between  25  and  75 
volts.  Maximum  efficiency  is  *■ 
tained  by  increasing  the  negative 
grid  bias  until  oscillation  ju« 
ceases,  then  oscillation  is  reest* 
lished  by  varying  the  plate  voltage. 
This  operation  should  be  repea 
until  an  optimum  condition  18 


found.  . , 

Another  method  is  to  adjust 
bias  to  a slightly  negative  yalift 
then  shunt  the  oscillating  *> 
with  decreasing  values  of  rM18““ 
until  oscillations  cease;  then 
tablished,  as  before  by  WT® 
plate  voltage.  This  operation 
also  be  repeated  to  optimum 

tions.  The  plate  voltage  should 

be  fixed  and  not  varied  a 
control-grid  potentiometer  i 
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. . . by  REVERE 


Revere  NOW  offers  rod  in  a wide  variety 
of  alloys  and  the  following  shapes:  round, 
hexagonal,  octagonal,  square,  special. 
The  physical  characteristics  of  this  rod 
vary  with  the  alloy  of  which  it  is  made, 
ana  the  nature  of  our  processing  of  it. 
Thus  we  can  furnish  you  with  rod  suitable 
for  practically  any  fabrication  process 
and  end  use. 

We  offer  Revere  rod  in  the  following: 


Coppar 

Free-Cutting  Copper 
Free-Cutting  Brats 
Brass  (not  free-cutting) 
Red-Brass 
Naval  Brass 
Muntz  Metal 
Commercial  Bronze 
Roman  Bronze 


Manganese  Bronze 
Herculoy 

(Silicon  Bronze) 
Aluminum  Bronze 
Aluminum-Silicon  Bronze 
Nickel  Silver 
Magnesium  Alloys 
Aluminum  Alloys 
Special  Alloys 


Available  in  coils  or  straight  lengths, 
depending  on  size  and  composition.  For 


full  details,  prices  and  deliveries,  consult 
your  Revere  Distributor  or  us.  The  Revere 
Technical  Advisory  Service  will  gladly 


work  with  you  in  selecting  the  rod  best 
fitted  for  your  needs.  For  this  assistance, 
which  is  given  without  obligation,  just 
write  the  nearest  Revere  Office. 

REVERE 

COPPER  AND  BRASS  INCORPORATED 

Founded  by  Paul  Revere  in  1801 
Ezecucive  Offices:  230  Park  Ave.,  New  York  17,  N.Y. 
Mills;  Baltimore,  Md.;  Chicago,  III;  Detroit,  Mich.; 
Sew  Bedford,  Mass.;  Rome,  N.  Y.— Sales  Offices  in 
principal  cities,  Distributors  everywhere 

Listen  to  Exploring  the  Unknown  on  the  Mutual 
Network  every  Sunday  evening,  9 to  9:30  p.  m„  E.S.T. 
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High-Frequency  Deflection  System 332 

Microanalytic  Measurement  of  Oxygen  Production 340 

Low  Frequency  Multivibrators 350 

Modulation  by  Feedback 360 


Sensitive  Television  Camera  Tube 

The  image  orthicon,  pushed  dur-  oxide  from  which  it  derives  its 
ing  the  war  from  the  developmen-  chromatic-sensitivity  characteris- 
‘ tal  stage  into  practicality  by  the  tic.  This  photosensitive  surface 
Radio  Corporation  of  America,  has  emits  electrons  in  proportion  to  the 
such  high  sensitivity  in  converting  photons  falling  on  it.  In  effect,  the 
the  optical  image  into  electrical  surface  converts  incident  photons 
impulses  that  it  simplifies  the  light-  into  impelled  electrons.  These  de- 
ing  problems  of  producing  televi-  rivative  electrons  are  translated  by 
sion  programs.  In  addition,  the  im-  a magnetic  field  through  the  mosaic 
age  orthicon  makes  it  possible  to  screen,  which  can  be  of  any  produc- 
obtain  clearer  television  images  un-  able  fineness,  to  the  scanning  plate, 
der  shifting  light  conditions  than  By  requiring  the  photosensitive  ele- 
is  possible  with  earlier  pick-up  ment  to  perform  but^one  function. 


the  image  intensity, 
fleeted  electrons  are  i 
pick-up,  annular-ring 
rounding  the  cathodi 
ductivity  and  thicknea 
conductive  scanning  ti 
chief  parameters  that 
efficiency. 

The  reflected  electri 
amplified  in  a casci 
multiplier  of  variable 
automatically  variable 
is  such  that  at  low  level 
high  and  at  high  leve 
The  action  prevents  i 
from  obliterating  the  < 
as  in  some  earlier  type 

The  over-all  system 
unity  gamma  and  is 
scenes  illuminated  wit 
0.01  candles  per  squar 
gain  of  the  multiplier 
at  the  0.01  candle  lei 
creases  to  about  10  at 
level.  By  placing  an 
the  tube  the  image  sigi 
fied  above  the  noise  levei 


i 

i 


Image  orthicon  separatee  functions  of  photoelectric  image  convention  and  scanning, 
and  incorporates  an  amplifier 


placed  on  outside  conda 
interference  will  be  pic 

Non-Ferrous 

Magnetometer 

A MERCURY  JET  MAGNEI 
measurement  of  magne 
tensities  in  sharply  lc 
gions  is  described  by 
Koiin  in  the  Review  of  S 
struments  for  August  IS 
tion  depends  on  potentie 
duced  in  a moving  condu 
in  the  magnetic  field;  t 
conductor  in  this  case  ii 


stream  of  mercury. 

tubes.  This  new  tube  is  portable  as  its  sensitivity  is  increased  several  The  search  channel  co; 
well,  making  it  suitable  for  field  times  over  that  of  the  Iconoscope  narrow  non-conducting  t 

pickups.  The  tube  itself  is  15  inches  because  full  utilization  can  be  made  ing  mercury  at  constan 

long  and  three  inches  in  diameter  of  its  photosensitive  properties.  Two  electrodes,  at  ends  oi 
at  its  widest  section.  The  scanning  target  is  a semi-  ameter,  pick  off  the  emf 

„ , . _ . . , conductor.  The  focused,  derivative  bv  the  moving  conductor  i 

pua  ing  i map  e electrons  that  reach  it  set  up  in  the  magnetic  field  un 

As  can  be  seen  from  the  accom-  charges.  Because  electrons  are  con-  A ratio  of  10  to  1 betwo 

panying  diagram,  the  image  orthi-  stantly  reaching  the  scanning  tar-  length  and  diameter  (02 
con  separates  the  functions  of  con-  get,  100-percent  image  storage  is  mm)  has  been  found satif 
verting  a light  image  into  an  elec-  obtained  in  this  fundamentally  Induced  emf  is  given 
trical  image,  and  of  scanning  the  orthicon-type  tube.  The  target  is  pHdv  X 10"*  volt,  where 

image.  Because  of  this  division  of  scanned  by  a magnetically  con-  separation  of  electrodes 

functions,  each  element  can  be  de-  trolled  beam.  The  target  itself  is  at  of  the  tube),  v is  the  aver 
signed  for  optimum  performance  the  same  potential  as  the  beam  cath-  ity  of  mercury  flow  (r  e 
thus  giving  maximum^  sensitivity,  ode,  thus  where  the  target  has  be-  velocity  distribution).  * 

The  photosensitive  surface  which  come  charged  from  the  image  elec-  oersteds  is  the  componen 

converts  the  optical  image  into  an  trons,  it  reflects  the  electrons  of  magnetic  field  mutually ' 

electrical  image  is  chiefly  cesium  the  scanning  beam  in  proportion  to  lar  to  the  channel  axis  and 
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MAGNETOMETER 


lew 


SERVICE 


Expert  service 
engineer  making  final 
check-up  on  a 160- A Q Meter 


trode  diameter.  Orientation  < 

magnetic  field  can  be  detennin 

locating  the  channel  probe  ii 
position  that  gives  a maximum 
age,  then  flux  direction  can  ( 
terminated  from  the  above  pe 
dicularity  relation. 

The  electrodes  are  connecte< 
millivoltmeter.  Induced  emf, 
cury  velocity  and  channel  dial 
can  be  measured  accurately 
readily  available  instruments, 
H can  be  determined  with  high 
cision.  The  instrument  can 
continuous  field  measurements 
is  therefore  valuable  in  tran 
field  measurements. 

In  the  equipment  as  develops 
laboratory  measurements,  a i 
netometer  with  permanent  m 
is  used  as  flow  meter.  The  sea 
ity  of  the  flow-meter  magneto 
is  adjusted  by  rotating  the  pet 
ent  magnet ; the  cosine  of  the 
netic  angle  giving  the  multipl 
factor. 

The  same  principle  is  used  ftj 
mercury  pump.  Electrodes  are « 
to  pass  current  through  the  a 
cross  section  of  the  mercury  j 
A permanent  magnet  provides 
over  the  same  volume  Contni 
the  electrode  current  govern 
mercury  flow. 


A complete  Laboratory  Overhaul 
for  your  Q Meters  and  Q-X  Checkers 
after  strenuous  wartime  use. 

“<?  SERVICE”  includes 

1.  General  Check  and  Clean-up  of  the  instrument. 

2.  Complete  Re-calibration  in  our  Standards  Department. 

3.  Loan  of  a replacement  while  your  instrument  is  in  our 
Laboratory. 

In  answer  to  many  requests  and  in  recognition  of  the 
unusual  demands  made  on  your  instruments  during  the 
Wartime  years,  this  “Q  SERVICE”  has  been  developed. 

For  complete  information  write  to  Department  E 
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High-Frequency 
Deflection  System 

By  Gunther  Rodens® 

Harvard  Vnirrmtf 
From  Jour,  of  Applied  Phpnci.  d 

["HEORETICAL  DESIGN  consider^ 

'or  the  deflation  system  of 

>de  ray  tube  to  be  used  at  high . 
[uencies  include  the  driving  J®| 
ier  output,  the  sensitivity  of 
leflation  system,  and  the  arrad 
nent  of  the  system. 

AmpH/Ur 

High  - frequency  charactered 

f wide-band  oscilloscopes  ‘ 

hiefly  limited  by  the  a®P 
tagethat  drive  the  deflection  j 
em.  A figure  of  merit  for  ■> 
tage  is  I/C  = E *'  where  J B j 
laximum  output  current  rw j 
tage,  which  can  be  appro» 
y the  average  current  dra 
le  tube  for  class  A operation.  ^ 


PRINTING 
DIE  CUTTING 
CEMENTING 


Wide  experience  by  oil  known 
processes  in  the  opplication  of 
printing,  engraving,  silk  screen- 
ing, die  cutting  and  cementing 
of  otl  thermoplastics. 


Specialists  in  deep  drawing  radio 
dial  windows,  embossing,  swag- 
ing and  bending  in  Acetate, 
Vinylite  and  Acrylics. 


machining 


Precision  threading,  screw  ma- 
chine, milling,  drilling,  turning 
cf  Polystyrene,  Acrylics,  Pheno- 
lic*, Nylon,  Tenite;  sheets,  tubes 
•nd  rods;  through  spindle  capac- 
ity up  to  2V4"  rod. 


ASSEMBLY 


™ angineers  can  assist  you  in 
problems  of  design  and  assembly 
•fyour  plastic  units. 


93  Mercer  Street 
New  York  12,  N.  Y 


JJM 

fTTlj 

17  |] 
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CAPACITIWN 

849  North  Kedzie  Ave.,  Chicago  51,  Illinois 


H-f  SYSTEM 


IF  ONLY  I HAD  USED  CAPACITIHINS 

— IN  MY  FLUORESCENT 

C_  BALLASTS ! \ 


eluding  both  that  of 
and  of  the  deflection 
the  peak  output  volta 
the  upper  frequency 


amplifier;  i.e.,  the  half, 
quency. 

From  this  figure  of  m 
that  to  obtain  high-fret 
sponse,  capacitance  C 
made  small.  Also,  the  av 
from  the  tube  should  be  i 
by  either  using  tube  and 
conditions  which  draw  a 
rent  or  using  negative 
Another  possibility  is  to 
required  E by  increasing 
tivity  of  the  deflection  syg 
may  prove  advantages 
the  accompanying  increi 
pacitance.  For  fixed-freq 
eration,  input  and  outpi 
amplifier  can  be  tuned. 

Deflection  Semlivi 

If,  for  small  transit  t 
deflection  field  is  uniform 
width,  and  the  accelerati 
tial  V with  which  the  elec 
enters  the  deflection  fieli 
stant,  the  deflection  angle 
beam  produced  by  the 
field  is,  from  electron 

' ‘ 9 = (1/2  V)  A 

where  Z , is  the  position  o 
ginning  and  Z,  the  endin 
deflection  field  as  seen  by 
tron  beam,  and  « is  the  pei 
lar  component  of  the  elec 
along  the  path  of  the  bean 
From  Gauss’s  theorem 
to  the  plane  of  the  path 
beam  within  the  deflecti 
area,  we  obtain 


RETURN EO  FOR 

replacement 


You  Too  Will  Want  the  Dependability 
of  CAPACITRONS  to  Keep  Your  Ballasts 
on  the  Job  at  Extreme  Temperatures 


Capacitron  fluorescent  ballast  capaci- 
tors are  the  result  of  one  of  the  most  ex- 
tensive research  projects  ever  conducted. 

Continuous  laboratory  work,  carried  on 
for  over  two  years  in  conjunction  with 
actual  field  tests  involving  operational 
reports  on  over  20,000  service  units, 
has  proved  the  ability  of  Capacitrons  to 
remain  on  the  job  when  ordinary 
capacitors  fail. 

Capacitrons  will  put  an  end  to  your 
fluorescent  ballast  capacitor  worries  and 
at  the  same  time  provide  the  assurance 
of  adequate  deliveries  to  meet  increased 
production  requirements.  Why  not  let 
us  work  with  you  now? 


in  which  p is  the  charge 
width  of  the  plates  and  i 
permittivity  of  the  space 
the  plates.  If  E is  the 
between  the  plates,  and  e 
capacitance  per  unit  width 
to  that  portion  of  the  elect 
field  that  the  beam  travera 

0 a 

This  equation  shows  that, 
of  the  equivalent  length  ofi 
ized  deflection  system 
fringing  fields  giving  the  • 
flection  as  the  actual  system 
system  having  the  same  *1 
capacitance  per  unit  widt 
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Crystal*  Licensed  Under  Patents 
ol  the  Brush  Development  Co. 


H-P  SYSTIM 


gives  the  same  deflection.  This 
capacitance  takes  into  considen- 
tion  the  fringe  effects  in  the  path 
of  the  beam. 

From  Eq.  1 and  2 we  find  that  ( 
= p/2V  u-  This  result  shows  list 
the  deflection  angle  depends  on  the 
internal  charge  per  unit  width  that 
can  be  placed  on  the  system,  and 
upon  the  axial  accelerating  potes- 
tial,  regardless  of  the  configura- 
tion or  potential  of  the  deflecting 
system.  The  aims  in  designing 
either  a deflection  system  or  its 
amplifier  are  thus  to  decrease  the 


4 impedance  Requirements 

at  You*  Fingertips 

A.wmol.h.  “seleclo-swilcb"  I»“B“nT 

end  allows  ..mi-  or  »*»—*  y9S  . precision 

appearance  end  per.orme.rc*  . **  „ver6  ..„ic  condrl.on.. 

mogedl,  bud.  1*  deed  »P  end  d. _ p.  A.,  end  pol.ee  commun^ 
It  is  widely  used  lor  comme.c.el  b respond  l.ee  Irom 

celm  work,  bevel  ,P*  — Comple.. 

peaks  or  holes  lxom  40  o distributor  or  write, 

with  20  It.  removeble  ceble  set.  Ask  y° 

, A ascribes  fully  all 

Complete  Turn.* _ Cata  og  ^ speCi- 

TURNER  Microphon.^  ^ y£>ur  £ree  copy. 
fic  applications. 


At  the  top  U a paraUelwtie  ll»  ^ 
as  the  deflection  cyntam  of  o catto» 
ray  lube.  The  line  can  be  tennbnW 
In  1U  cbaracterlittc  rmtatanc.  th««T 

giving  a lyatem  having  an  taped®* 
independent  of  frequency. 

,om  U the  deflection  Held 
by  the  line.  The  length  ol  th* 
comparabU  to  the  wire  «poclnfl 

beam  accelerating  potential  at  the 
deflection  system  and  to  mcresR 
the  internal  charge  per  unit  width 

of  the  system.  , 

For  a given  total  charge,  the  ae 

flection  angle  can  be  inc‘'eafd  ' 
making  e large  compared  to  “ 
total  circuit  capacitance,  lnsw* 
of  making  the  deflection  P 
small  as  possible  as  has  heretof  ^ 
been  suggested,  they  3 
designed  to  have  lar*e  tube 
especially  if  the  cathode-rtf  » 
is  to  be  connected  to  an  amP'J 
which  has  some  capacita  * 
can  supply  only  a fim.ted  charge 
for  the  deflection  system. 

Parallel-Wire  Line  for  Deft**'1*  * 

The  factor  »/<.■» 
dimensionless  quantity.  ^ 

the  shape  of  the  defiK 
has  been  determined,  its 
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HERE  MAY  BE 


TO  YOUR  METAL  PROBLEM 


LAMINATED 
CONTACT  BUTTONS 


INLAY  METALS 


CONTACTS 


THERMOSTAT  METALS 


General  Plata  iamfnatad  Metals 


General  Plate  Laminated  Metals  . . . permanently 
bonded  combinations  of  precious  metal*  to  base 
metals  or  base  to  base  metals . • . can  provide  the  solu- 
tion to  your  performance  or  design  metal  problems 
whether  the  product  be  a peanut  radar  tube,  an  electri- 
cal contact  or  a giant  turbine. 

These  versatile  laminated  metals  . . . in  sheet,  wire, 
tube — or  as  fabricated  parts  . . . give  you  high  electri- 
cal performance,  corrosion  resistance,  workability,  me- 
chanical and  structural  properties  not  found  in  single 
•olid  metals— and  best  of  til,  at  a fraction  of  the  cost 
of  solid  precious  metals. 


Investigate  General  Plate  Laminated  Metals  today. 
Find  out  how  their  unusual  performance  and  cost- 
cutting advantages  can  help  increase  production  . . . 
improve  your  product . . . and  save  money,  too. 

Our  engineers  will  gladly  help  you  with  your  metal 
problems.  Write  for  their  services. 

Cheek  these  •eneral  Mete  advantages! 

• Corrosion  Resistance  e Workability 

e Ease  of  fabrication  e Long  life 

e Ease  of  soldering  a Economy 

a Electrical  Performance 


GENERAL  PLATE  DIVISION 

of  Metals  & Controls  Corporation 

SO  Ctwith  NnwYoi*,  N.  Y.,  305  W.  Worker  Qriw.  CMeoso.  IIU  *5*5  *•*•  Driw.  AltaSnna,  California 
Grant  SIS*.,  la-  503,  SlmboraS.  '• 

ATUHOBO,  MAXACHUSim 
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Amid  the  "hub-bub"  of  improvomunti,  gadget*, 
streamlining,  etc.  we're  likely  to  forget  a few 
basic  elements  of  customer  satisfaction  such  as 
efficient  insulation.  When  wise  manufacturers 
think  of  insulation,  they  think  of  INSL-X  coatings. 
INSL-X  Research  Leadership  has  made  INSL-X 
foremost  in  quality. 


Literature  on  Request 


THE  INSL-X  COMPANY  INC. 

857  MEEKER  AVE..  BROOKLYN  22.  N.  Y. 

CHICAGO  • DETROIT  • LOS  ANGELES  • PHILADELPHIA 
CLEVELAND  • ST.  LOUIS 
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H-P  SYSTEM 


( continued) 


— as  long  as  transit-time  effects 
do  not  enter — has  been  determined. 
However,  because  the  axial  length 
of  deflection  systems  that  use  pairs 
of  plates  flared  at  their  ends  and 
the.  inductance  and  capacitance  of 
their  leads  enter  at  high  frequen- 
cies, the  deflection  is  reduced. 

Both  transit  time  and  lead  effects 
can  be  reduced  by  using  a closely 
spaced,  parallel-wire  line  as  illus- 
trated in  the  accompanying  figure. 
The  capacitance  per  unit  length  of 
such  a line  is 

c = th!  coatr1  (d/2r) 

where  r is  the  radius  of  the  wire* 
and  d is  their  spacing.  From  Eg. 
3 their  deflection  is 


e = 2V  cosh*1  (<f/2r)  — W ln(d/r). 
the  approximation  being  valid  for 
large  ( d/r ). 

The  electrostatic  field  is  mainly 
concentrated  within  a distance 
equal  to  the  wire  spacing.  Thu* 
the  significant  part  of  the  transit 
time  is  that  time  required  for  the 
beam  to  cross  a space  of  the  same 
order  of  magnitude  as  the  wire 
spacing. 

Use  of  Parallel-Wire  Deflection  Spin 
For  measurements  at  fixed,  high 
frequencies  the  parallel  wires  cu 
be  tuned,  and  by  proper  adjust-  ; 
ment  of  the  tuning  a voltage  maxi- 
mum can  be  located  at  the  pom 
where  the  beam  travels  betwe® 
them.  Owing  to  the  low  losses  o 
such  a line,  very  high  maximum 
of  charge  and  voltage  can 
obtained  thus  ensuring  a maximum 
deflection.  , 

For  wide-band  operation,  the 
flection  system  should  be  term1 
nated  in  its  characteristic  impeo 
ance.  A greater  power  »P«‘ 
the  deflection  system  than  fo 
uned  condition  will  be  re<lul  ' 
>ut  the  system  will  present  a P 
resistance  load  at  all  freque 
The  surge  resistance  of  a no 
nant  line  is 

Jg.  _ 120  cosh-  (d/2r) ohml 
Thus  the  deflection  angle  in  ternx 
of  the  input  current  / = c/ 
the  line  is 

d S 60 *I/V  . f 
We  see  that  this  deflectior ' 
pendent  of  the  relative  i _ 
and  is  primarily  determined  by 

..  r ArtfiNlCS 
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Standard  10  and  20 
watt  fixed  resistors. 
1-50,000  and  1-100,000 
ohms. 

Standard  adjustable  re- 
sistors. 25  to  200  watts. 
1-100,000  ohms.  Brack- 
ets furnished.  Addi- 
tional sliders  available. 

Greenohms  feature  the 
exclusive  Clarostat 
cold-setting  inorganic 
cement  coating.  Won’t 
flake,  peel,  crack,  even 
under  serious  over- 
load. 

Greenohms  can  take 
an  awful  beating. 
Handle  heavy  over- 
loads without  flinch- 
ing. 

Available  in  widest 
range  of  windings,  ter- 
minals,mountingMap** 
etc.,  on  special  order. 


^ GREENOHMS — those  green-colored  ce- 
ment-coated Clarostat  power  resistors — definite- 
ly "stay  put.”  You  can  positively  bank  on  their 
resistance  value.  Proof?  The  fact  that  they  are 
now  found  in  the  finest  assemblies — quality  in- 
struments, radio  transmitters,  electronic  equip- 
ment. The  resistance  is  right  to  start  with.  And  it 
stays  right  even  after  years  of  use  and  abuse. 

Recently  we  had  occasion  to  check  a batch  of 
Greenohms  that  had  been  lying  around  in  a 
warehouse  for  years — part  of  one  of  our  radio 
show  displays.  Each  and  every  Greenohm 
checked  "right  on  the  nose.”  And  they  make  out 
even  better  in  use  and  under  real  abuse. 

★ Submit  Your  Problem . . . 

Tell  ua  about  your  resistance  or  control  prob- 
lem. Let  ua  provide  engineering  collaboration, 
specifications,  quotation.. 


current  or  charge  on  the  deflection 
system. 

The  driving  power  for  the  non- 
resonant  system  is  mainly  dissi- 
pated in  the  terminating  resistance 
and  will  be  least  when  that  resist- 
ance is  smallest.  This  require, 
ment  indicates  thick  wires  closely! 
spaced.  Where  the  wire  diameter 
is  too  thick  to  be  sealed  into  the 
glass  walls  of  the  cathode-ray  tube, 
their  cross  section  can  be  reduced 
thus  offsetting  the  effect  of  the 
added  dielectric  of  the  glass  on 
the  characteristic  impedance. 

Contrasted  to  the  conventions! 
deflection-plate  system  in  which  i 
reactive  power  proportional  to  fre- 
quency is  required,  the  parallel- 
wire  system  requires  a resistive 
power  that  is  independent  of  fre- 
quency. In  the  study  of  transients 
this  advantage  plus  the  absence  of 
resonances  make  the  parallel-sire 
deflection  system  very  useful.  If 
closely  spaced  wires  are  used,  the 
low  transit  time  enables  absolute 
voltage  measurements  to  be  made 
at  high  frequencies. 


croanalytic  Measurement 
Oxygen  Production 


By 


, Petes  Pringshkw 

Hay  Control  Company 
Pasadena,  California 


ETHOD  FOE  MEASURING  the 
ion  of  very  small  quantities  o 
Een  has  been  ^ope- 
ration with  J.  Francs 
•res  Terwood  in  the  labowt_ 
he  Fels  Foundation  m *• 

ment  of  Chemistry  of  fteU 

ity  of  Chicago.'  The  method « 
■d  on  a phenomenon 
Kautsky*  and  P*®11*  ioo 

quantitatively  p gtm*| 

0-  cc  per  second  of  v,  j 

ric  pressure. 

Preparation  of  Potp^m 

iautsky  found  that  if  **'-  ^ 
xypoflavine  (acri  avm  j, 

>ed  on  silica  Eel  “df^, 
hly  evacuated,  the  y.  diated 
sphorescent  when  desc*»t 

h light  from  an  '»  ^ 

P.  the  afterglow  hern?  ^ 
about  10  seconds  af*  ^ 
the  irradiation.  ^ prtt. 

cence  is  not  affect  ^ ("0 

P of  very  pure 
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METAL  ASSEMBLIES  AND  COMPONENTS 

FOR 

ELECTRONIC  AND  MECHANICAL  DEVICES 
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OXYGEN  ANALYSER 
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MOTORS  for 
ELECTRONIC 
APPLICATIONS 


2/75  HP— 115  V-60  Cy.—l  Ph.  1670  R.  P.  M.— Clockwise.  Ball  Bearing.  Ventilated. 


Cut  shows  one  of  many  typos  and  sixes  of  Ohio  Motors  designed  for  driving 
Electronic  Devices. 

RANGE 

1/100  to  2 HP.— A.C. 

1/100  to  1 HP.— D.C. 

1/100  to  Va  HP. — A.C.  Synchronous. 

1 to  100  oz.  ft.  A.C.  Torque. 

Shell  type  motors  for  built-in  applications  to  4 HP. — D.C.  and  to  7 Vi  HP. — A.C. 

All  usual  voltages  and  cycles. 

What  is  your  problem? 

THE  OHIO  ELECTRIC  MANUFACTURING  CO. 


5908  Maurice  Avenue  Cleveland  4,  Ohio 
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or  a rare  gas,  but  it  is  very  strongly 
quenched  by  the  presence  of  the 
smallest  quantities  of  0* 

The  phosphor,  the  phosphorescent 
gel  with  adsorbed  dye,  is  prepared 
by  immersing  carefully  purified 
silica  gel  in  a dilute  aqueous  solu- 
tion (0.5  normal)  of  the  dye  during 
a period  of  a few  hours,  keeping 
the  solution  in  the  dark.  The  grains  I 
of  the  gel  should  have  a diameter  of 
about  1 mm.  After  being  dried  in- 
perfically,  a small  quantity  of  the 
phosphor  is  inserted  into  a glass 
tube  and  evacuated  during  several 
hours  to  the  highest  attainable 
vacuum,  while  it  is  heated  to  350*C. 
From  there  on,  the  phosphor  must 
be  protected  against  contaminatios 
with  oxygen  at  high  pressure.  If  it 
should  come  into  contact  with  at- 
mospheric air,  the  high  temper- 
ature, vacuum  treatment  must  be 
repeated. 

Photphorotcopt 

For  quantitative  measurements 
the  tube  containing  the  phosphor  is 
placed  between  the  discs  of  a Bee-  . 
querel  phosphoroscope  the  arrange- 
ment of  which  is  shown  in  Fig- 1- 
The  phosphor  fills  a tube  of  4 m 


■lg.  1— PhotpboroEcop.  la 
,.n  «n.M«  phosphor**'-*8  ^*  ^ 
nominated.  the  Ulualno#«>  •» 
xnd  the  r. radiation  directed 
tab* 

iner  diameter  and  a len8^  G 
m and  is  held  in  position  by 

luze.  . v..  of 

Exciting  light  enters  the 
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)RE  FACTS  ABOUT  THE  “VT  FUZE 

v ihe  secret  weapon  second  only  to  the  Atomic  Bomb " 


id  its  17  Metal  Electronents*  mass-produced  by  Scovill' 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
17. 


"Potato  masher"  encasing  can 
"T"  cup  disc 
antenna  insert 
vane 

spray  shield 

I 

’-chassis  plate  assemblies 


| condenser  cans 

"T"  cup 
contact 
control  cover 
coupling 
chassis  cover 
condenser  cover 
vane  shield 


was  one  of  the  first  subcontrac- 
get  into  mass  production  on  the 
uze”  metal  components  illustrat- 
]W.  Four  of  the  many  problems 
xl  in  producing  these  tricky  metal 
n large  volume  to  extremely  close 
ices  and  other  difficult  specifi- 
! will  interest  you. 

1,  the  “potato  masher”  required 
rdinary  redrawing  of  stamped 
Scovill  installed  and  developed 
special  machines  to  meet  the  ur- 
roduction  schedules. 

. 2,  the  detonator  disc  . . . held  to 
ices  of  less  than  .001”. 

1 3,  the  antenna  insert  ...  an  ir- 
rly  shaped  drawn  shell,  made 
f instead  of  solid  to  save  weight, 
t 4,  the  wind-driven  vane  which 
s the  generator  at  100,000  RPM 
?ld  to  1°  concentricity. 


MANUFACTURING  COMPANY 


The  epic  story  of  the  fa- 
mous "VT"  Radio  Prox- 
imity Fuze  has  been  told 
. . . how  this  shell-borne 
radio  sending  and  receiv- 
ing set  explodes  its  shell 
by  reflected  waves  from 
its  target  70  feet  away 
. . . how  it  stopped  Jap 
suicide  planes,  knocked 
down  German  buzz- 
bombs,  blasted  Jap  de- 
fenses at  Iwo  Jima  and 
Okinawa. 


Similarly,  all  the  other  parts  had  un- 
usual specifications  which  called  for  the 
ingenuity  of  15  different  Scovill  pro- 
duction departments  in  applying  and 
improvising  metal-working  techniques 
...  a well-known  characteristic  of 
Scovill  engineers.  For  up-to-the-minute 
facts  about  how  Scovill  can  save  time 
!and  money  on  your  small  electronic 
components  or  complete  assemblies,  use 
the  coupon  below — today. 

•Electronents  = Electronic  Components. 


1 


*c >cnd  me  a free  copy  of  "Masters  of  Metal”  booklet  de- 
jsf'Syour  facilities.  I am  interested  in  the  ELECTRONENT* 
“cations  checked. 


ktterics 

kcortl  Changers 
dips 

^odensers 


Krai 


Pplications 


D Dials 

□ Escutcheons 

□ Jacks 

□ Lugs 
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□ Panels 

□ Sockets 

□ Stampings  (misc.) 

□ Tubes 


SCOVILL  MANUFACTURING  COMPANY 

Electronic  Division 
22  Mill  Street 
Waterbury  91,  Connecticut 


Name 

Company 


Address 
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the  phosphoroscope  through  a win- 
dow W,  and  the  aperture  A,  in  the 
first  rotating  disk  D,;  the  phospho- 
rescent light  is  transmitted  through 
window  W«  and  aperture  A,  in  the 
second  rotating  disk  D„  Apertures 
A,  and  A,  are  adjusted  so  that  W, 
is  completely  screened  by  D,  before 
A,  opens  window  W*  No  light  can 
fall  on  the  phosphor  except  the  ra- 
diation transmitted  through  W> 
and  A,. 

The  phosphor  is  excited  by  the 
radiation  of  a General  Electric 
Mazda  Projection  lamp  (6  v,  18  a) 
the  current  of  which  is  supplied  by 
a transformer  connected  to  the 
houseline  through  a voltage  regu- 
lator. The  light  is  made  paralld  by 
a lens  L.  of  small  focal  length  so 
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FI9.  a— Multiplier  photo  mho  * 

operate  Indicating  lniirao*” 


that  the  lamp  can  be  1°“**^** 
great  distance  from  the  phosP 
and  does  not  interfere  wi  ^ 

parts  of  the  apparatus.  A ® 
is  placed  in  front  of  the  c 0f 
and  focuses  the  reduced 
the  lamp  filament  on  the  P js 
the  totally  reflecting  ^ 

adjusted  so  that  the  hg  toe[ 

pinges  on  the  Phosph,  tte  in>- 
nearly  at  a grazing  angle. 
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In  the  vital  step  from 
circuit  diagram  to 
commercial  product 


s.s.mrre  flexible  watts 

help  to  make  more  effective  designs 


This  broadcast  trans- 
mitter shows  clearly 
how  coupling  with 
5.  S.  White  flexible 
shafts  gives  unre- 
stricted freedom  in 
placing  variable  ele- 
ments in  best  posi- 
tions while  centraliz- 
ing controls  for 
convenient  operation. 


Translating  an  electronic  circuit  into  a commercial  product  includes 
the  problems  of  cabinet  design  and  the  arrangement  of  the  various 

elements  in  the  cabinet. 

In  many  cases,  more  effective  designs  and  arrangements  can  be 
made  by  using  S.  S.  White  flexible  shafts  as  "couplings"  between 
variable  elements  and  their  control  knobs  or  dials,  and  between 
small  motors  and  the  mechanisms  they  drive. 

Such  use  of  S.  S.  White  shafts  gives  unrestricted  freedom  in 
placing  elements,  often  making  it  possible  to  save  space,  to  facili- 
tate assembly  and  wiring,  to  make  operation  and  servicing  con- 
venient, and  to  improve  and  modernize  appearance. 

A wide  range  of  coupling  requirements  can  be  met  because  of 
the  large  selection  of  S.  S.  White  shafts  available  in  both  the 
power  drive  and  remote  control  types.  S.  S.  White  engineers  have 
helped  work  out  many  such  applications  and  their  cooperation  is 
yours  without  obligation. 

GET  FULL  INFORMATION  AND  DATA  IN 
THIS  FLEXIBLE  SHAFT  HANDBOOK 

The  subject  of  flexible  shafts  and  their  application  is  com- 
pletely  covered  in  this  256-page  volume.  A free  copy 
will  be  mailed  to  you  if  you  wilt  write  for  it  on  your  busi- 
ness letterhead  and  mention  your  position. 


DENTAL  MFG.  CO. 


INDUSTRIAL 


DIVISION 

MIT.  1.  10  EAST  «Mh  11.,  HEW  TOOK  10,  N.  Y.  


FLEXIBLE  shafts  AIRCRAFT  accessories 

MOLDED  riASTICS 

MOLDED  RESISTORS  FLEXIBLE  SHAFT  TOOLS 

Ckc  America*  A AAA  'htAM&ttel  gwte^Mce* 
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age  of  the  lamp  filament  has  a sur- 
face of  fibout  4 square  mm.  The 
light  emanating  from  the  phosphor 
is  projected  by  a short  focus  less 
placed  in  window  W,  into  a photo- 
multiplier. The  latter  is  contained 
in  a light  tight  housing  with  only  a 
narrow  opening  for  the  entrance  of 
the  phosphorescence  light;  more- 
over, the  opening  is  protected 
against  stray  light  by  a cylindrical 
tube  T.  Only  light  emitted  by  the 
phosphor  after  the  end  of  the  exci- 
tation period  can  enter  the  photo- 
multiplier. 

Electronic  Ctrcuit 

The  self  compensating  circuit 
used  in  connection  with  the  photo- 
multiplier and  shown  in  Fig.  2 is 
of  the  type  reproduced  in  “Expen- 
mental  Electronics”  by  R.  H.  Mul- 
ler, R.  L.  Garman  and  M.  E.  Drot 
(Prentice  Hall,  N.  Y.,  1943). 

A part  of  the  voltage  divider  as- 
sists of  two  VR  150  tubes.  With  a 
fluctuating  line  voltage  the  varia- 
tions in  the  voltage  of  dynode  7 are, 
therefore,  larger  than  those  in  the 
voltage  of  the  other  dynodes  and 
can  be  used  to  counterbalance  any 
changes  in  the  latter. 

The  anode  current  was  measured 
without  further  amplification  by 
means  of  a Rubicon  galvanometer 
of  a sensitivity  of  4.10'*  amp  per 
mm.  The  inertia  of  the  instra®”1 
was  sufficient  to  give  steady  deflec- 
tions if  the  frequency  of  the  pbos- 
phoroscope  was  6 flashes  per  st*°n. 

A photo-multiplier  tube  of  tne 
earlier  type  (R.C.A.  9*1) J’*'* 
our  disposal.  Even  with  this 
we  obtained  sufficient  amphfcw? 
of  the  photoccurrents  produced  i 
the  phosphorescence  by  using 
volts  between  adjacent  dynodes, 
900  volts  over-all.  With  the 
mum  voltage  of  120  volts  per 
the.  anode  output  could  have 
increased  more  than  ten  o • 
similar  high  output  cou 
tained  with  the  new  9S1-A 
the  normal  100  volts  per  step.  " 
either  a galvanometer  of  » 
sensitivity  or  a lower  in 
the  exciting  light  could  ^ 
the  latter  has  some  advantage* 
cause,  after  long  and  stnmg  * 
radiation  in  the  presence  oi  u* 
phosphor  begins  to  deteriorate. 

Measurements  were  made  by 

LKT«0N'« 


Chicago  Metal  Hose  Corporation’s  43  years  of  experience  went  into 
manufacturing  its  part  of  Jet  Propulsion,  Pressurized 
Cabins  and  kindred  marvels  of  a modern  day. 

For  each  of  these  scientific  achievements  began  with  research. 

A search  by  trained  men  months  and  years  ago  for  better 
tools,  better  metals,  better  ways  of  doing  things. 

This  pioneering  has  made  for  scientific  advancement  in  the 
manufacture  of  flexible  metal  hose.  Today,  for  example, 

Chicago  Metal  Hose  Corporation  can  offer  you  outstanding 
advantages.  Our  engineers  are  specialists  in  the  science  V 

of  fabricating  and  corrugating  Stainless  Steel  and 
other  metals.  Out  of  our  long  experience  have  come  new  I 

techniques  in  metal  strip  forming  and  welding  that  fg 

are  increasing  efficiency  on  hundreds  of  industrial  ■ 

applications.  If  your  problem  involves  flexible  « 

metal  tubing,  bellows  or  allied  products. . . find  J| 

out  now  how  we  can  help  you!  Write  today.  w w 

Flexible  Metal  Hose  for  Every  Industrial  Use 


CHICAGO  mETfiL  HOSE  Corporation 


mRVWOOD,  ILLINOIS 


.Ptantsi  Maywood  and  II gin.  Ills 


means  what  it  says 
. . . at  Chicago  Metal  Hose I 
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Here's  the  ACTUAL  SIZE 


In  announcing  another  new  and  smaller  POWERSTAT  variable  transformer, 
SUPERIOR  ELECTRIC  COMPANY  offers  in  the  Type  20  all  the  desirable  characteristics  of  larger 
POWERSTATS  together  with  design  features  only  applicable  to  a unit  of  this  size.  Use  of  special 
core  materials  and  an  unusual  mechanical  arrangement  permits  mounting  on  1%  inch  radius. 
The  space  required  behind  the  panel  is  only  3 9/t6  inches.  Although  small  in  physical  dimensions, 

the  rating  of  type  20  illustrates  the  advanced  design 
and  high  quality  workmanship. 


Input:  115  volt,  50/60 
cycles,  1 phase. 

Output:  0 to  135  volts, 
3 amperes,  405  va. 

Weight:  3.9  lbs. 

Questions  regarding 
technical  data,  delivery 
or  price  will  be  gladly 
answered  by  any  SECO 
engineer. 


Send  for  Bulletin  LE 


SUPERIOR  ELECTRIC  COMPANY 

411  LAUREL  STREET.  • • ' aCTOI.  COHH.CT.CUT 
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Conant 

+ «»»■  MAI/  _ 

Rectifier  Assembly 

That’s  right!  Here  is  a new  instrument 
rectifier  application  that  gives  complete 
freedom  from  temperature  errors.  With 
“Uni-Scale”  AC  values  are  read  on  the  same 
linear  scale  as  DC  values. 

The  vastly  improved  frequency  response 
achieved  by  this  new  development  will  amaze 
you.  “Uni-Scale”  assemblies  can  be 
furnished  in  any  of  three  Conant  series 
(500,  160  or  160-C). 

No  priorities  necessary— no  waiting.  Write 
today  for  data  about  “Uni-Scale”  by  Conant. 

4 - 

^ 'Set  /Ail  BOOK! 

\ "Instrument  Rectifiers  and  Rectifier  Type  Instru- 

\ ments,"  by  H.  B.  Conant.  Includes  methods  for 

\ compensating  for  Instrumentation  errors.  Send 
^ \ 25c  to  cover  cost  of  handling  and  mailing  to 


ing  a reading  of  the  galvanometer 
deviation  every  two  seconds  and  in- 
serting the  points  in  a diagram  of 
.galvanometer  readings  versus  time. 
Since  then  a Esterline-Angus  re- 
corder has  replaced  the  galvanom- 
eter. These  points  correspond  to 
phosphorescence  intensity  which  is 
a nonlinear  function  of  the  0,  pres- 
sure. The  dependence  of  phospho- 
rescence intensity  on  oxygen  pres- 
sure can  be  determined  by  introduc- 
ing small  quantities  of  oxygen  into 
the  highly  evacuated  apparatus  and 
measuring  their  pressure  by  means 
of  a McLeod  gauge.  The  quenching 
efficiency  of  oxygen  of  a given  par- 
tial pressure  is  practically  unaf- 
fected by  the  presence  of  nitrogen. 
Fig.  3 shows  a calibration  curve. 

Operating  Technique 

When  not  used  for  actual  meas- 
urements, the  phosphor  was  always 
kept  in  the  dark.  Under  these  con- 
ditions it  could  be  used  during 
many  weeks.  If,  after  a lapae  0 


20  Ve»ey  S»,  New  York  7,  New  York  2017  Grand  Ava,  Kansas  City  8,  Mo. 
•5  L Gay  Sr,  CoWmbva,  Ohio  1212  Camp  Si,  Dallas  2,  Taxes 

600  S.  Michigan  Ava,  Chicago  5,  IIL  378  Boulevard  N.  E,  Atlanta,  Go. 
1213  Honaon  Pt,  Minneapolis  3,  Minn.  4018  Greer  Ava,  S*.  look.  Mo. 


. STATIC  METHOD 
. FLOW  METHOO 


1 526  Ivy  St,  Denver,  Colo. 

4214  Coentry  Club  Dr,  Long  Beach7,Col 
Export  Div,  89  Broad  St,  N.  Y.  4.  N.  Y. 
50  Yarmouth  Rd,  Toronto,  Canada 


Fig.  3 — Data  horn  tht  pWwwwW 
la  converted  Iron  laminate""., 

Hal  pressure  of  oxygon  by 

carres  similar  to  ihi*  ont 

time,  it  began  to  be  less  active.  ^be 
height  of  the  whole  phosphoric  P* 
with  respect  to  the  pb°3ph°r  d 
be  altered  by  a few  millimeters, » 
a fresh  spot  of  the  phosphor 
again  the  former  maximum  P 

"TS.  with  a. 

formed  a part  of  a system  w 

'•ould  be  either  connected  toa  ^ 

fusion  pump  or  be  flushe  Mrting 
or  some  other  gas  transporting 

small  amounts  of  oxygen.  be 
vapor  in  the  carrier  gas  m 
frozen  out  in  a trap  cooled  " 
liquid  nitrogen  before  th^ 
reaches  the  phosphor. 

^SaCW-a^ONlCS 


Digitized  by ' 


ADVERTISEMENT 


SYLVANIA  NEWS 

Electronic  Equipment  Edition 


DEC.  Published  by  SYLVANIA  ELECTRIC  PRODUCTS  INC.,  Emporium,  Pa.  1945 

NEW,  SENSATIONALLY  SMALL  SYLVANIA  TUBE 
WILL  PERMIT  RADIOS  OF  CIGARETTE-PACK  SIZE 


Fuze -Type  Tube  Adaptable  To  All  Battery  Sets 


Sylvania  Electric  announces  a revolu- 
tionary new  radio  tube,  the  size  of  a 
peanut,  which  is  as  significant  to  the 
development  of  sets  as  the  famous 
Sylvania  Lock-In  Tube. 

Originally  designed  as  the  T-3  fuze- 
type  tube,  this  tiny  electronic  unit  is 
the  commercial  version  of  the  radio 
proximity  fuze  tube  developed  by 
Sylvania.  These  tubes  are  being  made 


in  low -drain  filament  types.  They 
have  long  life  and  are  so  rugged  that 
they  won’t  break  when  dropped.  Their 
low-drain  characteristics  take  advan- 
tage of  a new  miniature  battery  de- 
veloped during  the  war  — permitting 
the  design  of  radios  ranging  from  the 
size  of  a package  of  cigarettes  up  to 
a deluxe  farm  receiver. 

The  new,  tiny,  complete  electronic 


unit  will  provide  electrically  and  me- 
chanically superior  features  similar  to 
the  Sylvania  Lock-In  Tube.  Since  the 
T-3  type  of  tube  was  originally  de- 
signed to  withstand  the  shock  of 
travelling  inside  a spinning  artillery 
shell,  it  will  be  even  more  rugged 
than  the  Lock-In,  which  has  become 
known  for  its  superiority  for  all  types 
of  sets. 


SYLVAN  IA-V'ELECTRI  C 


Emporium,  Pa. 

WU.  OF  RADIO  TUBES:  CATHODE  RAY  TUBES;  ELECTRONIC  DEVICES;  FLUORESCENT  LAMPS,  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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The  Ion?  awaited  competition  for  civilian  markets 
is  here!  The  race  for  the  customer's  dollar  will  be  run 
on  the  intrinsic  merit  of  your  merchandise.  The  orders 
will  90  to  producers  who  have  the  goods — not  only 
in  quantity  but  in  qualify. 

One  focal  point  of  product  superiority  in  mechanical  or  electrical 
devices  is  springs — usually  hidden  from  the  naked  eye,  but  always 
a vital  factor  in  performance  and  service  life.  One  small  spring, 
of  trifling  cost  may  actually  make  or  break  your  product  See  to 
it  that  your  springs  are  RELIABLE. 

Reliable  makes  finer  springs,  stampings,  and  wire  forms  for  all 
purposes,  of  all  materials,  of  almost  every  type  and  design.  Our 
competent  engineers  gladly  cooperate  in  designing  or  re-designing 
your  springs  to  work  better,  last  longer,  and  often  to  cost  less. 
Our  executives,  personally,  are  here  to  give  you  individual,  con- 
scientious attention.  Our  entire  organisation  is  in  top  shape  to 
see  that  no  spring  problem  is  permitted  to  delay  the  readiness  of 
your  product  for  the  market  Consult  Reliable  now. 

Reliable  Catalog  seat  on  request. 

THE  RELIABLE  SPRING  & WIRE  FORMS  CO. 

31*7  M*m  IS.,  ClmM  4,  Ofcl*  • Kmprat hMIhi  Is  Prlacfpaf  CM«» 


YOU  CAN  RELY  ON 


wutmwti 


)iwqs 

CLIPS  HOOKS  * BENDS 

LIGHT  STAMPINGS 
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gas  itself,  e.g.  N,  or  ff*  must  be  of 
the  very  highest  purity. 

The  method  loses  its  sensitivity 
with  increasing  oxygen  pressure; 
at  pressures  above  10'*  mm  the  phos- 
phorescence is  already  quenched  so 
much  that  a further  increase  in 
oxygen  concentration  has  only  a 
relatively  small  effect 

The  quantity  of  oxygen  produced 
per  minute  can  be  calculated  from 
the  partial  pressure  of  oxygen 
measured  during  a certain  period 
and  the  rate  of  flow,  which  in  our 
experiments  was  only  3 cc  per  min- 
ute as  controlled  by  a bubble  coun- 
ter. Because  of  this  small  rate 
of  flow,  the  method  becomes  exceed- 
ingly sensitive  as  far  as  the  rate 
of  oxygen  production  is  concerned. 

It  must  be  conceded  that  the 
quenching  of  the  trypaflavine 
phosphorescence  by  oxygen  does 
not  yield  absolute  quantitative 
values  with  an  accuracy  of  more 
than  about  ± 50  percent  if  the 
calibration  curve  is  not  frequently 
controlled,  because  the  sensitivity 
of  the  phosphor  is  not  constant 
However,  in  many  cases  the  order 
of  magnitude  of  the  oxygen  produc- 
tion and  its  relative  changes  during 
a series  of  experiments  will  he  all 
that  is  desired  and,  at  any  rate,  no 
other  method  is  available  that  could 
yield  similar  results  with  compar- 
able ease  and  in  as  short  a time. 
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Low  Frequency 
Multivibrators 


By  Carl  J. 

Signal  Corpi 

The  lowest  frequency  at  pto'11 
a multivibrator  will  operate  is  e 
termined  by  capacitor  leakage- 
determine  the  stability  of  such  lo* 
frequency  circuits  and  their  o • 
possible  frequency,  an  invert** 
using  standard  parts  selected 
random  was  conducted. 

Batic  Circuit 

A simple  free-running 

brator  shown  in  the  acc0*?p*,tart- 
used  as  the  stari 


Deccmbar  1945  — ELECT*0^ 


Digitized  by  LnOOQle 


TYPE  566  A 
0.5-150  Me 
Accuracy:  2 — 3% 
$45 


TYPE  758- A 
55-400  Me 
Accuracy: 
2%,  $28 


TYPE  724  A 0.016  — 50  Me 
Accuracy:  0.25  — 1%,  $190 


T WAVEMETERS  for 

the  Entire  Communications  Spectrum 


• Simple,  tuned-circuit  wavemeters, 
either  with  or  without  resonance  indi- 
cators, always  will  find  wide  applica- 
tion in  the  laboratory.  Direct  reading, 
compact,  lightweight,  rugged,  easy  to 
use,  and  with  accuracy  more  than  am- 
ple for  many  uses,  these  meters  effec- 
tively supplement  the  highly  accu- 
rate heterodyne  frequency  meter  for 
many  types  of  measurement. 

Wavemeters  will  always  be  useful 
for  approximate  measurements  of 
coil  ranges,  oscillator  spans,  prelimi- 
nary lining  up  of  transmitters,  lo- 
cating and  naming  harmonics  in 
either  the  receiver  or  the  transmitter, 
and  for  general  experimental  work. 

For  almost  thirty  years  General 
Radio  Company  has  pioneered  in  the 
design  and  manufacture  of  accurate 
wavemeters.  General  Radio’s  fre- 
quency measurement  program,  which 


has  resulted  in  the  finest  primary 
standard  of  frequency  to  be  obtained 
anywhere,  has  always  had  as  a con- 
current project  the  development  of  a 
line  of  wavemeters  to  cover  as  much 
of  the  useful  radio  spectrum  as  the 
art  required. 

The  four  instruments  depicted 
cover  the  entire  frequency  range 
from  16  kc  to  1,200  Me.  All  of  these 
meters  are  calibrated  in  our  Calibra- 
tion Laboratory  in  terms  of  the  G-R 
Primary  Standard  of  Frequency.  All 
are  built  to  the  same  standard  of  G-R 
quality  as  is  found  in  the  most  pre- 
cise frequency  measuring  assembly 
we  manufacture. 

G-R  wavemeters  are  correctly  de- 
signed, skillfully  engineered,  care- 
fully manufactured  and  accurately 
calibrated.  Write  for  detailed  infor- 
mation. 


This  is  the  latest  addition  to 
the  G-R  wavemeter  line,  with 
a butterfly-type  tuned  circuit  in 
which  the  capacitativc  and  in- 
ductive elements  are  built  in- 
tegrally and  tuning  is  effected 
by  simultaneously  varying  both. 
The  rectifier  is  a sensitive  and 
rugged  silicon  crystal  detector 
with  a microammeter  for  reso- 
nance indication.  The  scale  on 
the  frequency  indicator  drum 
is  9 inches  long.  The  tuning 
unit  and  indicating  meter  are 
mounted  in  a plastic  housing 
which . can  be  held  conven- 
iently in  one  hand.  The  instru- 
ment is  accurate  to  2%  of  the 
indicated  frequency.  Price:  $65 


GENERAL  RADIO  COMPANY  I 

90  West  St..  New  York  6 920  S.  Michigan  Aye.,  Chicago  5 1000  N.  Seward  St„  Los  Angeles  38 
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[ multivibrator 


(contiaotd) 


Thf  many  specialized  Permofiux  designs  and  engineer- 
ing developments  that  have  so  notably  demonstrated 
their  superiority  in  wartime  applications  are  avail- 
able to  improve  the  performance  of  your  peacetime 
products.  Why  not  consult  specifically  with  our 
representative  on  your  own  problem? 

PERM#FU1X 

PERMOFLUX  CORPORATION 
4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 


ing  point.  Disregarding  for  the 
present  the  capacitor  leakage  resist- 
ance shown  dashed,  the  duration  of 
a cycle  is  expressed  by  T = Rm  ■ C, 
Rot  * Ctt  if  Ro l * Rn  * Rn/  (Rn  + Rn) 
and  Rot>Rn-  Rn  (Rn  + Rn)  where 
Rn  and  Rn  are  the  d-c  resistance 
of  V,  and  V,  respectively.  If  re- 
sistances are  given  in  megohms  and 
capacitances  in  microfarads,  the 
period  will  be  in  seconds. 

Because  these  conditions  are  usu- 
ally satisfied  in  multivibrators,  this 
order  of  magnitude  equation  can  be 
used.  As  will  be  shown  later,  re- 
sults calculated  by  this  equation 
will  not  always  be  accurate,  but 
for  the  purpose  of  this  discussion 
they  will  be  close  enough. 

Multivibrator  Operation 

To  illustrate  the  manner  in  which 
the  leakage  of  the  coupling  capaci- 
tors limits  the  lowest  frequency  of 
operation,  the  function  of  the  cir- 
cuit is  reviewed.  An  increase  of 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 
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In  the  multivibrator  uwd 
the  lowest  IrMuency  of 
resistors  were  fb.olli  ®««^“a 
leakage  of  the  capacitor.  ^ 
farm  their  function 

current  in  V,  lowers  its  plate 
age.  This  reduction  m 
age  is  coupled  through  t,  w 
grid  of  V,  thereby  reducing  t 
rent  in  V,  and  causing  an 

in  the  plate  voitage  wb.ch 

is  coupled  to  the  grid  of  ^th^^ 

C,  causing  the  plate  c of 

to  further  increase.  This  ^ 
events  continues  until  . 

at  which  time  V,  wil  be  short 

a large  plate  current.  AJ^ 

time  compared  to  ^ 

cycle  is  required  for  ^ ^ jn 

The  effect  is  » sudd“  foil 
voltage  across  U Iru 

to* 
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Your  new  product  will  perform  better  and 
have  additional  sales  appeal  . . . with  a 
dependable  motor 


motor 


l modern,  scientifically  engineered  motor, 
uch  as  any  one  of  many  different  sizes  and 
ryles  made  by  Oster,  is  of  prime  importance  in 
laking  your  product  perform  satisfactorily. 

The  model  E-8  Oster  Motor  illustrated  above 
ives  you  the  advantages  of  light  weight,  com- 
actness,  and  dependable,  trouble-free  perform- 
nce.  Here  are  the  details: 

HOUSING  — Die  cast,  open  or  totally  enclosed. 
FINISH  — Black,  baked  enamel. 

BEARINGS  — Single  or  shielded  ball  bearings,  or 
sleeve  bearings. 


BRUSHES  — Furnished  with  metal  graphite  or 
electro  graphite  brushes  of  ample  size  to  assure 
unusually  long  brush  life.  Phosphor  bronze  or 
beryllium  copper  brush  springs. 

WINDINGS  — Available  for  operation  on  12,  24 
or  1 15  volts,  in  shunt,  series,  and  split  series  types. 

MOUNTINGS  — Available  for  either  base  or  flange 
mounting. 

MODIFICATIONS  — Motors  can  be  furnished  with 
special  shaft  extensions,  finishes,  leads,  etc. 
Motors  can  also  be  furnished  for  operation  in 
high  ambient  temperatures  and  high  altitudes. 

All  ratings  and  data  are  approximate. 

Let  us  help  you  fit  this  and  other  famous 
Oster  Motors  to  your  requirements. 


John  Oster  Manufacturing  Co. 


M-29 
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Piloii  depend  on  BtCO 


Here  is  the  ERC O FUGHT  MODEL  60  Transmitter-Receiver 
installed  in  the  Fairchild  24  of  Sperry  Gyroscope  Co. 

This  custom  built  equipment  is  of  special  design  to  meet  rigid  specifica- 
tions of  engineering  and  symmetry.  It  marks  one  of  a series  of  cus- 
tomized FLIGHT  MODELS  by  ERCO. 

The  illustrated  Flight  Model  dual  unit  is  designed  to  conserve 
panel  space.  All  radio  frequency  circuits  are  in  the  panel 
section.  The  power  supply-modulator  is  a separate  unit  which 
may  be  installed  In  the  baggage  compartment,  under  seat 
or  any  convenient  location.  Receiver  covers  both  the 
weather  band  and  broadcast  band  with  ample  sensi- 
tivity and  optimum  selectivity.  Transmitter  operation  on 
two  pretuned  frequencies,  6210  and  3105  KC,  with 
carrier  power  of  15  and  20  watts  respectively. 

Aircraft  manufacturers,  operators  and  private 
owners  look  to  ERCO  for  satisfaction  in 
flight  communications.  Completely  custom- 
ized service  by  ERCO  Includes  Airport 
Control  Towers  and  all  Airport  installa- 
tions; VHF  Receivers  and  Companion 

Transmitters;  Ground  Station  

equipment  and  antenna  systems.  -/SzDC(f¥^ 
Your  requirement  is  our 
assignment. 


ERCO  RADIO  LABORATORIES  £ 

HEMPSTEAD,  NEW  YORK 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 


plate  supply  voltage  to  a much 
lower  value.  But  this  reduction  in 
voltage  across  C,  cannot  occur  in- 
stantly, thus  the  voltage  drop  across 
Jim  due  to  the  discharging  current 
of  C,  causes  V,  to  go  rapidly  to  cut- 
off and  remain  cut  off  until  the 
discharge  current  becomes  low 
enough  so  that  the  voltage  across 
Jim  is  equal  to  the  cutoff  bias  of 
the  tube,  at  which  time  the  circuit 
will  again  switch  and  cause  V,  to 
become  cut  off  and  V!  to  conduct. 

The  period  during  which  V,  will 
be  at  cut  off  will  be  designated  as 
T,  and  determined  by  the  product 
ffm.Cj.  This  condition  will  hold  true 
if  Jim  is  much  greater  than  the 
parallel  resistance  of  Rn  and  Rn  (as 
mentioned  above)  and  much  less 
than  the  leakage  resistance  of  the 
capacitor  C,  itself.  In  most  low 
frequency  multivibrator?  the  first 
condition  will  be  satisfied  but  the 
second  will  have  to  be  determined 
by  trial  and  error.  Likewise  the 
period  during  which  V.  will  be  at 
cutoff  will  be  designated  as  i, 
and  determined  by  the  product 

Rae.Ce, 

Effect  of  Capacitor  Leakage 

Referring  to  the  illustration,  note 
the  resistance  Ri  and  A which  rep- 
resent the  leakage  resistances 
the  associated  capacitors.  Beau 
means  to  measure  leakage  resist 
ances  of  capacitors  is  not  availed 
to  most  experimenters,  th 
way  one  can  be  sure  whether  thi 
leakage  is  going  to  affect  theoP* 
tion  or  not  is  to  actually r bu.Wthe 
circuit  and  test  it.  A 
combinations  were  tnedand  ft  ^ 
suits  presented  in  Table  I.  I ^ 
combinations  Rn  and  Rn 
meg,  the  plate  supply  to  the 
tube  is  250  volts.  de. 

In  the  first  six  te^  11  & 

cided  to  determine  how  larg 

Iabl.  ~ 

constant  multMbtalws 
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Let  globar 
Temperature- 
Sensitive 
Resistors  • . 


1 Reduce  your  manufacturing  cost 

2 Simplify  your  product 

3 Provide  exceptional  accuracy 

4 Give  you  top  performance 


TEMPERATURE  - DEGREES  CENTRIQADE 


Consult  Sigma 

IF  YOUR  REUY  REQUIREMENTS  ARE: 

PRECISION  — RUGGEDNESS 

SENSITIVITY 


r 
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TYPE  4f 


TYPE  4F 

This  is  the  Series  4 relay  with  open  frame  con- 
struction.'It  is  compact  ( l%"  * I * 1^2 ')• 
fast  (2  - - 3 milliseconds  with  sufficient  power), 
sensitive  (.010  watts  minimum). 


TYPES  4A  AND  4R 

These  are  the  basic  Series  4 construction  with 
enclosures.  The  4A  is  2%"  diameter  and  2 Vis 
high,  the  4R  Vl"  * W * 25/8".  Both  have  a 
5-pin  plug  in  base.  The  4A  can  be  sealed  (4AH). 


TYPE  5F 


TYPE  5F 

This  is  the  Series  5 relay  with  open  frame  con- 
struction. It  is  exceedingly  sensitive  (.0005  watts 
minimum),  very  rugged,  precise  in  operation 
even  Under  extremes  of  temperature  and  vibra- 
tion. 


TYPES  5R  AND  4 (or  5)  RJLB2 
5R  is  the  Series  5 construction  in  an  enclosure- 
(1/4”  * IVj"  x 2J4")  with  a 5-pin  plug  in  base. 
The  RJLB2  is  a hermetically  sealed  enclosure 
with  two  mounting  bolts  available  for  both  the 
Series  4 and  5 relays. 


Sigma  specializes  in  Relay  Applications  where 
precision  of  operation  and  dependability,  under 
any  adverse  condition,  are  essential. 

Sigma,  ...  A recognized  leader  in 
the  Sensitive  relay  field,  offers  YOU  a 
quality  product,  priced  right  and  en- 
gineered to  meet  your  specifications. 

Write  today  explaning  your  requirements. 

Sigmii  lnstruments,iPic. 

relays  — — 


62  CEYLON  ST..  BOSTON  21,  MASS. 
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could  be  made  before  the  leakage 
of  0.5  fit  capacitors  would  affect 
operation.  However,  as  can  be  seen 
from  Table  I,  the  leakage  resistance 
of  the  capacitors  is  much  greater 
than  18  meg  because  the  period  in- 
creases linearly  with  resistance. 

Increasing  the  capacitors  to  1 jd 
with  the  same  grid  resistors  in- 
creased T to  twice  its  previous 
value.  However  increasing  the 
capacitors  to  8 /if  only  increased  T 
five  times  (instead  of  eight),  but 
increasing  the  capacitance  in  the 
next  test  to  16  /if  doubled  the  time 
as  the  equations  predict.  It  should 
be  noted  at  this  point  that  these 
long  time-constant  circuits  are  not 
stable  and  will  vary  as  much  as  30 
percent  over  short  periods  of  time. 

Grid  leaks  were  increased  to  66 
meg.  Tabulated  results  show  that 
T is  approximately  6 minutes  longer 
than  calculated. 

Long  Period  Multivibrator 

At  this  point  it  was  decided  to 
design  a multivibrator  with  » 
period  of  a few  hours.  Assuming 
that  the  capacitors  would  have  s 
leakage  resistance  much  higher 
than  the  resistors,  very  large  re- 
sistances and  capacitances  would 
have  to  be  used.  For  example,  to 
build  a multivibrator  with  at" 
two  hours,  Ro,  and  would  have 
to  be  225  meg  each  if  C,  and  . 
were  16  /if  each.  Because  these  re- 
sistances are  difficult  to  obtain,  i 
was  decided  to  omit  the  grid  re- 
sistors and  rely  on  the  leakage  r 
sistances  of  the  capacitors 
vide  capacitor  discharge  patns. 

The  resulting  circuit  is  very  si 
pie  and  requires  a ™immu®. 
parts.  Results  of  using  var.o« 

^‘torsi"1 £155 

sented  in  Table  II.  Tn 
the  same  plate  supply,  P8 
and  tube  as  that  from  w 'h  the 
date  of  Table  I were  obtained. 

Leakage  Resistance! 

With  Ro . and  Rm 
the  circuit,  it  is  relativ^  « 
to  determine  the  leakage  ^ 
of  the  capacitors.  Bec8Use  ing 

involved  in  charging  or  d,sch  Jo( 

either  capacitor  is  leafelge 

both  capacitance  and  tn  ^ R 

• ***  *" 
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Speer  Graphite  Anodes  help  tube  manufactur- 
ers produce  closely  matched  tubes  that  give 
closely  matched  performance  — because  SPEER 
Graphite  Anodes  defy  warping. 

The  relative  position  of  tube  elements  doesn't 
change  when  SPEER  Graphite  Anodes  are  used, 
and  tube  performance  remains  uniform  through- 
out the  life  of  the  tube.  Because  they  have  a low 
coefficient  of  expansion  and  no  softening  point 
(graphite  sublimes  without  melting  at  3500  C), 
SPEER  Graphite  Anodes  hold  their  shape  at  the 
high  temperatures  encountered  in  the  exhaust 
stage  of  manufacture  and  during  overload  op- 
eration — temperatures  at  which  other  anode 
materials  soften  or  distort. 

SPEER  Anodes  are  made  of  a specially  processed, 


SPEER  GRAPHITE  ANOI 

1 . Increase  allowable  plate  power 

2.  Lower  temperatures  of  associated 

3.  Withstand  severe  overloads 
4. . Defy  warping 

5.  Prevent  hot  spots  or  fused  holes 

6.  Minimize  bulb  darkening  and  insula 

7.  Improve  degassing  qualities 

8.  Decrease  gas  troubles 

9.  Enhance  tube  appearance 

10.  Provide  precise  anode  dimension! 

1 1 . Produce  uniform  tube  characterist 

12.  Retain  original  dimensions  in  serv 

13.  Maintain  normal  tube  characterist 


highly  pure,  heat-dissipating,  homogeneous 
graphite.  They  minimize  envelope  darkening, 
prevent  hot-spots,  improve  degassing  qualities, 
allow  wide  latitude  of  anode  design. 

The  many  advantages  of  SPEER  Graphite  Anodes 
listed  here  are  available  to  manufacturers  and 
users  of  almost  every  type  of  electronic  tube. 
Write  today  forfurther  details, without  obligation. 

■■CHICAGO  • CLEVELAND  • DETROIT 
MILWAUKEE  • NEW  YORK  • PITTSBURGH 


1 4.  Allow  wide  latitude  oj  anode  desi( 
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Tiny  but  essential  arc  screws  and  other 
threaded  members  of  modem  industrial 
assemblies.  Thousands  of  sizes  and  types 
of  screw  machine  products  are  on  the  mar- 
ket for  ready  sale.  Yet  today  sees  some 
new  design  of  instrument  or  machine  in 
which  mechanical  function  must  derive 
from  a screw  ^machine  product  heretofore 
never  known., 

At  this  point  Waltham  Screw  Company, 
its  designers,  its  engineers  and  its  precision 
machines  come  forward  with  the  ability  to 
produce  the  vital  unit,  to  engineer  it  to  ex- 
act specifications  in  whatever  volume  re- 
quired. 

C£hc  wasp,  whose  hexagonal  cell-measure- 
never  varies,  is  Waltham  Screw  Com- 
pany's hall-mark.  It  denotes  utter  preci - 
sioru 


Telephone  Today  Collect 
Waltham  5830 

WALTHAM  SCREW 

COMPANY 

75  Rumford  Ave. 
Waltham,  Mass* 


MULTIVIBRATOR 


(cotitimd) 


be  too  accurate,  but  because  in  prac- 
tical design  of  a very  low-frequency 
multivibrator  it  is  sufficient  to  know 
the  approximate  value  of  leakage 
resistance  of  the  capacitors  to.be 
used,  the  measured  results  shown 
in  Table  II  suffice. 

Although  in  a conventional  multi- 
vibrator designed  for  operation  at 
very  low  frequency  a 0.001  jtf 
capacitor  would  not  be  used,  capaci- 
tors of  this  value  were  checked  to 
determine  how  closely  the  leakage 
o‘f  each  checked  with  the  others. 
As  mentioned  before,  any  long  time- 
constant  circuit  will  vary  consider- 
ably from  cycle  to  cycle,  therefore 
it  was  difficult  to  decide  how  differ- 
ent the  leakage  values  of  these 
capacitors  actually  were.  However, 
readings  were  taken  at  random  and 
the  results  tabulated.  The  period  of 
each  combination  runs  fairly  close 
to  the  others. 

In  test  4 the  0.001  mica  capaci- 
tors were  rated  at  1200  d-c  working 
volts  which  probably  accounts  for 
their  higher  resistance.  In  tests j 
and  6 the  capacitors  were  increased 
five  times  but  T did  not  increase 
five  times  because,  as  it  is  to 
expected,  as  capacitance  increases 
for  the  same  voltage  rating  capaci- 
tors, the  leakage  resistance  e- 
creases.  However,  using  higher 
capacitance  capacitors  increases  Uk 
period  somewhat.  In  test 
0.5  ;if  capacitors  were  rated 
volts  and  were  an  inferior  gr  • 
This  fact  undoubtedly  accoun 
the  much  lower  resistance  o ■ 

units.  All  other  capacitors  *e« 
rated  at  600  volts  and  were  of  g°«> 

^“in  several  of  the  tests  one  capaci- 
tor of  a combination  had I 
greater  leakage  than  the  °*f- 

phenomena  is  to  be  expected  becau  ^ 

any  variation  will  _ appea  ^ ^ 
greater  percent  of  the  p 
it  would  with  smaller  capacitance* 

Practical  Circuit 

With  relatively  smal1 
fairly  low  frequency  multi^  ^ 

can  be  easily  ^ 

grid  resistors.  This  circ 
the  requirement  of  bavin*  * £ 
low  frequency  and  using 
capacitors.  With  two  8.  f ^ 
tors,  a period  of  three  ho 
realized. 

It  may  be  argued  that  a 
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MESSAGE  FOR:- 


Many  manufacturers  now 
use  a uniform  size  and  shape  of  thermostatic 
bimetal  element  in  building  a “line”  of  circuit 
breakers  covering  a range  of  circuit  ratings. 
This  is  made  possible  by  selecting  a type  of 
bimetal  based  on  its  electrical  resistivity.  The 
following  types  cover  a wide  range  of  electrical 
resistivity  values: 


Electrical  Resistivity 
ohms  per  cir.  mil  ft. 


Recommended  Type  of 

Thermostatic  Bimetal 


95 Chace  No.  3300 

125 Chace  No.  6125 

150 Chace  No.  6150 

200 Chace  No.  6200 

300 Chace  No.  6300 

400 Chace  No.  6400 

480 Chace  No.  2400 

o 

650 Chace  No.  6650 

850 Chace  No.  6850 


Chace  makes  35  types  of  thermostatic 'bimetal, 
each  offering  specific  advantages.  Our  en- 
gineering department  trill  gladly  assist  you  in 
selecting  the  type  bimetal  best  suited  to  your 
requirements.  Sold  in  sheets,  strips,  shapes, 
and  sub-assemblies  to  specifications. 


wkCHACEco 

Thermostatic  Bimetals  and  Special  Alloys 
1630  BEMO  AVt  • DETROIT  9.  MICH. 
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brator  in  which  the  grid  resistors 
are  omitted  will  not  be  very  stable 
in  frequency.  This  is  granted,  bat 
it  is  also  true  that  if  a multivibrator 
is  designed  with  a period  of  one 
hour  using  capacitors  of  16  /if  and 
grid  leaks  of  approximately  112 
meg,  it  will  be  no  more  stable  than 
one  using  two  0.1  /if  capacitors 
without  grid  leaks.  In  either  case 
if  we  desire  a very  stable  multi- 
vibrator for  low  frequencies  it  will 
have  to  be  synchronized. 

There  is  a current  path  from  the 
grid  sides  of  the  capacitors  to  the 


Hi 

T, 

r. 

in  megohm* 

In  min  & tic 

145,000 

83,000 

2:25 

1:23 

65,000 

60,000 

105 

101 

95,000 

145,000 

1:35 

2:25 

197,000 

126,000 

3:17 

2:06 

27,600 

24,000 

2:18 

1-00 

20,600 

52,000 

1:43 

4:20 

30,000 

125,000 

500 

10:25 

32,600 

6,350 

54:20 

10.35 

10,080 

1,080 

4200 

4:30 

308 

2,440 

1:17 

10.10 

100 

136 

0:50 

14* 

375 

1,222 

50: 

163: 

990 

562 

132: 

. 75- 

i m p*p*r  irmil*»*d  unit**  oBunnt 

Table  II— Periods  ol  MalUvibralsn  Ddn 
Capacitor  Leakage  Paths 

C,  = C.Type* 

In  lii 

0.001  tubs 
0.001 
0.001 

0.001  mic4 
0.005 
0.005 
0.01 

0.1  tub* 

0.85  tub* 

0.25 
0.5 

8.0  e*n 
8.0 

* All  C8P«cHon 
ititd 

negative  side  of  the  power  supply 
through  the  tube  base  and  socket  If 
the  leakage  of  this  path  is  of  the 
same  order  as  that  of  the  capacitors,  j 
it  has  as  much  to  do  in  determining 
time  constant  as  do  the  capaci  or 

leakages.  , , 

During  measurements  for  Table 
I a change  was  made  from  a baie- 
ite  tube  socket  to  a Steatite  socke 
tnd  no  difference  was  noted. 

• • • 

Modulation  by  Feedback 

By  Robert  C.  Shaw 

Bell  telephone  Labs.'  "f790tf 

Patented  June  26,  1945, 

Modulation  is  accomplished  * 
jontrolling  the  amount  of  M 
feedback.  The  accompany-"*. 
illustrates  the  genera  P i0w- 
The  carrier  is  amplified  - 

Jistortion,  stabilized,  negat.V  ^ 

back  amplifier.  The  loss 
rier  feedback  loop  u 
accordance  with  ® m0  u {eedbKli 
tential  applied  within  th  ^ 
loop,  thereby  producing 
lated  wave  in  the  output  of 
carrier  amplifier.  jgrep- 

Where  the  output  voltage 
resented  by  E,  the  carr 
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w anittd  iffi 
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itiiihotmteiij.- 
ii  dengned  sisiir. 
k"»r  anaj 
frid  lab  d irke 
me*.  ittibstsKi 
on*  using  tu 
w:lbont  jnd  iae  ••.:■ 
if  sc  taimistai 
vibrator  for  lot  !*z' 
hare  to  beijKts* 

UwtiiinnEjc: 
frid  lido  of  tke  act 
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Performance  within 


Look  to  the  Fairchild  non-linear  Potentiometer  for  un- 
excelled accuracy.  War  born  — to  meet  the  never-before-attained 
oecuracy  required  of  T attenuators  in  airborne,  electronic  lead 
computing  gunsights  — it  proved  its  accuracy  in  battle. 

Industry  is  now  offered  the  full  advantages  of  this  war-time 
development.  It  eliminates  intricate,  space-consuming,  expensive 
“'echanicai  cams  and  linkages  and  electrical  units  — used  with 
or  without  linear  potentiometers. 


tance  versus  a maximum  rotation  of  310°  withir 
1 % or  less  at  any  point  on  the  curve  . . . great  i 
reproducing  almost  any  desired  curve  — sine,  cos 
hyperbole,  square-root,  logarithmic  and  special  er 
donships. 

For  further  information  address:  New  York  Offic 
Avenue,  New  York  18;  Plant:  88-06  Van  Wycl 
Jamaica  1,  N.  Y. 


Fairchild's  non-linear  Potentiometer  offers  these  excellent 
design  possibilities:  Small  size  — being  134"  in  diameter, 
25/32'  thick,  with  shaft  diameter  optional,  but  usually  14” 
• ■ • high  linearity  — ability  to  follow  a plotted  curve  of  resis- 
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FEEDBACK  MODULATION 


the  high  frequency  amplifier  is  E„ 
and  the  complex  feedback  factor  is 
/};  the  output  is  given  by  E = 
Ec/(—  p)  provided  ]/ij3|  >>  1.  A 
variation  in  feedback  factor  from 
approximately  22  to  35  db  for  an 
amplifier  having  p = -1,000  re- 
sults in  the  carrier  being  modulated 
67  percent  in  one  particular  appli- 
cation. With  feedbacks  of  this 
order,  the  nonlinearity  introduced 


*7^ 


HIGH-FREQUENCT  CARRIER 
MODULATED  OUTPUT  ~ 


MODULATING  SIGNAL 


Modulation  can  be  introauceu 
series  with  the  grid  bias  of  a vari- 
able p tube  in  the  feedback  1<*>P- 
may  be  desirable  to  introduce  non- 
linearity in  the  modulation  signal 
circuit  to  counteract  nonlin^ 
in  the  modulator  if  HI  isnotnmct 
greater  than  unity. 


D.  C. 

MILLIAMPERES 


I35WSOODCMA 


door  opener 


Burlington  Panel  Instruments  are  designed  and  built  to  give 
dependable  service  with  guaranteed  accuracy.  They  are 
available  in  a complete  line  of  AC  or  DC  Ammeters,  Volt- 
meters, Milliammeters,  and  Microammeters.  The  wide  selection 
of  sizes  and  case  styles  offer  instruments  that  are  ideal  for 
your  particular  application. 

Write  today  for  full  details  — our  engineers  will  recom- 
mend the  precision  Burlington  Instruments  required  to  solve 
your  instrument  problems. 

BURLINGTON  INSTRUMENT  CO. 

/ . 104  Fourth  St.,  BURLINGTON,  IOWA 


PANEL  INSTRUMENTS  • VOLTAGE  REG 
ULATORS  • AUTOMATIC  SYNCHRO- 
NIZERS e FREQUENCY  REGULATORS 
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STANDARD  CRYSTALS 


The  STANDARD  MIDGET  can  save  you  time,  cost,  space,  weight,  and  circuit  losses.  It  is  easy  to  mount,  is  dust 
and  moisture  proof,  corrosion  resistant  and  withstands  severe  vibration. 

There  is  a MIDGET  type  for  your  application;  let  us  know  your  needs. 

Regular  STANDARD  quartz  crystals  are  also  available  to  your  specifications  for  all  uses. 

Send  today  for  our  new  catalogue. 

Standard  Piezo  Company 

Established  1936 

Quartz  Crystals  and  Frequency  Control  Equipment 

Office  and  Development  Laboratory 

ScRurroK,  Pa.  pA.,  P.  0.  Box  164  Cablim.*,  Pa. 

El£CT*0NICS — Dacmto  1941 


Digitized  by 


Google 


363 


NEWS  OF  THE  INDUSTRY 

Commercial  radar  progress;  f-m  receivers;  reports  on 
dielectric  heating  and  wire  recording;  three  lists  of 
agents  for  surplus  electronic  equipment 


CAA  Radar  for  Airways 

AT  a recent  British  Empire  Radio 
for  Civil  Aviation  Conference  held 
in  London  recently,  several  impor- 
tant points  of  agreement  were 
reached  which  indicated  complete 
accord  with  the  Civil  Aeronautics 
Administration  on  standards  of  air- 
ways aids  and  future  developments. 
The  U.  S.  delegation,  headed  by  the 
Honorable  Charles  P.  Taft  and  in- 
cluding representatives  of  the 
Army,  Navy,  Coast  Guard,  Radio 
Technical  Commission  and  CAA, 
was  invited  to  serve  as  observers 
but  stayed  to  become  active  par- 
ticipants in  the  discussions  and  de- 
cisions. 

The  most  important  items  of 
agreement  reached  at  the  conference 
were : 

(1)  The  adoption  of  CAA-devel- 
oped  vhf  static-free  communications 
for  airport  and  approach  control. 
The  frequencies  used  will  be  in  the 
band  118-122  me.  Sufficient  radio- 
frequency channels  have  been  made 
available  to  accommodate  all  air- 


is  Approved  by  British 

on  the  instrument  panel  in  the  cock- 
pit. Voice  communication  which 
provides  weather  and  airway  traffic 
control  information  is  also  obtained 
from  the  same  facility.  Several  hun- 
dred of  these  facilities  are  now  be- 
ing installed  on  federal  airways 
throughout  the  U.  S. 

(3)  Radar  techniques  have  been 
developed  whereby  a simple  instru- 
ment on  the  panel  of  the  airplane 
will  provide  a meter  indication  giv- 
ing the  number  of  miles  to  the  radio 
range  station  or  instrument  landing 
localizer  station  t6  which  the  pilot 
is  flying.  CAA  authorities  regard 
this  instrument  as  the  most  im- 
portant use  of  radar  in  the  cockpit 
to  come  out  of  the  war. 

(4)  Use  of  radar  search  device 
to  aid  tower  operators  to  monitor 
planes  doing  instrument  approaches 
and  to  help  in  emergencies  where 
plane  equipment  is  not  functioning 
or  where  the  plane  is  not  equipped 
with  proper  instruments.  This  is 
considered  the  most  important 


ground  application  to  come  out  o f 
the  war. 

(6)  Adoption  of  CAA  three-ele- 
ment landing  system  consisting  of 
glide  path,  localizer,  and  marker 
beacon. 


Electronic  Weapons 

TO  CONTINUE  RESEARCH  and  de-  | 

velopment  of  weapons  like  the  prox- 
imity fuze,  Army  Ordnance  has 
selected  the  National  Bureau  of 
Standards  to  establish  such  activi- 
ties on  a permanent  basis.  Several 
other  devices  have  been  in  the  works 
but  details  have  not  been  revealed 
Not  only  will  the  bureau  stud; 
the  application  of  new  scientific 
knowledge  to  war  uses  but  it  will 
also  undertake  to  study  peacetin* 
uses  for  the  knowledge  gained  it 
development  of  weapons.  Located 
in  a half-million  dollar  laboratory 
scheduled  to  be  finished  this  year, 
the  activities  will  center  in  the 
Ordnance  Development  Divisict 
headed  by  Harry  Diamond.  Several 
hundred  physicists,  engineers,  aad 
technicians  will  constitute  the  sW 
set  up  to  draw  upon  the  facia® 
and  experience  of  the  entire  • 
tional  Bureau  of  Standards. 


International  RMA 

Mutual  problems  were  discussed al 
the  Second  Joint  Conference  heM 
recently  between  the  U.  S.  an 


ports  so  that  there  will  be  no  inter- 
ference between  airport  traffic  con- 
trol stations.  At  present,  only  278 
kc  is  available  for  airport  traffic 
control,  whereas  the  vhf  band  will 
permit  20  channels  to  be  used  for 
this  purpose.  It  was  agreed  that 
radiotelephone  should  be  used  in 
lieu  of  radiotelegraphy,  thus  speed- 
ing up  operation  of  traffic  in  -close 
proximity  to  terminal  airports. 

(2)  .The  vhf  two-course  visual 
radio  range  developed  by  CAA  was 
adopted  as  the  primary  short-range 
navigation  device.  This  type  of 
range  produces  two  visual  courses 
at  180  degrees  which  may  be  pro- 
jected along  an  airway.  Sector 
identification  is  also  provided  which 
advises  the  pilot  of  his  position  rela- 
tive to  the  station  and  whether  he 
is  approaching  or  leaving  the  sta- 
tion. The  course  indications  are 
shown  on  a right-left  instrument 
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NEW!  LAVOIE  Fixed -Frequency 
Receiver  for  Applications  Over  100  MC’s 

^••igned  lor  communications  between  air*  bodies  new.  high-efflclency  harmonic  gen* 
^oe  and  land;  forestry  service,  police  erator.  Suitable  for  any  frequency  between 


u;k'  Are.  relay  networks  and  other  serv* 
operating  at  these  frequencies. 


100  and  3000  megacycles  CUSTOM-BUILT 
to  your  requirements. 


In  writing  for  quotations  and  details,  please 
'r7*tal-controlled  oscillator  circuit  em-  state  general  nature  of  service  Intended. 


OTHER  LAVOIE  PRODUCTS:  Fnqvmncy 
Mate* — Fnqtnacf  Standard* — Jterirm 
— Traa«jnJJf»r»  — Ant*  ana*  and  ■ Mount*. 


SADIO  BNCBNSnS  AND  MANUTACTUIBS 
MOBGANVILLE,  N.  J. 


tcialists  in  The  Development  of  UHF  Equipment 

and  in  The  Manufacture  of  UHF  Antennas 
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In  Electronics  "Quality"  is  vital!  A 

lowering  of.  "Quality"  in  any  integral 
unit  means  shorter  life  and  poor  per- 
formance. 


In  close  assembly  and  confined 
spaces,  or  where  extremities  of  heat 
and  cold  reaction  occur,  the  demand 
for  a positive,  lasting  solder  bond  is 
imperative. 

For  that  extra  quality  so  essential  to 
your  capacitors,  resistors,  transform- 
ers, relays  etc.  use  Glaser  Rosin  Core 
Solder — it  is  your  guarantee  of 
dependable  service. 

Electronic  Engineers  and  Tech- 
nicians appreciate  the  fine  quality  of 
Glaser  Solders  and  Fluxes — the  result 
of  metallurgical  research  extending 
over  a period  of  twenty-three  years. 

Use  Glaser  Solders  and  you  II  under- 
stand why  so  many  leading  solder  users 
in  the  field  of  electronics  and  radio 
speak  of  them  in  terms  of  the  highest 
praise. 


OTHER 

GLASER 

PRODUCTS 


Silver  Brood  eg 
Solder  aed  Hex 


Flexes  for 
every  perpose. 

lead  Products  of 
every  description. 

Lead  Lining  of  add 
and  plating  tanks. 


Glaser  Rosla  Cora 
Solders  exceed  gov- 
ernmoat  specifica- 
tions la  parity,  aad 
are  guaranteed  to 
meet  A.S.T.M.  Class 
A specifications  for 
solder. 


Coe  so  It  oer  Engineering  Department  on  year  soldering 
and  Bax  problems,  withoet  obligation. 


GLASER  LEAD  CO.,  INC. 

31  Wyck.ff  Avene,  Ireoklye  37.  N.  Y. 

OUR  23RD  YEAR  OF  PEPENPA11E  SERVICE  TO  AMERICAN  INDUSTRIES 
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R.  C.  Cosgrove  explain,  as  outside  loo, 
to  associates  bom  American  aid  Co 
nadlan  BMA's  at  By*.  N.  T.  Oflun  on 
A.  B.  Oxley,  Montreal;  R.  A.  BackbaL 
Toronto;  R.  M.  Brophy.  president  ol  4o 

Canadian  association;  Bond  Gedde 


Chester  Country  Club,  Rye,  N.  T, 
the  meeting  featured  a luncheon 
and  a reception  at  both  of  wbitl 
prominent  people  from  the  radio 
industries  of  the  two  countries  be- 
came better  acquainted  as  shown  it 
the  accompanying  illustrations. 


Experimental  Radar  Licenses 

A LIMITED  number  of  experiment 
Class  2 licenses  will  be  issued  bj 
FCC  for  compilation  of  data  01 
operation  of  navigational  radar  de- 
vices — particularly  informal 
which  might  be  useful  in  form* 
ing  regulations  governing  the  op- 
eration of  radar  stations. 

Channels  have  been  designs^ 
above  25  me  specifically  for  raw 
aids  to  navigation  but  they  are !« 
ject  to  change  or  modification 
cesaitated  by  the  results  of  the  *; 

World  Telecommunications  W 

ence.  Applicants  are  being  cautioned 


few  F-M  Circuit 

osts  FOR  f-m  receivers  aw  * 
rought  into  line  with  those  .t 
ets  as  a result  of  * ne  o( 
evealed  by  Stuart  ' t Ne* 
LCA  Laboratories  at  a rece 

'ork  section  n«etmg  of  nter[er. 

Insensitive  to  elec' trica. 
nee  of  all  kinds,  the  ne  ^ ^ 
ratio  detector.  Not  onl>  ^ 

f a critical  threshold 

mt  its  use  in  a receiv  ^ 
he  need  for  special  noise  W ^ 
ion  stages 

ireased  costs  of  f-»  tanaibie  t'1 

mt  adding  anything  ti»g® 

;heir  operation.  &niiounceii 

It  was  simultaneously  aw 
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KLIXON  Snap-Acting  CONTROLS 


RING  THE  BELL 

for  reliable  control  or  protection 


T rpe  PM  (NAI-1131)  Circuit 
Breaker. 


SS?M,3^Con“,>b 


TjP*.  220  Precision  Snap 

mVolu2^*-  30  Vol“  DC- 
ELECTRONICS — Oeremher  194$ 


Because  Klixon  Snap- 
Acting  Controls  are  simple,  and  foolproof 
with  no  complicated  operating  mechanisms, 
they  always  provide  accurate  control  or  pro- 
tection in  every  application.  Small,  light- 
weight, compact,  they  fit  into  products  with- 
out complicated  design  alterations.  They  op- 
erate surely  and  dependably  even  under 
shock,  vibration,  motion  or  altitude. 

Use  Klixon  Controls  in  such  applications  as 
motor  and  transformer  overheat  protection, 
electrical  circuit  overload  protection,  thermal  , 
time  delay  or  temperature  control  for  radio 
equipment. 

Klixon  Controls  are  available  in  a wide 
range  of  standard  types  with  ratings  to  meet 
practically  every  requirement.  Write  for  com- 
plete information.  And  if  you  need  engineer- 
ing assistance,  our  engineers  are  available  for 
consultation  on  your  specific  problems. 

SPINCII  THIRMOSTAT  CO.,  ATTIIRORO,  MASS. 


Type  RT  Thermostat  Adjustable 
Temperature  Cootroi. 


Type  B-3120  Thermostat  and 
Heater,  Crystal  Dew  Point  Con* 


Digitized  by ' 


1 


CRYSTAL  CLEAR  RECEIVERS 


EADY: 

PAN-EL 

CRYSTALS 


ELECTRONIC  ENGINEERS  now  developing  circuit*  for  domes- 
tic receivers,  or  any  other  devices  in  which  precise  frequency- 
control  is  essential,  will  find  helpful  collaboration  here.  We  are 
quantity  producers  of  the  most  difficult  crystals,  and  can  meet 

your  specifications  as  to  frequency,  quantity  and  delivery  date. 

P A N ” E L e c I r o n i c s L A B o r a t o r i e s,  Inc. 
500  SPRING  STREET,  N.  W.  ATLANTA,  GEORGIA 
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by  RCA  Victor  division  of  RCA  t 
the  development  would  be  emb 
in  future  models  of  f-m  reedvi 
produced  by  the  company. 


Radar  Specifications 

THREE  types  of  radar  are  coi 
in  specification  briefs  sent  by  4J 
U.  S.  Coast  Guard  to  makers  i 
electronic  gear.  The  types  are  i 
nated  A,  B,  and  C.  Class  A is  I 
highest-definition  equipment 
able  of  giving  early  warning^ 
approaching  vessels  and  the 
navigational  assistance  co-ordin 
with  racon  (radar  control  of  i 
gation)  and  identification 
Class  >B  will  have  less  resohl 
and  will  operate  only  with  J 
identification  beacons,  while  <r 
C will  comprise  that  equipment! 
such  low  resolution  that  it  can  i 
only  as  anti-collision  gear. 

RMA  Divisions 

Speaker  manufacturers 
RMA  have  been  transferred  1 
the  amplifier  and  sound  equip 
division  to  the  parts  division  a 
a new  speaker  section  has 
established.  Its  chairman  is  W 
R.  Haase,  Operadio  Co.  A | 
speaker  parts  section  has  ) 
started  in  the  same  division  M 
A.  D.  Plamondon  Jr.,  Indiana  “ 
Products  Co.,  as  chairman. 

In  the  transmitter  division^ 
following  section  chairmen  R 
been  appointed:  transmit  r 
section,  E.  H.  Fritsehel, 
Electric  Co.,  Schenectady jbr 
transmitter  section,  C.  W. 
Westinghouse  Electric  Corp-. 
sore,  reappointed;  manne  « 
l.  E.  Samuelson,  HaUicrafttfM 
Chicago;  aviation  section,  *■  . , 
dullen,  Western  Electric  Oh* 
fork;  emergency  service^ 
:ations  section,  H.  F.  1 „ , 

fictor  Division,  Camden,  • 
fiezoelectric  quartz  crystal  e— 
George  E.  Wright,  Bliley 
Ho.,  Erie,  Pa.,  reappomtea. 

FCC  Against  Interfere*^ 

RULES  AND  REGULATIONS  are 

;onsidered 

FCC  to  govern  the  desiga 
eration  of  gear  utiilz‘"*  ' , 

for  non-communication 

Medical  diathermy  , 

heating  equipment 

D«~b.'  '»«'ELE< 
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1 JL  fter  several  years  of  research  we  are  "pleased  to 
announce  to  our  many  friends  and  customers  the  com 
pletion  of  our  Selenium  rectifier  development  program 

We  are  proud  to  present  H SeletrOll  H an  extremely 
highly  stable  selenium  rectifier  incorporating  a metal  alloy 
in  conjunction  with  aluminum  plates. 

We  are  ready  to  accept  orders  for  units  up  to  1000 
ampere  capacity  with  excellent  delivery  schedules.  Your 
immediate  inquiries  for  selenium  rectifiers  are  solicited. 

Literature  upon  request 
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TYPE  “FB” 

-MIDGET- 

PRECISION  FRACTIONAL  HORSEPOWER 

MOTORS  and  GENERATORS 

Type  FB  units  are  newly  engineered  to  meet  most  exacting 
requirements  for  fractional  horsepower  motors  and  gen- 
erators. Available  as  D.C.  permanent-magnet  generators 
or  motors,  D.C  shunt-wound,  series-wound  or  split-field 
motors.  D.C.  motors  can  be  wound  to  operate  on  voltages 
from  6 to  115  v.  Also  available  in  A.C.  types  as  perma- 
nent-magnet generator  wound  to  generate  2-pole  single 
phase,  2 phase  or  3 phase;  as  A.C.  series  motor  with  power 
supply  up  to  115  v.,  60  cycles,  single  phase;  also  as  uni- 
versal series  motor  up  to  115  v.  Efficiency  of  motors  as 
high  as  45-60%  on  some  applications. 

Stainless  steel  shafts,  aluminum  die-cast  housing  finished 
in  baked  enamel.  Overall  dimensions  4"  long  (exclusive 
of  shaft)  by  21^"  over  flange.  Designed  for  either  base 
or  flange  mounting.  Weight  from  26  to  32  02.  according 
to  type. 

Complete  performance  data  available  on  request. 

ELECTRIC  INDICATOR  COMPANY 

109  PARKER  AVE.  • STAMFORD,  CONN. 
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primary  target  because  the;  create 
serious  interference  particularly  in 
congested  city  areas. 

The  commission  has  also  an- 
nounced its  readiness  to  test  for 
type  approval,  diathermy  units  de- 
signed to  operate  within  the  three 
frequency  bands  set  aside  for  the 
purpose. 

Industry  Quadrupled 

Because  the  radio  industry  has 
grown  to  four  times  its  sire  beta 
the  war  it  could  satisfy  the  mos 
extensive  estimates  of  consumer  de- 
mand within  a year,  believes  Jams 
J.  Nance,  vice-president  of  Zenith 
Radio  Corp.  Speaking  before  the 
Sales  Executives  Club  in  New  Yuri 
recently  he  put  the  immediate  free- 
ing demand  for  receivers  at  > 
million  and  mentioned  a normal  em- 
placement demand  of  25  to  • 
million.  Production  in  the  lastfn- 
war  year  was  14  million. 

Snowbound  Engineer* 

ATOP  THE  11,486  ft.  Mount  to 
gonio  in  Southern  California* 
winter,  engineers  from . 

Mfg.  Co.  will  operate  equipments' 
testing  the  feasibility  of  pernu** 
tele  and  radio  relay  stations** 
Suitable  buildings  have  been  erew- 
and  the  party  will  hole  up  f«  ■ 
season,  supplied  with  the  nett- 
ties  of  life  by  packhorse. 


dectrics  at  Cedar  Rapid* 

A recent  meeting  the  *#»' 

ids  Section  of  IRE  beard*  ‘ 
d,  General  Radio  Co.,  pro®1 

er  titled,  The  Behavior  of  ^ 
tries  Over  Wide  Ranges 

ucy,  Temperature,  and^  ^ 
Accompanying  his»* 
es,  Mr.  Field  outlmed^e  ^ 
cal  and  mathematical^ 
subject,  and  demonstrated  » 
1 behavior  can  be  pred  , , <(.i 
t approximation  when  only 
ameters  are  known.  ^ 
fhile  it  might  be  said  ^ ^ 
the  temperature  inc^,ti:C 
ectric  constant  and  ,b; 

tor,  Mr.  Field 

-ect  statement  is  that  ne^ 

temperature  moves  f , 

ily  up  the  frequency  I(J 

one  temperature,  a c rv  ^ 
inst  frequency  rev^« 
ection  point  of  al  tk« 

ectric  constant  occur 


Digitized  by  LzsOOQle 


BLUE  BOOK  OF 
AMERICAN  INDUSTRY 


GET  out  your  directory  of  manufacturers  . . . 
check  with  any  credit  rating  service  . . . and 
you’ll  discover  more  leading  industries  with  head- 
quarters—or  branches— in  Southern  New  England 
than  in  any  other  part  of  the  country. 

For  example,  while  you  probably  associate  the  name 
of  General  Electric  with  Schenectady,  General  Elec- 
tric also  has  large  plants  here  in  Massachusetts.  So 
have  Cluett,  Peabody;  Westinghouse;  Pullman. 

As  for  American  Optical,  Simonds  saws,  Whitney 
carriages,  American  Woolen,  Pro-phy-lac-tic  brush- 
es, M.  J.  Whittall  rugs,  and  many  more  . . . they 
were  native  born. 

These  manufacturers  did  not  pick  Southern  New 
England  by  chance. 

They  chose  Southern  New  England  because  it  was 
the  most  highly-industrialized  area  in  the  whole 
United  States  . . . and  always  has  been. 

Also,  because  Southern  New  England  is  in  the  heart 
of  the  great  mass  of  America’s  consuming  public. 

Inside  a radius  of  500  miles  from  the  center  of 
Southern  New  England  are  58,000,000  people  to  use 
Southern  New  England’s  consumer  goods  and  her 
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vast  output  of  producer  commodities  . . . the  parts 
and  tools  upon  which  other  industries  depend  to 
keep  going. 

And  through  her  great  seaports.  Southern  New 
England  is  only  a step  away  from  tidewater  and 
easy  access  to  the  foreign  markets  that  will  develop 
now  that  the  world  is  again  at  peace. 

If  your  postwar  plans  are  still  in  a state  of  flux, 
think  hard  about  Southern  New  England  ...  a 
great  place  to  promote  your  new  or  expanding  busi- 
ness . . . and  a great  place  to  live  and  play,  too. 

* * * 

A full-color  booklet  is  yours  for  the  asking:  "South- 
ern New  England  For  Tomorrow’s  Industry”.  Get 
your  copy  by  writing  to  P.  E.  Benjamin,  Manager  of 
Industrial  Development,  The  New  Haven  Railroad, 
80  Federal  Street,  Boston  10,  Massachusetts. 

This  is  one  of  a series  of  advertisements  presenting 
the  industrial  advantages  of  Southern  New  England. 

™ New  Haven  »» 

Serving  SOUTHERN  NEW  ENGLAND  with  a network  of  rail 
and  highway  transportation  that  puts  every  manufacturer 
"ON  THE  MAIN  LINE". 
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PICKUPS 

• Astatic’s  increased  manu- 
facturing facilities  are  being  taxed  to  capacity  to 
meet  the  ever-increasing  demand  for  Astatic  Phono- 
graph Pickups.  Higher  fidelity  of  recorded  sound, 
made  possible  by  low  stylus  pressure,  offset  head, 
reduced  record  wear,  lower  tracking  error  and  ether 
characteristics,  make  Astatic  Phonograph  Pickups 
favorites  with  a majority  of  leading  manufacturers 
of  phonographs,  radio-phonograph  combinations, 
record-changers  and  play-back  equipment. 


"ron'll  HEAR  MORE 
from  Astatic" 


same  frequency  at  which  the  dissi- 
pation factor  is  a maximum. 

A frequency  range  of  sixteen  dec- 
ades will  show  that  more  than  one 
such  inflection  point  can  occur.  Dif- 
ferent types  of  polarization  are  the 
explanation  for  this  phenomenon, 
dipole  polarization  existing  above  1 
me,  and  interfacial  polarization  at 
frequencies  below  1 cps. 

A plot  of  dielectric  constant  vs 
frequency  for  different  tempera- 
tures reveals  that  there  is  no  single 
dielectric  with  a zero  temperature 
coefficient  of  dielectric  constant  and 
that  no  combination  of  dielectrics 
can  yield  a zero  coefficient  over 


During  a r.ont  IBS  mwtlrw  b «• 
Rapid!  thii  group  of  Non 
Iron.  Iowa  Seal.  Colin.  ■ 

whilo  Collini  Radio  Co.  mow* 
Donalf  Jonkini  domonitrabd  « 
municatloni  MmnnlHor 

a sufficiently  extended  f requeue 
range.  The  temperature  coefficM 
is  negative  at  high  and  low  h 
quencies,  positive  in  the 
region,  and  zero  where  the  curves 

cross-  • u till- 

Placing  a dielectric  m high 
midity  causes  the  formation 
ionized  conducting  film  0 
the  surface.  The  surface 
quickly  drops  to  only _ a s 
tion  of  its  dry  value.  If  the 
is  porous,  water  is  »bf  rbei  for 
will  maintain  the  surf!f J^ered 
long  periods  of  time.  ^ 

insulation  resistance 
dissipation  factor  of  a 
versely  with  frequency.  ^ ,t 

In  order  to  take  meaauran  t 
frequencies  in  fraction  mgUlod  is 
per  second,  an  indi  fflessUriul 
used  which  consists  tiBf. 

the  charging  current  ag  gjtb 
with  a steady  applie  .^oras- 
a curve  contains  the  * . COI15ttfi 

tion  as  curves  of  diel«tr'c^ 

and  loss  factor  vs  fw  j dci- 

Approximately  Navy 

^1*-**#"* 
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If  your  product  uses  contacts  you’ll  find  in  this  new 
Stackpole  Contact  Catalog  a wealth  of  information 
designed  to  help  you  select  units  for  maximum  ser- 
vice under  all  conditions  of  use.  New  contact  de- 
velopments described  will  prove  highly  important 
in  the  design  of  smaller,  better  post-war  electrical 
equipment.  Write  today! 

STACKPOLE  CARBON  COMPANY,  ST.  MARYS,  PA. 


CKPOUE 


BRUSHES  and  CONTACTS  (All  carbon,  grapMn,  malal  and  compotHion  type,) 
RARE  METAL  CONTACTS  • IRON  CORES  • WELDING  CARBON  PRODUCTS 
PACKING  PISTON  AND  SEAL  RINGS  - RHEOSTAT  PLATES  AND  DISCS 
BATTERY 'CARBONS  • POWER  TUBE  ANODES  • CARBON  PIPE,  ETC. 
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vilian  students  at  Iowa  State  Col- 
lege were  guests  at  the  meeting. 
During  the  day  they  were  enter- 
tained by  the  Collins  Radio  Co., 
with  a lunch  and  a tour  of  the 
plant.  In  small  groups  they  were 
escorted  on  the  tour  by  members 
of  the  Collins  engineering  staff  who 
explained  and  demonstrated  various 
Collins  products. 

New  TBA  Members 

Latest  affiliated  member  of  TBA 
(Television  Broadcasters  Associa- 
tion) is  Westinghouse  Electric 
Corp.,  manufacturing  division,  Bal- 
timore. C.  J.  Burnside  is  the  official 
representative.  Syracuse  University 
and  Western  Reserve  University 
have  been  added  to  the  association’s 
educational  roster.  They  will  be 
represented  respectively  by  Kenneth 
Bartlett  and  Barclay  S.  Leathern. 
Yale  and  Rutgers  already  belong. 

Mickey  Network 

A nationwide  system  of  airway 
traffic  control  has  been  visualized 
by  L.  A.  DuBridge,  executive  direc- 
tor of  the  MIT  Radiation  Labora- 
tory. Consisting  of  200  mickey-type 
radars  the  network  would  cost  about 
$20  million. 

Airways- traffic  controllers  would 
be  able  under  this  arrangement  to 
see  all  the  planes  in  flight  in  their 
specified  area — a 20-  to  30-mile 
range.  In  the  opinion  of  Dr.  Du- 
Bridge, equipment  of  this  type  is 
well  past  the  experimental  stage. 

Reviewed  Wire  Recording 

Developments  in  wire  recording 
were  discussed  by  Hugh  Davis  of 
J.  P.  Seeburg  Co.  in  a paper  pre- 
sented at  the  first  fall  meeting  of 
the  Chicago  Section  of  the  IRE. 
The  subject  is  divided  into  three 
main  heads:  types  of  wire,  record- 
ing heads,  and  mechanisms. 

Round  wires  of  stainless  steel 
having  diameters  of  0.004  or  0.006 
in.  are  in  most  common  use;  how- 
ever, some  recording  is  being  done 
i on  flat  tapes  0.002  by  0.008  in.  In 
instances  where  cost  is  an  item 
' plated  wires  have  been  tried.  Re- 
cording in  parallel  tracks  on  wide 
tape  has  been  successful.  Tape  re- 
cordings, wound  in  pancakes,  offer 
the  advantage  of  indexing  which  is 
not  possible  with  recordings  on 
round  wires.  One  German  system 


CENTRAL 


FOR  PRODUCT 

IMPROVEMEN1 

LABOR  AND  MATERIA- 
SAVINGS 

EFFICIENT  operation 
greater  protection 

From  light  weight  coil 
ing  paper  to  heovy  coble 
wrap.  Central  Electricol  Pa- 
pers are  designed  and  bath 
for  the  specific  job  they  ore 
to  perform.  Consult  ui  on 
your  Electrical  Paper  nee*- 


FREE  BOOK 
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Established  1895 ..  Manufacturers  of  Laminated  Plastics  since 
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Speed  peacetime  goods 
to  market  with... 


metallic  ARTS 

243  Broadway 
CAMBRIDGE  39,  MASSA< 


made  recordings  on  paper  tape  that 
had  been  sprayed  with  metal.  A 
prime  requisite  of  the  wire  or  tape 
is  that  it  be  uniform. 

For  ease  of  loading,  open  type 
heads  have  been  almost  universally 
adopted.  An  improvement  in  fidelity 
is  obtained  by  biasing  the  recording 
head  with  a high  frequency  current, 
usually  about  50  kc.  Biasing  current 
is  from  0.2  to  0.4  ma.  Overbiasing 
has  the  effect  of  reducing  the  high 
frequencies  and  under  biasing 
causes  distortion.  Erasing  is  done 
by  increasing  the  biasing  current 
to  20  ma. 

Drive  problems  encountered  are 
similar  to  those  peculiar  to  disk 
recording  at  33  J rpm.  Two  feet  per 
second  for  0.004-in.  round  solid  wire 
seems  to  be  the  minimum  speed  for 
good  -results.  Stretching  the  wire 
either  in  recording  or  playback  will 
modulate  the  recorded  signal. 

Behaviour  of  dielectrics  over  a 
wide  range  of  frequency,  tempera- 
ture and  humidity  was  discussed  by 
Robert  R.  Field  of  General  Radio. 


prompt  ship- 
ments of  3 Cathodf 
Ray  Tube  Shields,  specify 
“from  Metallic  Arts  Company" 
when  requisitioning  from  your 
purchasing  department. 


Electronic  and  Electrical 
Test  Instruments! 

Get  off  to  a flying  start  without  stops 
with  Clippard  precision  laboratory  or 
production  instruments  for  electronic  and 
electrical  calibration,  testing  and  inspec- 
tion. Thirteen  busy  years  experience.  Six- 
teen separate  types  of  instruments  built 
for  checking  components  and  final  test- 
ing of  Navy  V.T.  proximity  fuse!  Rou- 
tine production  of  parts  for  this  project 
by  the  hundreds  of  thousands!  What  are 
YOUR  laboratory  or  production  instru- 
ment needs?  Write  Clippard  for  quotes, 
TODAY! 


F-M  Receiver  Design 

Only  the  88  to  108  mc  band  should 
be  included  in  new  designs  of  f-m 
receivers,  according  to  Paul  A.  Por- 
ter, chairman  of  FCC.  Writing  to 
R.  C.  Cosgrove,  president  of  RMA, 
Mr.  Porter  indicated  that  postwar 
f-m  receivers  should  not  be  bur- 
dened with  the  cost  of  tuning  pro- 
visions in  the  42  to  50  mc  bands. 

As  he  pointed  out,  receivers  built 
to  a duplex  design  might  very  well 
retard  the  changeover  from  old  to 


MACO 

SHIELDS 


have  met  the  rugged  tests  of  war- 
time uses  . . . they’re  scienti 
cally  designed  to  do  the  job  « 
peeled  of  them.  Adapted  for 
mounting  directly  on  the  pane 
Functionally  designed  . . • e*s! 
to  install  . . . sure  in  operation 
These  3-inch  shields  are  made  for 
the  3BP-1  Cathode  Ray  Tube. 


A sturdy  self- 

■ titnuiiu-d  l.tbnra*  I.  '- - 

mr>  instrument. 

■ West. in  metered,  ■ 'p'V-;-.-;  wA-Tyy  •' 

■ .Kid  test  "I 

:<  IS  TIM  ’• 

m uum  tube  volt*  Vl 

m meters.  Highly  . 

accurate  source  of  known  voltage  in  1/10 

■ volt  steps  from  0 to  111.  or  in  1 to  1110 
volt  model.  Engraved  panel.  Quartered  oak 

■ case.  Write  for  details. 

■ MR.  SERVICEMAN:  See  Clippard' s new  line  of 
ragged,  versatile  lest  equipment.  Custom 

■ built,  yet  priced  within  reach  of  all  uho 


For  a complete  line  of  stock  sties 
in  Cathode  Ray  Tube  Shields-, 
or  for  specially  designed  shte 
to  meet  your  specifications,  wn 
wire  or  phone. 


Closeup  shows  scale  and  conformation 
of  Geiger-Muller  tubes  of  a type  made 
by  North  American  Philips  Co..  Mount 
Vernon.  N.  Y.  Units  like  these  have 
been  in  the  news  recently  as  the  test- 
ing elements  of  equipment  used  to 
check  radiation  at  tho  craters  o‘  atom 
bomb  explosions  in  New  Mexico  and 
Japan 


instrument 

.LABORATORY 


Dtc.mb*r  IWS-B-K^ 
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How  SKILSAW  Protects 
Equipment  "in-the-Package" 


Moisture  "in-the-package"  causes  vast  damage 
to  precision  equipment. 

Skilsaw,  Inc.  prevents  this  damage  by  means 
of  Jay  Cee  Silica  ©el,  the  ideal  drying  agent. 
A few  small  bags  of  the  Jay  Cee  ©el  are  included 
within  tightly  sealed  packages  of  electric  hand- 
saws, drills,  and  other  tools.  The  gel  has  amaz- 
ing power  to  absorb  and  hold  moisture.  Thus 
the  air  in  the  package  is  kept  thoroughly  dry  and 
damage  from  rust  or  corrosion  is  avoided. 

This  practice  is  being  followed  by  more  and 
more  manufacturers  of  metal  products.  The  cost 
of  the  gel  is  a mere  trifle  in  comparison  with  the 


possible  damage  from  rust  or  corrosion. 

Jay  Cee  Silica  ©el  has  wide  application  in  the 
Air  Conditioning,  Refrigera- 
tion, and  Chemical  indus- 
tries. It  is  dear  white;  passes 
a rigid  section  test;  meets 
exacting  Government  speci- 
fications; is  strictly  a quality 
product. 

A few  excellent  Jay  Cee 
Silica  ©el  sales  territories  are 
still  open  to  jobbers.  Write 
for  details. 


JOLIET  CHEMICALS,  LTD.,  INDUSTRY  AVENUE,  JOLIET,  ILLINOIS 


SILICA  GEL 

/4  Mftenim  cleAqdMHt 
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The  Largest 
Family  • 


OF  "UL”  LISTED 

Pilot  Light  Assemblies  is  only 
one  of  many  advantages  of  the 
Gothard  Line.  Ask  for  the 
Gothard  Catalog  if  you  do  not 
have  one. 


Consult  Gothard  Englnoors  on  all  of 
your  special  Pilot  Ught  requirements 
for  experienced  recommendations. 


Mo  dot  No.  1142 
for  Noon  Lamp 
NE51  and  Mazda 
44,  313  and  1815 


MANUFACTURING  COMPANY 

2114  CLEAR  LAKE  AVENUE.  SPRINGFIELD,  ILLINOIS 
EXPORT  DIVISION!  25  WARREN  STREET  • NEW  YORK  T.N.Y. 


Gothard  lights 
or*  or  official 
reqelremeet  fa 
the  Natloaal 
All  • Amateur 
Traesmltter 
Coetost 


LET  OVER  TWENTY  YEARS 
OF  EXPERIENCE  GUIDE  YOU 


ELECTRICAL  INSULATION  CO.,  INC. 

12  VESTRY  ST.,  NEW  YORK  13,  N.  Y. 


FABRICATED  PHENOLIC  PARTS SHEETS,  RODS,  TUBES 
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new  band.  The  objective  of  FCC  in 
allowing  f-m  stations  to  continue 
operation  in  the  lower  band  was  to 
prevent  the  loss  of  service  to  listen- 
ers who  have  not  been  able  to  con- 
vert or  replace  their  receivers. 


Conditional  F-M  Grants 

Because  men  in  the  military  serv- 
ice are  confronted  with  particular 
difficulties  in  completing  applica- 
tions for  broadcast  facilities,  FCC 
reminds  that  it  has  proposed  to 
make  conditional  grants  of  f-m  sp- 
plications,  affording  the  applicants 
a period  of  90  days  in  which  to  file 
engineering  details.  However,  since 
f-m  channels  cannot  be  reserved  for 
future  assignments,  promptest  pos- 
sible submission  of  applications  is 
advocated. 


license  Transfer 
5UBLIC  INTEREST  underlies  a ne* 
>lan  suggested  by  FCC  for  the 
ransfer  of  licenses  from  one  broad- 
: as  ter  to  another.  Under  the  pta 
;he  Commission  and  the  seller 
vould  publish  the  terms  and  comb- 
ions  of  the  proposed  sale  of  broid- 
sast  facilities  and  the  name  of  m 
prospective  buyer  who  has  me 
seller’s  price.  Other  persons  desm 
ing  to  apply  for  the  station  wrf 
be  invited  to  do  so  on  the 
terms  and  conditions.  The 
mission  would  consider  all  app 
tions  on  their  merits  with  a vie* 
granting  the  transfer  on  the  1» 
of  public  interest.  , 

Another  suggestion  des.gnj  » 
improve  FCC’s  transfer  P 
will  be  recommended  to  Coup**- 

This  will  be  a yardstick  for  ® 

uring  the  appropriate  vriue 

station  so  the  Commission  s 
choice  will  not  be  unreasonably 
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VIBRASHOCK*  UNIT  MOUNT 

Amazingly  Effective,  Surprisingly  Inexpensive 


CHECK  THESE  OUTSTANDING 
FEATURES  OF  THE  VIBRA- 
SHOCK UNIT  MOUNT 

OStiinlesi  steel  spring  provides  com- 
plete three  -way  freedom  in  a tingle 
unit.  (Conventional  units  are  resilient 
in  only  one  direction  and  must  be 
assembled  in  tandem  for  horizontal 
absorption,  requiring  twice  the  nor- 
mal quantity  of  mounts.) 


Robinson  engineers  offer  a low-cost 
standardized  Vibrashock  unit  mount 
that  closely  approaches  the  high  oper- 
ating efficiency  of  che  famous  custom- 
built  Vibrashock  Dual  Suspension. 

Without  sacrificing  the  proven  basic 
Robinson  principle  of  three-way  vibra- 
tion absorption,  the  new  unit  mounts 
are  simple,  rugged  and  long-lived.  Com- 
parative tests  show  marked  improve- 
ment in  performance  over  conventional 
type  unit  mounts. 

The  use  of  stainless  steel  springs, 
instead  of  rubber  or  synthetic,  elimi- 
nates drift  or  permanent  set  and 


vulnerability  to  cold,  heat  or  humidity. 

Check  your  equipment — airborne, 
vehicular,  mechanical  — on  these 
triple  action  mounts.  The  results  are 
startling.  (On  one  such  application, 
electronic  tube  life  has  been  in- 
creased from  ten  days  to  ten  months.) 

Vibrashock  unit  mounts  are  available 
in  three  sizes,  and  in  a wide  range  of 
load  ratings.  Designers,  engineers  and 
purchasing  agents  will  find  in  our  new 
catalog  "Vibration  Control  Engineered 
by  Robinson,”  the  answer  to  most 
vibration  problems.  Send  for  your  copy 
of  this  new  publication  today. 

•Trada  Mark 


ROBINSON  AVIATION,  INC. 


e 

0 


Built-in  damping  mechanism  kills 
low-frequency  oscillation  and  mini- 
mizes resonance  at  critical  frequen- 
cies. (No  other  unit  mount  has  this 
outstanding  feature.) 

Built-in  three-way  shock  assembly, 
complete  with  limiting  disc  and  stud. 
(This  is  a saving  to  the  user  in  both 
time  at^d  money,  eliminating  the 
necessity  of  installing  washers,  nuts 
and  bolts.) 


o 

0 


Rugged,  load  carrying  central  stud 
tapped  for  standard  machine  screws. 

Sturdy,  light-weight,  metal  housing 
having  standard  attachment  holes 
in  its  base. 


This  combination  of  features 
assures  outstanding  performance 
in  the  first  complete  unit  mount 
offered  to  Industry. 


_ Teterboro  Air  Terminal 

Teterboro  ....  New  Jersey 

3757  Wilshire  Blvd. 

Los  Angeles  5,  California 


ROBINSON  AVIATION,  INC. 

Teterboro  Air  Terminal,  Dept.  E 
Teterboro,  New  Jersey 
Gentlemen : 

Please  send  me  your  catalog  on  the  new 
Vibrashuck  Unit  Mount. 


Numt 

Con  ny 

Address 


■\ 
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HARVEY  can  supply  more  and  more 
famous  radio  and  electronic  com- 
ponents and  equipment,  such  os  the 
dependable  Presto  recorder  and 
transcription  playback  described  be- 
low. Avail  yourself  of  our  rapidly 
growing  stocks,  our  fast,  efficient 
service,  our  technical  know-howl 
Get  the  equipment  you  need  now 
by  placing  your  order  promptly. 


PRESTO  Model  "K" 
RECORDER 


A portable  sound  recorder,  record 
player  and  public  address  system. 
Complete  in  a single  carrying  case. 
The  Model  "K"  records  15  minutes  eon- 
tinuously  at  33's  RPM  on  side  of  l3'/«" 
disc.  It  also  makes  6.  8.  10.  and  12  inch 
ricords.  and  plays  all  makes  of  phonooraph 
records.  With  Its  many  exclusive  features 
found  in  no  other  low  priced  recorder,  the 
user  Is  able  to  make  high  quality  recordings 
consistently,  reducing  spoilage  cost  of  discs 
and  needles.  As  a voice  amplifying  system, 
it  serves  audiences  of  about  500  persons. 

PRESTO  Model  “L” 

TRANSCRIPTION  PLAYBACK 


for  those  who  demand  "something 
better"  in  portable  reproducing 
equipment.  Small,  light  weight,  easy 
to  operate. 

Its  extreme  simplicity  and  remarkably  clear, 
wide  range  reproduction  have  made  the 
Model  "L"  a favorite  of  radio  stations, 
advertising  agencies  and  program  producers. 
It  consists  of  a 12”  dual  speed  rim-driven 
recording  turntable,  a 16”  pickup  on  a 
swivel  mounting  which  folds  into  the  case 
when  not  in  use.  a 4 Vi  watt  amplifier  and  an 
8”  loudspeaker,  mounted  in  a single  case.  The 
speaker  mounted  in  the  case  cover  is  equip- 
ped with  a 20'  extension  cable.  Semi-per- 
manent needle  supplied  as  initial  equipment. 


Electrical  Engineers;  Transient 
Analysis  of  Linear  Servomechan- 
isms. by  John  R.  Ragazzini,  pro- 
fessor, Columbia  University;  Room 
301,  Pupin  Hall,  Columbia  Univer- 
sity; H.  E.  Farrer,  AIEE  ’Head- 
quarters, 33  West  39  St,  New  York 
18,  N.  Y. 

Jan.  18-Feb.  7;  Gardner  Display 
Co.,  Products  of  Tomorrow  Exposi- 
tion; Coliseum  Group,  Chicago,  111. 
Marcus  Hinson,  general  manager 
planning  department,  Armory,  16th 
and  Michigan,  Chicago. 

Jan.  23-26 ; Institute  of  Radio  En-  4 
gineers,  33d  Annual  Winter  Techni- 
cal Meeting;  Astor  Hotel,  New 
York,  N.  Y. ; E.  J.  Content,  chair-  j 
man  of  meeting  committee,  WOR, 

1440  Broadway,  New  York  18,  N.  Y. 

Feb.  4-7;  American  Welding  So- 
ciety, National  Meeting;  Hotel 
Cleveland,  Cleveland,  Ohio;  M.  M. 

Kelly,  secretary,  33  West  39  St., 

New  York  18,  N.  Y. 

Feb.  4-8;  American  Society  for 
Metals,  National  Metal  Exposition ; 
Public  Auditorium,  Cleveland,  Ohio ; 

W.  H.  Eisenman,  secretary,  7301 
Euclid  Ave,  Cleveland  3,  Ohio. 

Feb.  6-8;  American  Industrial 
Radium  & X-Ray  Society,  Annual 
. Convention ; Hollenden  Hotel,  Cleve- 
land, Ohio. 

Feb.  13;  American  Institute  of 
Electrical  Engineers;  Frequency 
Spectrum  Theory  Applied  to  Servo- 
mechanisms, by  E.  B.  Ferrell,  Bell 
Telephone  Laboratories ; Room  301, 
Pupin  Hall,  Columbia  University; 

H.  E.  Farrer,  AIEE  Headquarters, 

33  West  39  St.,  New  York  18,  N.  Y. 

Feb.  26-Mar.  2;  International 
Exposition  Co.,  20th  Exposition  of 
Chemical  Industries ; Grand  Central 
Palace,  New  York;  Charles  F.  Roth, 
manager,  Grand  Central  Palace, 

New  York  17,  N.  Y. 

FCC  ACTS 
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To  pormitx 

U-Dryvit  Auto 
Rental  Co. 
Bolton,  Mam. 


RCA 


To  do  this: 

Install  three  portable  and  portable- 
mobile  stations  in  vehicle!  to  estab- 
lish cost  of  service  in  use  of  rented  ;j 
radio-equipped  trucks.  Federal  * 

Telephone  & Radio  Corp.  gear  will  $ 

be  used  on  f-m  at  50  w.  Frequen- 
cies will  be  assigned.  ij 

Construct  and  operate  four  new  ex-  f 
peri  mental  Class  S portable  radio  * 


Digitized  by  LnOOQle 


ELECTRONIC  A C. 


VOLTAGE  REGULATOI 


TWWUM- 

■*«■*** 
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***** 


0 floss'!** 

UBS***4 
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S# 

**Z+V 

(»rtk*r  *'*” 


Modal  250 


Modol  1750 


AVAILABLE  FOR  IMMEDIATE  DELIVERY 


Modal  No. 
250 
1000 
1750 
5000 


Load  Range 

25  to  250  V.A. 
200  to  1000  V.A. 
>00  to  2000  V>. 
1000  to  5000  V.A. 


NOTE  THESE  FEATURES: 

* Output  voltage  maintained  to  within  ± .2%  (adjustable  110-120  volts) 
with  input  fluctuations  95  to  130 

* Output  voltage  constant  to  .2%  despite  variations  in  load  over  entire 
rated  range  of  unit 

• Minimum  wave  form  distortion — about  5%  average 

* Independent  of  load  power  factor 

• Independent  of  frequency  variations  =fc  1 5% 

O Quick  response  time— output  voltage  stabilized  in  SIX  cycles  maximum 

• Built  for  long,  trouble  free  service.  Component  parts  conservatively 
rated — transformers,  etc.  hermetically  sealed 


For  juMMomI  information  and  prleos,  writ*  *h.  foetory  or  our  Solos  Roproiontotivo  noorost  to  you. 


foot  Coast  Mlddlo  Wot t 

BURLINGAME  ASSOCIATES.  LTD.  ALFRED  CROSSLEY  ASSOCIATES 
II  PARK  PLACE  549  WEST  RANDOLPH  STREET 

NEW  YORK  CITY  CHICAGO,  ILLINOIS 


Wotf  Coast 

N.  B.  NEELEY  ENTERPRISES 
7422  MELROSE  AVE. 
HOLLYWOOD.  CALIF. 


MHR2SISISS9  & HSN! 


* 1 * B 5 » * £ ELECTRONICS 


STAMFORO, 
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SPINTITE  SET. 

Chuck  Type  Handle  with 
Reamawl,  3 Screw  Drivers, 

7 SPINTITES,  Insulated 
Neutralizing  Alignment  || 
Wrench,  and  2 Pliers,  all 
in  a Leatherette  Roll.  . . . 


A Positive  need  in  every 
RADIO,  HOME  and 
ELECTRICAL  shop. 

A Fascinating,  Fast-Moving 
Item  for  thousands  of  stores. 
Your  good  jobber  has  it... 

Send  for  Ct'iiog  No  W AT  D'F'M  I 

141  picturing  j full  •'"«  WOlKtSI  ^ 1 

of  Automobile.  Airerjrt  t — 

„d  «.di=  Tool. 


STEVENS  WALDEN,  INC. 


468  SHREWSBUR  Y STREET 


WORCESTER,  MASSACHUSETTS 
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stations  for  tasting  • *****  of  wfcta- 
bond  muKi-chonntl  roefto  communi- 
cotion  between  Philodclphio  or 
Com  den,  N.  J.  end  New  York  CHy 
with  intermediate  relay  station*  to 
be  located  in  Bordentown,  N.  J. 
and  Tenmile  Run,  N.  J.  Frequen- 
cies will  be  assigned;  power  1 w, 
and  emission,  AO,  A1,  A2,  A3, 
A4  and  Special. 

University  of  Install  a new  experimental  portable 
Chicago  mobile  radio  station  aboard  a free 

Chicago,  III.  balloon  for  operation  within  a 350* 
mile  radius  of  Chicago.  Objective 
is  to  transmit  information  on  the 
nature  of  penetrating  radiations  in 
the  stratosphere.  Transmitters  will 
be  frequency  modulated  by  ♦im- 
pulses produced  as  a result  of  high- 
energy  particles  passing  through  a 
set  of  coincidence-counter  tubes  in 
a' cosmic  ray  telescope.  Frequen- 
cies will  be  assigned;  power,  2 w; 
and  emission  special  for  radiosonde 
purposes. 

Tanner  Motor  Temporarily  operate  one  experi- 

Livcry,  Ltd.  mental  Clast  2 land  station  and  two 

Pasadena,  Calif.  portable  mobile  stations  in  taxicabs. 

Frequencies  will  be  assigned;  power, 
30  w;  emissions  Al,  A2  and  A3. 


WIBU  Install  new  vertical  antenna  and 

Poynette,  Wh.  change  ground  system. 

AT&T  Install  an  additional  330-mile  link 

in  the  proposed  New  York  to  Los 
Angeles  coaxial  cable  extending 
from  Meridian,  Miss,  to  Shreveport, 
La.  at  a cost  of  57,056,000. 

BUSINESS  NEWS 

American  Phenolic  Corf,  in  Chi- 
cago is  erecting  a three-story  build- 
ing to  house  their  expanding  manu- 
facture of  plastic  items  for  the 
electronic  trade  and  other  indus- 
tries. 

AlREON  Mfg.  CORP.  paid  $400,000 
for  100  percent  of  the  stock  in 
Oxford-Tartak  Co.  and  Cinauda- 
graph  Corp.,  Chicago,  111. 

Wilmotte  Laboratories  opens  a 
branch  laboratory  at  236  W 66 
St.,  New  York  19,  to  provide  com- 
plete engineering  service  in  the 
application  of  electronics  for  indus- 
trial uses. 


Utah  Radio  Products  Co.,  Chi- 
cago, and  Universal  Cooler  Corp., 
Marion,  Ohio,  have  merged  into 
International  Detrola  Corp.  The 
merger  unites  companies  with  a 
total  of  nine  manufacturing  plants 
in  this  country  and  two  in  Canada, 
making  home  and  auto  radio  re- 
ceivers, loudspeakers,  other  radio 
parts,  refrigerators  and  furniture 
cabinets. 

The  Muter  Co.  of  Chicago  has  ac- 
quired all  capital  stock  of  the  Rola 
Co.  in  Cleveland.  Larry  King,  for- 
merly with  Operadio,  will  be  presi- 
dent and  general  manager  of  the 
Rola  Co.,  to  be  operated  as  a division 
of  the  Muter  Co.  Ben  Enghoim, 


QUALITY 

PLASTIC 

PARTS 


PRECISION-MADE 
TO  YOUR  EXACT 
SPECIFICATIONS 


Here  is  a dependable  source 
for  quality  special  part*  01 
products  fabricated  from  pla* 
tic  sheets,  tubes  and  rods.  No 
matter  how  complicated  your 
requirements  may  be,  you 
can  count  on  Sillcocks-MUler 
specialists  to  deliver  accurate 
work  to  meet  your  tnost  ex- 
acting specifications.  You  U 
find  it  costs  you  less  to  pay  ® 
little  more  for  SiDcocks-*®*1 
quality. 


Writ*  tor  lllostratod 
dticrJb/ag  kolptol 


foo 

$©nrlc* 


THE  SIUCOCKS-Mlllf*  <0, 

10  West  Parker  Avenue,  Maplrwtod  ^ 
Mailing  Add...'  South  0t""9»  N 


ialisU  in  High 


Doeombor  IW 
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Research  Departments  of  some  of  America's  great  industries 
have  called  upon  Jerome  Engineering  Company  to  develop 
specialized  photographic  equipment.  We  are  prepared  to 
offer  this  same  service  in  Design,  Development  and  Produc- 
tion to  your  Engineering  problems.  Here  illustrated  are  some 
of  the  units  which  we  wish  to  present  in  present  or  modified 
form.  These  are: 


(1)  Automatic  Impulse  Camera,  35  and 
70  mm.  for  Electronic  Research.  Has  many 
uses. 

(2)  Automatic  Photographic  Processing 
Machine. 

(3)  Microfilm  Filing  Camera,  for  reducing 
diagrams,  drawings,  and  engineering  data 
to  a card  filing  system. 

(4)  Portable  Recording  Camera  for  remov- 


able instrument  panels. 

(5)  Low-Priced  Copy  Camera,  for  engineer- 
ing data  and  sketches.  Takes  copy  up  to 
10"  x 14".  Has  own  built-in  illumination. 

(6)  Universal  Projector,  for  motion  picture 

and  still  projection.  Has  remote  control  and 
viewing  or  editing  screen.  ^ 

(7)  Oscilloscope  Camera,  for  recording  os- 
cilloscope traces,  etc.  i 


In  photographic  research  and  design,  experience 
counts  as  in  other  branches  of  engineering.  If  you 
have  need  for  specialized  photographic  equip- 
ment-HAVE  IT  ENGINEERED  BY  JEROME. 


Phone.  MassapeQua  2.100 


^■SCTRONICS— OacMito  1945 

Digitized  by  CjOCK^Ic 

t 

313 

Specify  DRAKE  for  Better  Dial 

rpHE  Dial  Light  Assembly  of  the  number 
*■  500  U Series  illustrated  here,  is  one  of  the 
outstanding  units  of  the  widely  known  DRAKE 
No.  500  Series.  The  legs  of  the  bracket  are 
made  in  various  lengths,  from  27/32"  to  1-7/16 
from  base  to  shoulder.  This  unit  will  fasten 
on  any  panel  from  0 to  .062  thick.  When  speci- 
fying Dial  Light  Assemblies,  remember  millions 
of  DRAKE  500’s  have  been  used  since  1940! 
These  units  are  TIME-TESTED  . . . offer  you 
all  the  superior  advantages  developed  through 
years  of  highly  specialized  experience  in  design- 
ing and  manufacturing  Dial  and  Jewel  Light 
Assemblies  exclusively.  Extensive  facilities  for 
high  speed  production  bring  you  better  quality 
at  low  cost.  Is  the  newest  catalog  listing  the 
complete  DRAKE  line  at  your  finger  tips, 
NOW' 


No.  542  U-43  . . . the  unit  shown 
above,  has  1-5/16"  legs  built  for 
.043  panel.  Prompt  shipment i 
assured  in  large  quantities  for 
your  production  line  require- 


SOCKET  AND  JEWEL  LIGHT  ASSEMBLIES 


former  president  and  principal 
stockholder  of  Rola,  will  remain  in 
a consulting  capacity. 

Western  Electric  Co.  has  pur- 
chased a 40-acre  tract  in  Allentown, 
Pa.,  for  a new  electronic  components 
plant  that  will  provide  employment 
for  about  1,500  people.  Present 
plans  call  for  production  of  vacpaa 
tubes,  quartz  crystals,  temperate* 
sensitive  devices,  and  other  pre- 
cision products  for  use  in  the  BeS 
system  and  in  other  commercial  ap- 
plications. The  manufacturing  areas 
will  be  fully  air  conditioned. 

Hoffman  Radio  Corp.,  Lob  An- 
geles, has  formed  a new  CAA  Di- 
vision that  will  develop  material 
built  to  specifications  of  the  Ao- 
thority.  In  charge  will  be  EtaerP. 
Gertsch,  formerly  manager  of  the 
Radio  Division  fbr  Air  Associate!, 
Inc. 

Gilfillan  Bros.  INC.,  West  Coast 
manufacturer  and  co-developer  with 
MIT  of  the  famed  GCA  (described 
in  the  Nov.  1946  ELECTRONICS,  page 
112)  staged  the  first  public  demon- 
stration, at  Los  Angeles  Municipal 
Airport,  of  this  radar  system  for 


Electronic  Engineering  con  supply- NOW- 
trnnsformers  in  standard  or  special  styles  in 

/T*ep  quantity  . . . 


1# 


SPECIALIZED 


Because  there  have  been  no  conversion 
problems  at  Electronic  Engineering,  we  are 
now  producing  and  delivering  the  finest 
transformers  with  the  same  speed  and  skill 
as  during  the  war.  We  are  ready  to  serve 
your  needs  . . . with  one  million  or  one  I 

3223-9  WEST  ARMITAGE  AVE.  • CHICAGO  47,  ILLINOIS 


Lt.  Col.  Harry  DowrUM. 
olileor.  Mine.  FloM. 

W.  GilHllan.  pmdd«t  of 

Inc.,  ntanding  bolor*  th»  ^ 

1„,  th*  military  version  " „ 

■TiZiSXZi 

guiding  planes  to  safe 
through  storm,  fog  an  ( 

Gilfillan  is  now  “*r^ment.s 
manufacture  of  GOA  equ  p 
converted  to  civil  uses 
fields. 

Sentinel  Radio  Corp.  br°t , 
ground  for  a moder“P£cupyto 
location  in  Evanston,  IUv  “ ^ w 


over  nine  acres.  *>■  jtv  of 
estimated  production  P®  si'Mie- 

3,000  radio  sets  per  day  o 


3S4 
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RE  is  a significant  fact  for  electronic  en 
gineers:  No  other  material  can  \vithstan< 
high  temperatures  like  graphite.  If 
graphite  has  no  melting  point!  This  mean: 

nnat  anodes  made  of  graphite  will  retain  theii 
i s^laPe  better— will  not  fuse  or  warp  or  melt- 
00  matter  bow  high  the  manufacturing  or  op 
erat‘ng  temperatures. 

'Nauonal”  graphite  anodes,  because  of  theii 
*®“er  thermal  emissivity,  will  operate  at  lowei 
temperature  for  a given  amount  of  energy  dis- 
sipated.  Result:  a lower  operating  temperature 


for  all  tube  parts  and  therefore  less  distortion 
and  more  uniform  tube  characteristics. 

Moreover,  "National”  graphite  used  in  mak- 
ing anodes  has  much  greater  strength,  finer 

grain  structure,  smoother  machined  or  machin- 
able surfaces,  and  greatly  increased  erosion  re- 
sistance. 

Why  not  investigate  further  the  promising 
possibilities  in  using  graphite  for  your  anodes? 
National  Carbon  Company,  Inc.,  a pioneer  in 
developing  carbon  and  graphite  products,  looks 
forward  to  the  opportunity  to  work  with  you. 


The  word  "National”  is  a registered  trade-mark  of  National  Carbon  Company,  Inc. 

NATIONAL  CARBON  COMPANY,  INC. 

Unit  of  Union  Carbide  and  Carbon  Corporation 


ucc 


General  Offices:  30  East  42nd  Street,  New  York  17,  N.  Y. 

^vision  Sales  Offices : Adanta,  Chicago,  Dallas,  Kansas  City,  New  York,  Pittsburgh,  San  Francisco 
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FOR  GENERAL  ELECTRONIC 
AND  RADIO  APPLICATIONS 

HUDSON  AMERICAN’S  20  years 
engineering  experience  has  devel- 
oped 6 outstanding  points  of  perfec- 
tion in  the  manufacture  of  high 
quality  Transformers: 


1 Most  modsm  c 
available. 

2 Vacuum  impregnating  •quipmant  for  wax 
or  varnish. 

3 Completely  automatic  production  tost 
equipment. 

4 Precise  winding  and  meticulous  as- 
sembly. 

5 Thorough  impregnation  and  careful  fin- 
ishing. 

6 Maximum  uniformity. 

Specify  HUDSON  AMERICAN 

TRANSFORMERS  for  your  radio  and 
electronic  requirements. 

Write  for  catalog  1045 

HUDSON 
| o AMERICAN 

*z  CORPORATION 

A subsidiary  of  R—vs-Ety 
Laboratories,  Inc. 

25  WIST  43rd  ST*  I IT,  NIW  YORK  IS,  N*  Y. 


milf. 


Architects'  sketch  ol  new  Sentinel  plant 

out  completely  tested  radio  sets 
packed  and  ready  for  shipment  at 
the  east  end  of  the  building. 

Communication  Parts  recently 
purchased  a new  plant  in  Chicago 
having  unique  features.  Each  work 
bench  is  an  illuminated  and  wired 
unit  in  itself  yet  all  benches  can 
be  linked  together  in  a few  minutes 
for  a line  assembly  operation. 

Waveguide  Electronics,  30  Church 
St.,  New  York,  is  an  organization 
of  men  who  have  been  installing 
radio  and  radar  gear  on  Navy  ves- 
sels. The  new  company  has  facili- 
ties for  fabrication  and  installation 
of  waveguides  and  coaxial  transmis- 
sion lines,  and  plans  to  concentrate 
on  installation  and  servicing  of  elec- 
tronic radio  and  radar  equipment 
on  ships,  in  plants,  at  airports,  etc. 

Sylvania  Electric  Products  Inc. 
produced  more  than  140  million  tiny 
tubes  and  millions  of  fuzes  for  the 
Navy’s  secret  VT  proximity  fuze 
program,  also  known  as  “Project 
A”.  The  eight  plants  engaged  in 
this  work  received  22  special  awards 
from  the  Navy  Bureau  of  Ordnance 
for  efficient  production. 

PERSONNEL 

Wm.  D.  MacGeorge,  formerly  chief 
of  the  Electronics  Laboratory  at 
Baldwin-Southwark,  joins  the  staff 
of  Automatic  Temperature  Control 
Co.  in  Philadelphia  as  technical  con- 
sultant concerned  with  development 
of  automatic  control  instruments, 

J.  Wesley  Koch,  until  recently  a 
captain  with  the  office  of  the  Chief 
Signal  Officer  in  Baltimore,  is  now 
on  the  engineering  staff  of  Mutual 
Broadcasting  System.  While  in  the 
Army,  he  served  as  technical  adviser 
of  the  Radio  Propagation  Unit  and 
as  staff  radio  officer  in  North  Africa 
and  Italy. 


EVERYTHING  IN  Mt>IO 
AMD  ELECTRONICS 

R.W.T.,  world’s  oldest  and 
largest  Radio  Supply  House 

is  ready  again  with  tremendous 

stocks  of  sets,  parts  and  equip 
ment.  Yon  can  depend  on  our 
quarter-century  reputation 
for  quality,  sound  values  and 
super-speed  service.  Orders 
shipped  out  same  day  received. 
All  standard  lines  already  here 
or  on  the  way,  including:  Na- 
tional, Hammarlund,  R.  C.  A, 
Hallicrafters,  Bud,  Cardwell, 
Bliley  and  all  the  others  yon 
know  so  well. 


Earl  Minor  Johnson,  radio  propa- 
gation specialist  with  the  War  De- 


Hai  w Witt 
Television  int 

100  Av.nu.  of  th.  Amariew. 

IFonr.Hy  Sixth  A"»"> 

Sotton,  Mom.  • Nawa*  » J 

“No  supplier  anpshsrs 
has  a bigger  stock  of  Radio 
Electronic  equipment,  lest 

ment.  Public  Address 

Communications 

your  engineering  p " ^ 

special  equipment,  me 

Write  today  Dept.  ELS. 

t/rlON 


shift  schedule.  Production  lines  300 
ft  long  will  be  fed  direct  from  the 
receiving  department  at  the  west 
end  of  the  building  and  will  turn 


HUDSON 

AMERICAN 

TRANSFORMERS 
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CRONflME 


cue  a £ iJL* Lt^a. 


FOR  ELECTRONIC  COMPONENTS 
AND  FINE  METALCRAFT 


A«My 


3701  Ravenswooo  avenue 


13.  ILLINOIS 


EMGIMtEMMd 
ETCHING 
L I TH OGCAPHIM G 
EMBOSSIMG 
ENGPAVIMG 
STAMPING 
ALUMINUM  WELDING 
& MEAT  TPEAlING 
ASSEMBLIES 
SOLDEPING 
METAL  fINISUING 
P L A T I 


ANODIZING 
P A P K E P I Z I N G 
OXIDIZING 
ELUOPESCEN I 
PMOSPHOPESCE  NT 

decopated  glass 

G L M S S DIALS 

decopated  plastics 
eopmed  plastics 

PADIO  TUNING  UNITS 
pemote  (ONTPOLS 


OVER  40  YEARS  EXPERIENCE  IN  FINE  METALCRAFT 


NCO«PO«ATED 


t* 
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.Series  VW- 
15  mo.,  1*5  volts 

Grid  current  less  than 
10'14  amperes — grid  re- 
sistance approximately- 
10,4ohms^g  ' 
Individually  checked  for 
uniformity  within  the 
range  of  the  best  operat- 
ing characteristics — each 
tube  is  built  for  exacting 
circuit  requirements. 

Available  as  . . • 

Electrometers 

Pentodes 

Tetrodes 

Triodes 

Diodes 

And  now  in  production 
—new  hi-meg  vacuum 
sealed  resistors  in  a 
range  never  adequately 
Covered  before— values 
from  1 megohm  to 
1 ,000,000  megohms. 
Write  for  literature  on 
tubes  and  resistors  or 
consult  us  on  your  tube 
oroblems. 


1.000.000  Megohm* 
Actual  *!*• 


N INSTRUMENT  CO. 

)UGH  AVENUE 
AND  3 OHIO 


partment  since  June  1944,  is  now 
in  the  engineering  department  of 
Mutual  Broadcasting  System. 

CLUBE  H.  Owen  is  allocations  engi- 
neer with  American  Broadcasting 
Co.,  after  serving  with  the  FCC  as 
assistant  chief  of  their  broadcast 
engineering  division. 

Henry  Grossman,  CBS  director  of 
technical  operations,  and  James 
Seward,  director  of  operations,  are 
now  responsible  for  technical  opera- 
tions of  CBS  Television  in  addition 


Hmry 

Groumcm 


to  their  regular  network  broadcast 
duties.  Dr.  P.  C.  Goldmark  con- 
tinues his  responsibility  for  equip- 
ment design  and  installation,  engi- 
neering standards,  and  tests. 

Louis  G.  Pacent,  Jr.  becomes  man- 
ager of  production  services  depart- 
ment of  Emerson  Radio  and  Phono- 
graph Corp.,  after  a year  of  service 
as  chief  industrial  engineer. 


T.  Wang  and  T.  Y.  Wang,  repre- 
sentatives of  the  Chinese  Govern- 
ment Communications  Commission, 
interviewed  Dr.  Ray  H.  Manson, 
president  of  Stromberg-Carlson, 
during  their  nationwide  tour  of  key 
communications  centers  in  search  of 
manufacturing  methods  and  tech- 
niques applicable  to  China’s  indus- 
trial empire. 


EST  A.  Marx,  who  held  the  rank 
,ieut.  Commander  in  the  Navy 
the  post  of  Senior  Radar  Officer 
ie  Third  Naval  District,  joined 
! B.  DuMont  Laboratories  as 
ral  manager  of  their  newly 
led  Television  Division. 

G.  H.  Finch,  Captain  USNR, 
rns  to  inactive  duty  and 
mes  the  presidency  of  Finch 


SUPEl 
SKY  C 
SKYR 
8KY  1 
ECHO 
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Ideal  working  conditions  are  sealed-in,  en- 
vironment sealed-out,  by  Fedelco-Sealing.  {' 


A Hny  relay  h Moled  Into  this  rectangidor  housing.  Photos  shows  1,  metal  housing/  2,  relay 
"*ounted  on  heavy  bracket  and  baM,  with  tube  for  ex  Sous  ting  air;  3,  completed  enclo- 
sure, with  three  6-32  mounting  screws  and  terminals  for  soldering  on  No.  14  stranded 
wire.  Tube  has  been  Mated  off. 


Fedelco-Sealing  insures  the  long  life  and  unfailing  pei 
formance  built  into  your  product,  by  sealing  it  into  a 
air  tight  metal  housing  that  keeps  out  bugs,  dust,  fur 
gus.  moisture,  and  tampering. 


Designed  for  Your  Requirements 

These  enclosures  are  designed  and  engineered  to  fit  ypi 
product  and  your  specific  requirements.  Cases  can  be  < 
any  required  shape,  with  various  provisions  for  mourn 
ing.  Terminals  can  be  wired  to  an  octal  plug,  or  to  so 
der  terminals.  Interior  mounting  and  brackets  are  apt 
cially  designed.  Cases  are  exhausted  and  filled  wit 
nitrogen  or  other  gas.  Enclosures  can  be  designed  t 
withstand  shock  and  vibration  of  any  degree  specific! 


We  Fedelco-Seal  your  product, 
or  show  you  how  to  do  it 


Lorger  relay,  with  specially  designed  anchor  plate  mounting  to  withstand  shock  and 
vibration  up  to  20Gi.  Relay  is  bolted  to  heavy  bracket  and  anchor  plate  (top  left)  and 
base  plate.  Completed  enclosure  (right)  shows  beads  rolled  into  top  and  bottom  of 
housing  to  grip  both  plates,  and  square  base  for  bolting  to  frame.  Lead  wires  have  been 
soldered  to  octal  plug. 


Ship  your  product  to  us,  and  we  will  design  the  enclo 
sures,  and  complete  the  Fedelco-Sealing  job.  Or.  i f youi 
quantities  justify,  you  can  do  vour  own  Fedelco-Seal 
ing.  with  equipment  we  will  design  for  von. 


Get  Details  Now 

Send  us  a sample,  deserit 
your  requirements  and  proi 
lent,  and  we  will  give  yc 
complete  and  specific  info 
mation.  Write  or  phone  i 
today. 


Jts—  oAtr  .podolly  doilgnod  ondowr.i.  I.  Oblong  com  for  o lorgo  cloy,  with  load,  for  "“.ring i coonocftar.  «»*•«  i 
bow  for  8-32  mochin.  nm  2.  R.ctongolor  caw  for  ovlofion  typ.  trontformor,  ip.<HoHy  d.ngnod  to  » tom.  mounting 
tommy  hog  bofor.  mohturo  troobl.  mod.  F.dolco-Soollng  nocouory.  3.  Smoll  clay,  orrong.d  for  plog-m. 


Federal  Electric  Company,  Inc 


8700  South  State  Street,  Chicago  '9,  Illinois  • Phone  VINcennes  5300 
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Electricity 


FOR  ANY  JOB 
—ANYWHERE 


N.  J.  He  also  plans  to  resume  con- 
struction on  f-m  station  WGHF, 
New  York. 


★ ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electric  service 
for  electronics  applications  as  well  as  for  scores 
of  general  uses. 

Driven  by  Onan-built.  4-cycle  gasoline  engines, 
these  power  units  are  of  single-unit,  compact  de- 
sign and  sturdy  construction.  Suitable  for  mobile. 
Stationary  or  emergency  service. 


Mo  del  shown  It  from 
W2C  frit,  2 and 
3-KW,  60-cycle,  115 
toll;  powered  by  wo- 
far-cooled,  2-c yllnder 
engine 


"Models  range  from  350  to 
35.000  watts.  A.C.  types  from 
115  to  660  volts;  50.  60.  180 
cycles,  single  or  three-phase; 
400,  500.  and  800  cycle,  single 
phase;  also  special  frequencies. 

D.  C.  types  range  from  6 to 
4000  volts. 

Dual  voltage  types  available. 

Write  for  engineer- 
ing assistance  or 
detailed  literature". 


D.  W.  0\  A \ & SONS-  Minneapolis  S.  Minn. 


TOOLING: 


mm  MOLD  IT  E 

coses 


HIGHER  Q: 

New  formuloe  make  possible 
higher  O at  all  frequencies. 

PERMEABILITY: 

Accurate  powder  control  re- 
sults in  uniform  density  ond 
higher  permeability. 

FREQUENCIES: 

Q and  permeability  exactly 
os  specified  for  ultra  high, 
high,  medium  and  low  fre 


TOLERANCES: 

Modern  facilities  permit  rigid 
adherence  to  the  most  criti- 
cal mechanical  ond  electrical 
specifications. 


MOLDITE  CAPABILITIES  — engineering  and 

production  — are  integrated  to  meet  your  iron  core  re- 
quirements with  speed,  precision  and  economy.  Any  sixe 
run  and  the  most  critical  specifications  can  be  efficiently 
handled  with  product  uniformity  assured  throughout. 
Further,  the  capable  MOLDITE  engineering  staff  offers 
experienced  guidance  in  meeting  present  and  post-war 
iron  core  requirements  for  any  size  coil  or  transformer. 
Write  for  Moldite  Engineering  Bulletin  100 


Tools,  dies  and  fixtures  de- 
signed and  built  on  the 


lorm  production. 

PRODUCTION: 

Modern,  automatic  produc 
lion  assures  high  speed  econ 
omy;  guarantees  on  time' 
delivery  at  all  times. 
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AWARDS 

Workers  of  the  following  concerns 
in  the  electronics  field  have  been 
awarded  Army-Navy  burgees  for 
excellence  in  production: 

Eastern  Amplifier  Corp. 

New  York,  N.  Y. 

National  Union  Radio  Corp. 
Robesonia,  Pa. 

The  Workshop  Associates 
Newton  Highlands,  Hass. 

The  Bureau  of  Ordnance  E has  been 
awarded  to  the  following  firm  for 
cooperation  on  the  VT-fuse  project: 
International  Resistance  Co. 
Philadelphia,  Pa. 


Surplus  Parts  and 
Equipment  Agents 

Three  lists  handling  government 
surplus  electronic  parts  and  equip- 
ment of  manufacturer-agents  have 
been  released  by  RFC  (Reconstruc- 
tion Finance  Corp.).  They  cover 
agents  for  component  parts,  agenti 
for  complete  gear  of  their  own 
make,  and  agents  who  will  dispose 
of  products  of  other  concerns  as 
well. 


Advance  Trans- 
former 


COMPONENT  PARTS 

Addrma  C.WI— * 

1161  W.  Mad-  Twtow 
Ison  St 
Chicago,  III. 


Mr  Deafen  S Fab*  S<1  Fanfold  Aye.  Trendoroeil 
rieeBon.  Inc.  Upp«r  Derby,  Pa. 

Mnerlean  Phenolic  18 30 So.  MS  Aw. 

Corp.  Chicago  50,  IIL 


American  Trans- 
former Corp. 


1 78  Emmet  SL 
Newark,  N-  J- 


Tramforarn 


tnco  Produce  Co.  932  M*h«t  SL  Woman 
Patcnon,  N.  1. 

uco  Tramfomw  203  E.  Columbia  Wor~n 

a Eltc.  Dhr.  St  ., 

National  Mill  Fort  Wayn.,  Ind. 

Supply  Co. 

•rhea  and  William-  235  F.iffeld  Art  gf*0"' 
son  Co.  Upper  Derby.  Pa. 


ft  Mfg.  Co. 


1S2E*  Sp- 


ts  G.  Biddle 


1911  Arch  St 
Philadelphia  7, 
Pa. 


Vlbreft* 
Tacho»****i 
VibrathtJ  R«* 
Fraqetaev 


— ST 

Zo.  849  No.  Kedxle  CapK*» 
OikaM51.lll* 


Digitized  by  LnOOQle 


The  Ward  Leonard  line  of  rheostats  includes  the  widest  range  of  sizes,  tapers 
and  current  ratings  from  the  tiny  types  for  radio  to  huge  multiple 
assemblies  for  the  heaviest  industrial  use.  Smooth  operation,  durable  con- 
tacts and  extreme  dependability  characterize  all  Ward  Leonard  Rheostats, 
Resistors  and  Relays.  Write  for  bulletins  of  interest  to  you. 


WMD  LEONARD 

RELAYS  • RESISTORS  • RHEOSTATS 

Electric  control  (WLj  device*  Unco  1892. 


WARD  LEONARD  ELECTRIC  COMPANY  32  SOUTH  ST.  MOUNT  VERNON,  N.Y. 
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DIALCO  FOR  POST-WAR  PILOT  LIGHT  S 


Company 


G 


PERFECT  YOU 


PILOT  LIGHT  ASSEMBLIES 

HOUSING  NEON  OR  MAZDA  LAMPS 

GREATER  emphasis  on  luactional  design  is  the  trend  In 
post-war  engineering  of  Electrical-Electronic  Products. 
Mindful  of  this  fact.  Dialco  has  produced  a line  of  Pilot  Lights 
calculated  to  meet  readily  all  post-war  requirements.  Com- 
prising Waming-and-Signal  Pilot  Lights,  Panel  Lights,  lewel 
Assemblies,  and  Socket  Assemblies,  the  Dialco  line  offers  un- 
limited variations  in  functional  design,  size,  shape,  electrical 
characteristics,  color,  finish,  etc.  Special  emphasis 
on  applications  of  NEON  Glow  Lamps. 

Let  our  Engineering  Dept,  help  you  select  the  Pilot 
Light  best  suited  to  the  functional  design  of  your 
post-war  product. 

PLUS  LAMPS:  To  help  speed  production,  we  offer 
Pilot  Lights  completely  assembled  v/ith  the  required 
General  Electric  or  Westinghouse  Lamps. 


i S&rtte+uccc 


900  BROADWAY  • NEW  YORK  3,  N.  Y. 

Telephone:  ALgonquin  4-5180-1-2-3 
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Hyde  Perk  Blvd.  Rasters 
Niagara  Falls, 


Carborundum  Co. 

(Globar  Div.) 

-^1 

Allan  D.  Cardwell  81  Prospect  St  Canadian 
Mfg.  Co.  Brooklyn  1 , N.  Y. 

Chatham  Electronics  475  Washington  Radio  Tuba 
St 

Newark,  N.  J. 


Chicago  Condenser  3917  Fullerton 
Corp.  Ave. 

Chicago,  in. 

Chicago  Industrial  SI 9 W.  Chicago 
Instrument  Co.  Ave. 

Chicago,  III. 

Chicago  Treniformcr  4216  W.  bring  Trawdona an, 


Capaciton 


Elacboaiciad 

Associated 

Eqelp. 


Div. 

Essex  Wire  Corp. 


Cinch  Mfg.  Corp. 


C.  P.  Clare  A Co. 


Park  Rd. 
Chicago,  III. 

5335  Wait  Van 
Buren  St. 
Chicago  12,  III. 

4719  Sunnytide 
Ave. 

Chicago  30,  III. 


Cole  Instrument  Co.  1 320  So.  Grand 
(Electric  Products  Ave. 

Service)  Lo*  Angela*,  Cal. 

Consolidated  Radio  350  W.  Erie  St. 
Products  Co.  Chicago  10,  III. 


Electronic  Com- 
portent  Parti 


Switches, 

ReUyi 


Meten,  Tail 
Equipment 


Head  Sab, 


Continental  Elccbic  715  Hamilton  St 


Co. 

Control  Corp. 


Cords  Ltd.,  nc. 


Geneva,  III. 

600  Stinson  Bhrd.  Coils,  Trees- 
Minneapolis,  formers, 

Minn.  Chokes 


126  Orchard  St 
Newark.  N.  J. 


Cosmic  Radio  Corp.  699  E.  135th  St. 

New  York  54, 


Cord  Sets, 
Eleebicsl 
Conponmti 

Capaciton 


Davcn  Company 


Dean  W.  Davis  A 
Co.,  Inc 


Dc  Jur  Amsco 
Corp. 


191  Central  Ave  Residon 
Newark,  N.  J. 


Kcntiand, 

Indiana 


Trandonsen. 

Coih.Solastoldi 


North*,  bw.  gmjcMjj 

45  St  Potent*.*" 
Long  Island  City  1 , 

N.  Y. 


Tobe  Dcutschmann  863  Washington  Capacitor*- 


Corp. 


Dumont  Electric 
Company 


Thos.  A.  Edison, 
Inc. 


EHcl-McCullough, 

Inc. 


St 

Canton,  Mass. 


Bites. 

Noise  Metan 


34  Hubert  St  Capaciton 
New  York.  N.  Y- 

51  Lakeside  Ave.  P***el 
West  Orange. 

N.  J. 

525  West  13th  St. 

Salt  Lake  CHy.  «“»"• 
Utah 


Electrical  Reactance  49  Elm  St  r-nadW*. 

Corp  Franklmville.N.Y. 

biles 


Electrical  Utilities 
Co. 


La  Salle.  III. 


Electrical  Windings,  2015  No.  Kolmar  [randoms*. 
Inc.  Ave.  ...  Co,H 

Chicago,  III. 

IB  1 r-ml  St  Trandom*1- 

31.91k  ».  j-gj* 

Rectifiers 


Elcctricoil  Trans- 
former Co. 


El«ctro-Motiv«  So.  P*h  * J"*"  <■****' 

M!,‘  C°'  Willim.ntk,Co«>. 

ElKtronlcDw^oe- 133BN.Sj<HI. 

Noh«W* 


Creek  Rd. 
Omaha  3.  Nebr. 


Electronic  Engin- 
eering Co. 

Electronic  Enter- 
prises, Inc 

Electronic  Trans- 
former Co. 

Electro- Voice 
Corp. 


y3W.QM.St  £*» 

Wrrtf*" 
In***" 

r*» 


Chico,  III. 

67  Sm.*A" 

N«w«h  4,  N.  J- 

105  W.  « St 
N.w  Yoih.  N.  Y. 

1539  So.  B«kI 

South  Bond.  *«A 


W«-» 

MiooPh** 


Dkm  W 


fMj_atc»oNlCS 
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Eric  Resistor 
Corp. 

644  W.  1 8*  St 
EH.,  P*. 

Capacitors 

John  E.  Foil  A Co. 

3183  No.  I*»U*I  Copodton. 

Pd.  Choke  Coils 

Chicago  41 . III. 

Federal  Telephone 
& Radio  Corp. 

591  Brood  SL 
Nowork,  N.  J. 

Radio  Com- 
ponent Parts 

General  Electric 

Co. 

Bldj.  867. 

Rivoi  RJ. 

Scfconoctody.N.y. 

Electron  Tubes 

G«nc»i  ElKtexilci,  1819Bro*kMy 
Ik.  Naw  Vo*  83. 

N.  V. 

Power  Tubes! 

Glenn-Roberts  Co. 

3100  E.  10  St 
Oekland  1 , Calif. 

Transformers. 

Capacitors. 

Chokes 

Gruen  Welch  Co. 

Cincinnati,  Ohio 

Panel  Indenting 
Instruments 

Guardian  Electric 
Mfe.  Co. 

1 400  Washinfton  Relays, 
Bbd.  Solenoids 

Chicago  7,  III. 

Hammarlend  Mlf. 

Co. 

460  W.  34  SL 
N«yoHci.N.y. 

Resistors, 

Capacitors 

Herotlea  Electric  A 
Mf*.  Co..  Inc. 

8500  Adontk 
Av«. 

Brooklyn  7.  N.  y. 

Transformers, 
Reactors. 
Osoke  Grits, 

H.R.S.  Radio 
Products 

5707  W.  Lokt  St.  CmmcHok 
Oik. to.  III. 

Hudson  American 
Corp. 

25  W.  43  St 
New  York  It, 
N.  Y. 

Transformers, 

^Components 

Hytron  Radio  A 
Electronics  Corp. 

76  Lafayette  St 
Salem,  Mass. 

Receiving  and 
Tim— ibtinf 
Tubus  | 

Illinois  Condenser 
Co. 

1160  No.  Howe 
St 

Chicago,  III. 

Capacitors 

Industrial  A Com- 
merciel  Elec- 
tronics 

P.O.  Bos  296, 
Belmont,  Calif. 

Transmitting 
Tubes,  Vacuum 
Condensers, 
Components 

hrtaM.1  CoMtnMT  3843—65  No. 
Cora.  .Ml  Av.. 

CkieMO  18.  III. 

Capacitors 

Indmhial  Trans- 
former  Corp. 

2340  Belmont 
Ave. 

New  York  58, 
N.  Y. 

Transformers 

Insuline  Corp.  of 
America  Inc. 

3602  35  Ave. 
Long  Mend  City, 
N.  Y. 

Various 

Electronic 

Products 

International  Resist- 
ance Co. 

401  No.  Brood  SL  RoMon 
PklbdalpM,.  Pa. 

Jensen  Radio  Mb. 
Co. 

6601  So.  Laramin  Spartan, 
Av«.  TwidonwOT 

Oiic.,0  38,  III. 

E.  F.  Johnson  Co. 

206  Second  Aye., 
S.  W. 

Waseca,  Minn. 

, Capacitors, 
Hardware, 
Inductor^ 

Kern  Red  Db. 
General  Electric 
Co. 

3rd  A St  Eliza- 
beth Sts. 
Owensboro, 
Kentucky 

Receiving  and 
Tran— Rtlng 
Tubes 

Ltwb  Electronics 

16  Lyndon  St 
Los  Gatos,  Calif. 

Tran— bring 
Tubes 

Llfht  Elecfrk  Com-  214  Lackawanna 
P*»V  Ave. 

Newark  4,  N.  J. 

Transformers 

Mgdbon  EJkMc.1 
Pradocb  Cora. 

78  Main  St 
Madison,  N.  J. 

Resistor 

Monin  IndnMot 

500  Fifth  Ave. 
New  York,  N.  Y. 

Transformers 

MicmoMIbdia 

Com. 

1087  Flushing 
Ave. 

Brooklyn,  N.  Y. 

Capacitors, 

Resistors 

Ago*  c Mills 

9226  Hudson 
Blvd. 

N.  Bergen,  N.  J. 

Crystal 

Assemblies 

Milwaukee  Resistor  130- A West 
Company  Pittsburgh 

Milwaukee,  Wise. 

Resistors 

Muter  Company 

1255  So.  Mich- 
igan Ave. 
Chicago,  III. 

Resistors,  Coils' 

Capacitors 

Switches 

National  Scientific 
Products  Co. 

501 3-25  No. 

Kedzie  Ave. 
Chicago  25.  III. 

Crystal  Oscil- 
lators. Head- 
sets, Portable 
Electric 
Megaphones 

To  Those  Who  Require 


The  Best 


'■’HIS  advertisement  is  addre 
manufacturers  of  electronic 
whose  product  demands  the  best  ir 
parts — who  will  want  the  best  in  t 
if  “the  best”  is  offered  at  a price 
the  cost  specifications  of  their  finisl 


sed  to  the 
equipment 
componen  t 

tinsformers, 
hat  will  fit 
ied  product. 


By  adapting  to  peace-time  use  th 
tures  of  the  Hermetically-Sealed 
construction  that  won  war-timd 
Chicago  Transformer  is  prepared  t< 


best  in  transformers  to  those  who  rlquire  them 


Fully  developed  basic  mounting 
utilized  on  a mass  production 
basis,  will  provide  the 
element  of  economy 
in  manufacture. 


major  fea- 
ransformer 
leadership, 
provide  the 


Larts,  when 
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THE  SPEED  IRON 


joint,  in*  coppor  loop  aoiavnng  tip  parmits 
working  in  tight  spots.  Thu  hoot  is  prodacod 
by  thu  high  current  flowing  through  th* 
soldoring  tip — permitting  direct  and  fast 
transfer  to  the  soldered  connection. 

If  you  want  to  sare  time  on  soldering  jobs 
with  a tool  that  is  ready  to  use  in  5 seconds, 
get  a Speed  Iron  today.  See  your  radio  parts 
distributor  or  write  direct. 


Wherever  you  have  a soldered  joint  in  radio, 
electrical  or  electronic  repair  and  service 
work,  the  Speed  Iron  will  do  the  job  faster 
and  better. 

The  transformer  principle  gives  high  heat — 
In  5 seconds — after  you  press  the  trigger 
switch.  Convenient  to  hold  with  a pistol  grip 
handle,  the  compact  dimensions  of  this  new 
soldering  tool  permit  you  to  get  close  to  the 
*T M.  Reg  U.  S.  Pat.  Off. 


WELLER  MFG.  CO 


hr  X 250-450  VOLTS 

r \ Wide  fields  of  application  have  been  opened  up  both  in 
. \ research  and  industry  for  this  unit.  A-C  ripple  is  negligible 

and  extreme  care  has  been  taken  to  eliminate  high-fre- 
quency noise.  Regulated  power  supply  units  are  invaluable  for 
such  applications  as  amplifiers,  television  pulse  generators, 
constant  frequency  oscillators,  and  measuring  equipment. 

Other  G-E  regulated  power-supplies  are  available  in  the  follow- 
ing ranges:  180-300  volts  160-1 500  volts  Dual  Regulated 

Write  today  : Electronics  Department,  Specialty  Division, 
General  Electric,  Syracuse,  N.  Y. 
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Addroae 

Component 

Notional  Union 

1 5 Washington  St 

. Receiving  and 

Radio  Corp. 

Newark,  N.  J. 

Transmitting 

Tubes 

Newark  Transformer  1 7 Frclirghuyscn 

Transformers, 

Co. 

Ave. 

Newark,  N.  J. 

Reactors 

Nawton  Co. 

244  W.  23  St. 
New  York  1 1 , 

Transformers 

N.  y. 

New  York  Trans- 

26 Wevcrly  PI. 

Transformers 

former  Co. 

New  York  3.  N.Y. 

North  American 

100  E.  42nd  St. 

Electron  Tubes 

Philips  Co.,  Inc. 

New  York,  N.  Y 

Ohio  Carbon  Co. 

12508  Berea  Rd. 
Cleveland,  Ohio 

Resistors 

Oxford-Tartak 

3911  S.  Mich- 

Speakers 

Radio  Corp. 

igan  Ave. 
Chicago,  III. 

Pcrmoflux  Corp. 

4900  West  Grand  Headsets. 

Ave. 

Chicago  39,  III. 

Speakers 

Precision  Resistor 

334  Badger  Ave 

Resistors 

Co. 

Newark  8,  N.  J. 

Premier  Electronics 

4849  North 

Transformers 

Products,  Inc. 

Western  Ave 
Chicago,  III. 

Presto  Elecfcic  Co. 

4511  New  York 
Ave. 

Union  City,  N.  J. 

Resistors 

Ouem-Nichols  Co. 

33  PI.  A Cottage 
Grove  Ave. 
Chicago  16,  III. 

Speakers 

Radio  Corporation 

Camden 

Electron  Tubes 

of  America 
RCA  Victor  Div. 

New  Jersey 

lUdio  Development  533  W.  S3  St. 

Electronic 

» Reseetcti  Cwp.  New  Yo*,  N.  Y. 

Equipment 

Radionic  Controls 

3758  W.  Belmont  Relays. 

Aye. 

Chicago  18,  III. 

Transformers 

Raytheon  Mfj.  Co. 

55  Chapel  St 

Receiving  and 

Newton  55,  Mass. 

Transmitting 
Tubes,  Trans- 
form era 

R-B-M  Mfg.  Co. 
Div. 

E*»«x  Ware  Corp. 

Lrr* 

Relays 

Rad  Arrow  Eleckic 

132  Lincoln  PI. 

Transformers 

Corp. 

Irvington,  N.  J. 

Raimcn  Elec.  Appl. 

596  56  St 

Wire  Wound 

Co.,  Inc. 

West  New  York, 

Resistors 

N.  J. 

Sengamo  Electric 

Co. 

1 1 th  A Converse 
St 

Capacitors 

Springfield,  III. 

Shallooss  Mfg.  Co. 

Jackson  A Posey 
Ave. 

Collingdale,  Pa. 

Resistors 

f-  V.  Sickles  Co'. 

1 65  Front  St. 

Capacitors. 

Chicopee,  Mass. 

Coils,  Chokes, 
Subassemblies, 

Potentiometers 

Simpson  Electric 

5218  West  Kln- 

Palcn  Instru- 

xie St 

ments,  Test 

Chicago,  III. 

Equipment 

Sbter  Mfg.  Co. 

728  Atlantic  Ave.  Power  Tubes 

Brooklyn,  N.  Y. 

Sola  Electric  Co. 

2525  Clyboum  St  Transformers 

Chicago,  III. 

Sokr  Mfg.  Corp. 

285  Madison 
Ave. 

New  York  17. 

Capacitors 

n.  y. 

Sonotone  Corpora- 

Elmsford, 

Tubes.  Heed 

tion 

New  York 

seta,  Trans- 
formers 

Core,  ot 
Chicago 

830  W.  Superior 
St 

Speakers 

Sparti,  Inc 

Chicago,  III. 
Beech  A Kenil- 

Beckon Tubes 

worth  Ave. 
Cincinnati,  Ohio 

Standard  Arcturus 
Corp. 

30-34  Court  St 

Receiving 

Newark  2.  N.  J. 

Tubes 

SUnderd  Coil 
Products  Co. 

2329  No.  Pulaski 
Rd. 

Chicago,  III, 

Radio  Coils, 
Crystals 

Mail  Coupon  NOW  for 

CONCORD 

Victory  Clearance 
Flyer-FREE! 


Check  These  Typical 
CONCORD  VALUES! 


Ready  now!  32  Bargain-packed 
pages  listing  thousands  of  stand- 
ard-make, top-quality  radio  parts 
and  electronic  supplies  — now 
available  without  priority  at  low 
VICTORY  CLEARANCE  prices. 
The  values  listed  at  the  left  are 
typical  of  the  important  savings 
offered  in  Meters,  Condensers, 
Transformers,  Resistors,  Controls, 
Switches,  Relays,  Test  Equipment, 
Generators,  Microphones,  Tools,  and 
hundreds  of  Repair,  Replacement, 
and  Accessory  Parts.  On  special 
requirements,  Concord  experts  are 
ready  to  help  you  in  expediting  and 
speeding  action  on  essential  needs. 


Order  Today  for 
Shipment  Tomorrow  from 
CHICAGO  or  ATLANTA 


Huge  stocks  in  two  convenient 
warehouses— one  in  CHICAGO  and 
one  in  ATLANTA— are  ready  to 
supply  you  quickly  with  needed 
parts  of  dependable,  nationally- 
known  quality  — and  at  VICTORY 
CLEARANCE  prices  that  mean  real 
savings.  Mail  the  coupon  below 
NOW  for  your  FREE  copy  of 
CONCORD’S  VICTORY  CLEAR- 


Output  Transformer 

H e r m e 1 1 c n 1 1 y 
sealed.  Six  studs. 

1.  2.  and  3 are 
pri.  4.  5.  and  6 ' 
the  sec.  Pri.  ind  . 

at  5 V.  1000  cv  | 

.20  11.  Ratio  sec. 
to  pri . 3.02:1. 
size:  3 Vi"  x 2*Uu"  SB- 
5045  Your  cost  $1.95 


Mobile 

High 

Voltage 

Power 


Input  12 
V at  10 
amps. 

Output  consists  of  two 
voltage  ranges:  (1)  275 
at  110  ma  (21  500  at 


. C.  Milliommeters 


■V'  flange  mtg.  type, 
etal  case  dull  black 
aish.  G E.  0-200  M. 
. C 1 0650 

pecially  Priced  $4.95 


Plate  Power 
Transformer 


Pri.  tapped  at  115. 
117  and  120  V A C 
Sec.  output  850  V at 

200  ma  c.  t 4^ 
x 3\”  W x 3’,  W H. 
5B5035 

YOUT  cost  $4.29 


Dry  Electrolytic 
Condenser 


Hermetically  sealed. 
Size.  IV'  x 3".  Can 
negative  Cap  40 
mfd.  at  475  volts;  15 
mfd  at  350  volts;  15 
mfd  at  150  volts;  20 
mfd  at  25  volts.  SB- 
3161  Each  59c 


50  ma.  5B9518 

Your  cost  $39.50 


ANCE  Flyer. 


Concord  Radio  c°», 

LAFAYETTE  RADIO  CORPORATION 
CHICAGO  7.  III.  * * ATLANTA  3,  GA. 

901  W.  Jackson  Blvd.  265  Peachtree  Streat 


a CONCORD  RADIO  CORPORATION 
I 901  ft.  Jackson  Blvd. 

J Depf.G-1  25, Chicago  7,  III. 

I Please  RUSH  FREE  copy  of 
■ CONCORD  S new  32  page 
I VICTORY  CLEARANCE  Flyer. 


300  Watt  Rheostat  , 


rire  wound.  Vitreous  en- 
nelod.  Cast  aluminum 
»se.  6"  dia.  2 2 deep. 

100  ohms.  5B9517 

Your  cost  $3.95 


I Address ■ 

I I 

I City  State I 
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Let  us  tell  you  about  our  unusual 
service  to  manufacturers  requir- 
ing small  sheet  metal  parts 

SEND  FOR  NEW  CATALOG 


RTERBURY 

METAL  PARTS 


WATERBURY  COMPANIES.  INC. 

FORMERLY  WATERBURY  BUTTON  CO..  EST.  1812 

McGRAW  AVE.,  WATERBURY.  CONN. 


An  Invitation  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


FOR  BRUSHES 

High  current  density,  low  contact  drop,  low 
electrical  noise,  and  self-lubrication  are 
characteristics  of  this  silver-impregnated 
molded  graphite  that  moy  be  the  answer 
to  your  electrical  brush  problems 


FOR  CONTACTS 

Low  contact  resistance  and  non-weldmg 
when  breaking  surge  currents  are  inherent 
properties  of  this  unique  combination  of 
conductive  silver  and  self -lubricating 
graphite 


SAMPLES  of  Silver  Graphalloy  will  be  gladly  furnished  for  test  on  your  applications 
Silver  Graphalloy  is  usually  silver  plated  to  permit  easy  soldering  to  leaf 
springs  or  holders  Why  not  WRITE  NOW  for  your  test  samples?  ^ j 

GRAPHITE  METALLIZING  CORPORATION- 

1055  NEPPERHAN  AVE  • YONKERS.  NEW  YORK  t~-T'  1 


What  Makes  A 
Mailing  Click? 


# Advertising  men  agree 
— the  list  is  more  than  half 
the  story. 

McGraw-Hill  Mailing 
Lists,  used  by  leading  manu- 
facturers and  industrial  serv- 
ice organizations,  direct 
your  advertising  and  sales 
promotional  efforts  to  key 
purchasing  power.  They 
offer  thorough  horizontal 
and  vertical  coverage  of 
major  markets,  including 
new  personnel  and  plants. 
Selections  may  be  made  to 
fit  your  own  special  require- 
ments. 

New  names  are  added 
to  every  McGraw-Hill  list 
daily.  List  revisions  are 
made  on  a twenty-four  hour 
basis.  And  all  names  are 
guaranteed  accurate  within 
two  per  cent. 

In  view  of  present  day 
difficulties  in  maintaining 
your  own  mailing  lists,  this 
efficient  personalized  service 
is  particularly  important  in 
securing  the  comprehensive 
market  coverage  you  need 
and  want.  Ask  for  more 
detailed  information  today. 
You'll  probably  be  surprised 
at  the  low  over-all  cost  and 
the  tested  effectiveness  of 
these  hand-picked  selections. 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


Me  G RAW-HILL 

DIRECT  MAH  LIST  SERVICE  ] 


McGraw-Hill  Publishing  Co.,  Ik- 

direct  MAIL  DIVISION 
330  WEST  42nd  ST. 

NEW  YORK  18.  N Y 


3TB 
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Compsny 
Standard  Trans- 
former  Corp. 

Address 

1500  No.  Hal- 
stead St. 
Chicago,  HI. 

Transformers, 

Chokes. 

Reactors 

Soper  Eleckk 
Products  Corp. 

1057  Summit 
Ave. 

Jersey  CKy.  N.  J. 

Eleckonk 

Equipment 

Transformers, 

Switches 

Supreme  Instalments  Howard  Si. 

Corp.  Greenwood,  Mbs. 

Radio  Tasting 
Equipment 

Sylvan  la  Eleckk 
rrooHco,  rk. 

Emporium, 

Pennsylvania 

Electron  Tubes 

Taylor  Tubes,  Inc. 

2342  Wabentia 
Ave. 

Chicago  47,  III. 

Transmitting 

Tubes 

Tech  Laboaelories 

337  Central  Ave. 
Jersey  City  7, 

N.  J. 

Resistors 

Tharmador  Elec- 
trical Mfg.  Co. 

5119  S.  Riverside  Transformers, 
Dr.  Chokes. 

Los  Angeles  22,  Reactors 

Calif. 

Thordarton  Eleckk 
Mfg.  Dfv. 

Indualrics 

500  W«t  Huron 

a. 

Olka  to.  m. 

Tramformen 

Coils 

Transformer  Prod- 
ucts, lac 

143  W.  51  SL 
Nn  York,  N.  Y. 

Transform  art 

Trenelite,  Inc. 

639  Kent  Ave.  Power  Tubes 
Brooklyn  11.N.Y. 

Trefx  Mfj.  Co. 

38-1 1 Main  St 
Fludiing,  N.  Y. 

Resistors, 
Test  Equip- 
ment 

Triplett  Eleckkal 
Instalment  Co. 

Harmon  Road 
Bluffton,  Ohio 

Panel  Instru- 
ments 

Tung-Sol  Lamp 
Works,  Inc 

95  Eighth  Ave. 
Newark  4,  N.  J. 

Receiving  and 
Power  Tubes 

Undwwood  Ekarfc  3110  W.  Grand 
A Mis.  Co.,  Inc.  Ave. 

Oik. so  11.  III. 

Capacitors 

Unitad  Electronics 
Co. 

54  Spring  St 
Newark.  N.  J. 

Transmitting 

Tubes 

United  Tramformer 

Co. 

150  VarkkSt. 
New  York  1 3. 
N.  Y. 

Tramformen, 

Reactors, 

Filters 

Universal  Micro- 
phone Co. 

Centinela  at  War- 
ren Lane 
Inglewood,  Calif. 

Ward  Leonard 
Eleckk  Co. 

31  South  St  R«Mon 

Mt  Vamon,  N.  Y. 

Weston  Electrical 
Inurnment  Corp. 

614  Frelinghuy- 
sen  Ave. 
Newark  5.  N.  J. 

Panel  Instru- 
ments 

Winters  A Cramp- 
Ion  Corp. 

Granville, 

Michigan 

Capaciton 

EQUPMINT  OF  OWN  MAKE 

Compaay 

Air  Communications,  Inc. 

A.R.F.  Products 


Automatic  Radio  M fg.  Co.. 


Aviola  Radio  Corp. 
Belmont  Radio  Corp. 


Jemtt  G.  Biddle  Co. 


Allen  D.  Cardwell  Mfg.  Corp.  81  Prospect  St 

Brooklyn  I.N.Y. 

D«vid  Bogan  Co..  Inc.  633  Broadway 

New  York.  N.  Y. 

Bruno-New  York,  Inc.  460  W.  34th  St.  _ 

New  Yorfc  .1,  N.  Y. 

Communication  Measurements  1 20  Greenwich  St 

Lab.  New  York,  N.  Y. 

Communicetiom  Co.,  Inc.  2700  Ponce  de  Leon 

Blvd. 

Corel  Goblet,  Flo. 

Cover.  Duel  Signal  Systems.  Inc.  5217  North  Revent- 
wood  Ave. 

Chicago,  III. 

Crotley  Corp.  1 325  Arlington  St 

Cincinneti,  Ohio 

D^«tiCo.  191  Central  Ave. 

Newark,  N.  J. 


Address 

2233  Grand  Ave. 
Kansas  City,  Mo. 

771 3 West  Lake  St 
River  Forest,  III. 

1 22  Brookline  Ave. 
Boston,  Mass. 

703  W.  Ivy  St 
Glendale,  Calif. 

5921  West  Dtvkens 
Ave. 

Chicago,  III. 

1211  Arch  St 
Philadelphia  7,  Pa. 
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Speed  Your  Production  With  This 
Money-Saving  Automatic  Inspector 


ROTOBRIDGE 


Checks  a Circuit  a Second! 

Instantaneous  and  accurate,  the  Rotobridge  functions  with 
robot-like  fidelity  in  checking  wiring  errors,  resistance  and 
reactance  values. 

Designed  for  continuous  24-hour  duty,  the  Rotobridge  does 
your  Hiding  exactly.  Do  you  wish  a 10%  resistance  toler- 
ance at  one  point?  A 25%  capacity  tolerance  at  another 
spot?  The  Rotobridge  gives  it  to  you  — automatically  and 
accurately. 

An  error  detected?  The  Rotobridge  stops  cold,  flashes  on  a 
red  signal,  which  winks  insistently  until  the  defect 

is  attended  to. 

The  Rotobridge  can  be  put  to  work  on  several  small  sub- 
assemblies  or  on  a complete  set,  involving  as  many  as  120 
circuits.  Want  to  inspect  a 30  or  40  tube  set-up?  Two  or 
three  of  these  robots,  working  simultaneously,  will  do  the 
trick  ...  in  five  minutes  flat! 

Write  for  complete  details. 

Communication  Measurements  Laboratory 

120  Greenwich  Street  • New  Y ork  6.  N.  Y. 
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SCREW  MACHINE  PRODUCTS  CO..  INC 

” stum,  ■■(on.,  , . , 


D«W*ld  fUdio  Mfj.  Co»D. 
Eastern  Amplifier  Corp. 


TlAOiQj 


0 lAmtricj 


Electronic  Development  L«b 
Enwion  Radio  A Phono*iph 
Erco  Radio  Laboratoriei,  Ik 


Fairchild  Gmtra  A Instrument 
Corp. 

Federal  Telephone  A Radio 
Corp. 

Finch  Telecommunications,  Inc 


Guided  Radio  Corp 


Hallicraften  Co. 


Hammarlund  Mfg  Co. 


Hewlett-Packard  Co. 


Howard  Radio  Co. 


Lorain  County  Radio  Corp. 


Maguire  Indmfries,  Inc. 


Majestic  Radio  A Television  5 


Megard  Corp. 


Monarch  M fg.  Co. 


Pedterd-Bell  Co. 


A *ku  j ?S  5atc  of  interlacing 

cables  has  just  teen  developed  by  f 

m.r'Tie8t  ,n.ventor-  Lowered  auto* 
mattcally  as  the  train  approaches,  it  is 
•"fficentlv  resilient  to  Eb£„la« 

Sho8  7 eVe"  “*  8peeds  of  50  ">»« 

A8  industry  turns  from  War  to  Peace 
we  will  witness  scores  of  similar  advances 
m automatic  equipment  depend.ng  ^ 
precision  parts  for  efficient  S 


At  Ericsson,  we  are  always  glad  to 
consult  with  manufacturers  who  are 
pioneering  new  designs  for  wide  markets 
. . . and  whose  blueprints  call  for  parts 
of  close  tolerance  that  can  lie  produced 
on  a low-cost,  mass-production  basis. 

(Bmlou)  Some  of  the  mini  ak  ■ 

tiiouunda  of  our  precision  KEmrfB 

Peru  that  helped  "Keep  BSE/iSO*1* 


Pioneer  Electric  A Rmardi 
Corp. 

Precnion  Apparatus  Co. 


Operation 


cm  flying  and  fighting. 


Dtttmbtr  tW 
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See  DONGAN  About  Transformers 


IN  PERFORMANCE 
AND  CLARITY- OF  TONE 


PERFECTION 

electric  company 

829  Sou™  STATE  STREET 
CHICAGO 


5,  ILLINOIS 


Makes  More 
Than  Just  STEATITE 

Find  Out  Now  About 


STAR 

CERAMICS 


There  are  many  kinds  for 
special  uses,  such  as  appli- 
cations calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  are  more  than 
a score  of  formulas  in  actual 
production  at  one  time  in  our 
factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod- 
ucts." It  is  right  to  the  point. 


If  your  product  requires  heavy  duty 
filter  reactors,  swinging  reactors,  or 
plate  transformers,  write  us  for  quo- 
tation. 

We  are  already  booking  orders  for 
next  yearl  First  come— first  served! 


DONGAN  ELECTRIC  MFG.  CO. 

2977  Franklin  'Detroit  7,  Mich. 


Jhe  STAR 

PORCELAIN  CO 

Electronics  Dept. 

Trenton  9,  N.  J. 


The  Dongan  Line  j We  Invite 
Since  Nineteen-Nine  j 


We  designed  our  famous  Blue  Ribbon  Resistor  in  1939.  It  was 
the  first  flat  or  strip  resistor  in  the  field.  Now  there  are  others  of 
similar  type,  but  our  Blue  Ribbon  still  leads  the  field  and  still 
holds  first  place  which  its  name  signifies.  It  is  compact,  tough,  and 
its  remarkable  performance  offers  you  far  more  than  just  higher 
wattage  ratings  for  unit  space  required.  And  our  other  resistors 
and  rheostats  offer  you  exclusive  advantages  also. 

HARDWICK,  HINDLE,  INC.  rheostats  and  resistors 

DIVISION  OF 

THE  NATIONAL  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  established  ism  g $ 


PERFECTION  Bran 

SPEAKERS 

embodying 

ALNICO  5 
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4,000  Part*  Per  Day 
with  DI-ACRO  Bender 

H«e  la  •»  example  ®f  “DIE-LESS  DUPLI- 
CATING" typical  of  a great 
formed  parts  readily  made  with  DI-ALKO 

Precision  Machines,— Benders, 

Shears  Picture  below  shows  an  acute  right 

25USS  ph°wgraPh  *>r?  •tyh; 

■»"  ,“™1 tl  DI-ACRO  W,» 

maintain  a high  out-put  on 
production  work. 

Send  for  CATALOG 

showing  DI-ACRO  Precision 
Machines  and  many  examples 
of  parts  made  with  "DIE- 
LESS DUPLICATING.” 

Hioiiuunwe.  “u»fc-AUK-HU  t 


“Enclosed  pictures  In  our  plant  prove  the 
DI-ACRO  Bender  will  do  a real  production  Job. 
We  are  making  4,000  completed  ports  per  day 
which  ia  competitive  to  most  Power  Presses.” 

(Name  on  request)  


3a!  eighth  AVENUE  SOUTH 


MINNEAPOLIS  15.  MINNESOTA 


Leading 
makes  of 

REIMS 

and 

SWITCHES 


Suc&t  s*  nmMlMAtt  VtiiavUf 

„ faster  service  from  Allied,  because  many  makes  and  types  are 

\tfa\ized  here- such  as-  ^ ^ «WITCHES*,*^otv”c,HT,,AU,“ 
. ue . rorra*  * muswnm- SWITCME5.  cutiblnammir— hast 
f|>Y5.  4Mso*man-o*n«ai iiicrsic-FmaAi- 

fvtuw  r_i»  yoitag**'  . 

ronioci.  ond  lo  ALLlED First.  Write,  Wirt,"  Phene  Haymarktt  6800. 

SaveTimeanW*-  ■MHi 

21teo  RADIO  CORP. 

At1  IE  0 . • Chl.o.o  7 


Helpful 

BUYING 

GUIDE 

on  request 
Write  lor  it ! 


Company 

Ragland  Corp. 

At 

4! 

a 

Ray  Energy  Corp. 

3? 

Nt 

Ray  Jefferson,  Inc 

40 

Fn 

Raytheon  Mfg.  Co. 

Of 

Nt 

Reiner  Electronics  Co  , Inc 

15 

Nt 

Render  Co.,  Ltd. 

21 

So, 

Frank  Rciber,  Inc  * 

11 

w 

Shallaou  Mfg.  Co. 

J« 

Ca 

Sharidan  Electro- Voice  Corp. 

88 

Ch 

Shtrron  Electron  la  Co. 

12 

Bn 

Smith-Meek  cr  Engineering  Co.  it 
Ni 

Solar  Mis.  Corp. 

88 

Nt 

Stromberf-Carbon  Co' 

10 

Ra 

Super  Electric  Product*  Corp. 

10 

Je 

Taybem  Equipment  Co. 

12 

Nt 

Technical  Apparatus  Co. 

11 

Ba 

Transmitter  Equip.  Mb-  Co.. 
Inc 

34 

Nt 

Trav-Ler  Karenola  Radio  A 
Television 

10 

Ch 

U.  S.  Television  Mfg.  Corp. 

10 

Nt 

United  Cinephone  Co. 

To 

Co 

Vaidaphone  Co. 

13 

Lo 

Viewtone  Co. 

20 

N. 

Winsldw  Co. 

9 1 
Nt 

EOUVMENT  OF  AN 

Aviola  Radio  Corp. 

70 

Gl 

Belmont  Radio  Corp. 

16 

0 

Communication  Measurements 
: Lab. 

m 

Nt 

Electronic  Corp.  of  America 

45 

N, 

Electronic  Designs,  Inc 

IK 

Nt 

Emerson  Radio  I Phonc*#ph 
Corp. 

Hi 

Nr 

Federal  Telephone  A Radio 
Corp. 

591 

Nr 

Halliaaften  Co. 

161 

On 

Hoffman  Radio  Corp. 

341 

La 

Majestic  Radio  R Television 
Corp. 

160 

OHc 

Northern  Radio  Co. 

no 

S«4 

Pockard-Bcll  Co. 

111 

La 

Remler  Co.,  Ltd. 

ItO' 

Sa 

Trav-Ler  Karenola  Radio  A 
Television 

10k 

ft 

Ola 

Technical  Apparatus  Co. 

1171 

Bat 
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For  Police  Cara  and  Other 
Mobile  Installations 


Premos  Antennas 

Solid  Stool  Oil-Tempo  red  Anten- 
nas that  will  stand  abuse  and  yet 
bring  in  the  typo  of  reception  you 
want  Send  for  Bulletin  1145.  show- 
ng  Premax  Treated  Antennas  and 
Mountings. 


| 

cm  c/x  //-Of/i/c/sll 


ilvlsies  Ckhholm-Hydor  Co.,  lac. 

tol 1 Highland  Ava.,  Niagara  Falls,  N.  Y. 


SCREWS 


Just  "knowing  how"  is  not 
enough. 

Only  to  a few  is  granted 
that  combination  of  expe- 
rience, organization  and 
equipment  which  sets 
them  apart  as  specialists. 

We  can  rightfully  claim 
that  distinction  — we  are 
specialists  in  screw  pro- 
duction. If  you  have  a 
special  screw  problem, 
consult  us. 


KteNE.  NEW  HAMPSHIRE 

machine  screws  plastic  insets 

SHEET  METAL  SCREWS  HOLDING  PINS 
MACHINE  SCREW  NUTS  SPECIAL  RIVETS 
ALL  TYPES  OF  HEADS  AND  THREADS 


Both  Cotton  and  Rayon 
Flock  are  available  immedi- 
ately in  a variety  of  colon. 


A trial  application  will  show 
you  how  aatily  this  versatile 
matarial  may  ba  handlad  . . . 
how  practical  It  li  for  tha 
abova  mantionad  uses. 


Write  for  Booklet,  Color 
Card,  Samples  and  Prices 


HAS  MANY  USES 
IN  RADIO 

1.  Coating  cabinat  interiors  dissipates  re- 
flections and  adds  acoustical  qualities. 

2.  Coating  tho  edges  of  ad|oining  parts 
before  assembly  eliminates  vibration. 

3.  Coating  wire  grills  adds  a smart  finish 
at  low  cost. 

4.  Coating  phonograph  turntables  adds  a 
soft  non-scratching  cushion  for  records. 

5.  Coating  cabinet  bases  lends  a soft 
velvety  "feel"  and  protection  to  table 
and  desk  tops. 


■flLMCO 


MIRACLE 


SPEAK! 


By1'  Cinaudagraph  Speakers  arc 
BP  known  the  world  over  for  tone, 
stamina,  engineering  perfection 
and  design.  Consider  the  use  of 
Alinco  5, newest  miracle  metal  that 
gives  4 times  the  performance 
without  weight  or  size  increase, 
add  this  to  scores  of  other  Cinau- 
dagraph Speaker  achievements 
and  you  have  the  reasons  why 
Cinaudagraph  Speakers  are  "The 
Finest  Speakers  in  all  the  World." 


| ^inaudagraph 

A division  OF  Aireon 

3911  SOUTH  MICHIGAN  AVENUE,  CHICAGO 

“,%<>  ffined  yfieaAet  in  a//  i/te  tyict/d 
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Too  Small  to  be  Effective 

CERTAINLY  NOT!  Mh  Pi6m. 

No  matter  how  email  “Unbrako”  Self-Locking  Socket  Set 
Screws  are.  their  accuracy,  hardness  and  itrength  are  just 

at  outstanding  at  In  the  larger  sizes.  And  the  •mailer  ^Tl  1 I I ] ft  I 1 r/\ 

they  are.  the  more  Invaluable  they  become  to  the  radio.  flll  'Lv||l  f IB 

electronic!  and  small  electrical  manufacturing  Industries  Hll.  I 1 1 1 1 il  JIB 

That  Self-Locking  feature,  provided  by  the  knurling  of  the  B I I i I I II I -1 

cup-point  I.  .nothor  drtlnlt.  ^'a"d  U \ 1 1 1 

— ■ — — as!:?f.s,«swii.in.  «...  u.  s.  r«.  o«. 

Knurling  of  Socket  eter  — all  commercial 

Screws  originated  with  lengths.  Write  today  for 

"Unbrako  years  ago.  our  free  “Unbrako"  Cata- 

iop. 

OVER  40  YEARS  IN  BUSINESS  » 

STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.  BOX  596 

Boston  • Chicago  • Detroit  • Indianapolis  • St.  Louis  • San  Francisco 


rop.  u.  s.  p»t.  on. 


mis 


NEW  BOOKS 


Table  of  Arc  Sin  X 

By  Mathematical  Tables  Project, 
sponsored  by  National  Bureau  of 
Standards,  Columbia  University  Preu, 
New  York,  N.  Y.,  1915,  1U  pagti, 
f 3.50 . 

A 12-place,  table  of  values  of  arc 
sin  x,  in  radian  measure,  prepared 
as  a companion  volume  to  the  values 
of  arc  tan  x published  by  the 
Mathematical  Tables  Project  in 
1942.  Since,  for  the  principal  value, 
arc  cos  x — i * - arc  sin  x,  this  vol- 
ume may  also  be  used  for  obtaining 
the  inverse  cosine.  Specifically,  the 
function  is  tabulated  at  intervals  of 
0.0001  in  the  range  between  0 and 
0.9890  and  at  intervals  of  0.00001 
in  the  range  between  0.98900  and 
unity. 

Also  included  are  15-place  con- 
version tables  for  changing  radians 
to  degrees,  degrees  to  radians,  min- 
utes to  radians,  and  seconds  to  ra- 
dians, along  with  a 15-place  table  of 
multiples  of  */ 2 up  to  100.— J.M. 


Principles  of  Radio 

By  Keith  Henney,  Editor,  Bum- 
tronics.  John  Wiley  & Sons,  Inc.,  N 
York,  SH  pages,  fS-SO. 

This  fifth  edition  of  a successful 
textbook  shows  promise  of  increas- 
ing its  popularity  which  was  well 
established  by  former  editions  over 
a period  of  fifteen  years. 

Although  completely  revised  an 
brought  up  to  date  by  the  additon 
of  new  material  on  wave  guides, 
microwaves,  frequency  - modulate" 
broadcasting,  klystron  tubes,  a 
other  advances  in  the  field  the  co 
tents  adhere  to  the  original  inten- 
tion of  the  author,  that  of  to  * 
written  for  the  student  w o 
little  background  in  radio  P» 
which  to  build  and  yet  who  wanted 
to  know  the  basis  on  which 
communication  existed.  ® 
sion  in  this  edition  of  the  chap 
on  Radio  Frequency  Amplified 
Facsimile  and  Television  in  t 
of  new  material  does  no 
from  the  continuity  of  the  boo*- 
While  the  contents  are 
scope,  the  various  »ubj“tej£r. 
been  presented  in  simp  • o{ 
standable  form.  The  ®*.  by 
the  explanations  are  fcdlowed 
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mETOL 

5TnmpinG5 


irsl  SMALL  L.OTS 


• / H <*  0*  # 

Die  cut  metal  stampings  in  limited  quantities  can  be  produced  to 
your  special  requirements  at  15%  to  20%  of  the  cost  of  permanent 
type  tools.  No  matter  how  small  your  quantity  requirements  or  how 
intricate  your  work,  we  can  show  you  a definite  saving.  During  our 
twenty-three  years  of  specialised  experience  in  this  service,  there  has 
been  no  other  method  of  producing  metal  stampings  in  small  lots  that 
can  equal  the  process  originated  by  Dayton  Rogers. 

Our  new,  illustrated  booklet  #176-17  will  give  you  full  particulars. 

DAYTON  ROGERS  MFC.  CO  a Minneapolis,  Minnesota 


Draftsman  Wanted 

Also 

Designer,  Detailer, 
Tracer  and  Engineer 

We  ere  one  o<  the  lsrfeet  manufectureri  of  a wide  variety  of 
communication  and  electronic  equipment  in  the  _ world,  fully 
prepared  and  ready  to  to  ahead  with  a very  ambitioui,  e*P*"* 
•ion  profram  ai  quickly  at  we  are  permitted.  There  will  be 
unlimited  potaibilitiet  for  creative,  ambitiout  men  to  advance,  to 
key  positions  both  in  research  development  and  production 
field. 

■ w 

Good  Starting  Salaries 

Exceptionally  fine  workint  conditions 
Apply:  Personnel  Office,  8 A.  M.  to  5 P.  M. 

Federal  Telephone  & Radio  Corp. 

the  Mft.  unit  of  the  International  Tel.  ft  Tel.  Corp. 

591  BROAD  ST.,  NEWARK,  N.  J. 


doe/  the 
be/t  i°b  °" 
every  )ob 

becau/e  only 

Eldorado  haf 
vpHONnr. 


DIXON'S  TYPHONITE 

ELDORADO 

PENCIL  SALES  DEPAXIMENT  St-117 
JOSEPH  DIXON  CXVCIME  CO,  JBESEY  CITY  J,  N.  J. 
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practical  examples  and  problems. 
The  beginner  should  encounter  lit- 
tle difficulty  in  gaining  an  under- 
standing of  the  basic  circuits  em- 
ployed in  radio  communication 
equipments. 

It  is  noted  that  the  author  has 
been  careful  in  adhering  to  a con- 
sistent form  of  abbreviation  and 
notation.  A minor  objection  is  his 
refusal  to  make  & clean  break  with 
the  direction  of  “conventional  cur- 
rent flow.”  Furthermore,  it  is  con- 
sidered unfortunate  that  inductors 
and  capacitors  continue  to  be  called 
coils  and  condensers  respectively. 
However,  these  do  not  measurably 
lessen  the  value  of  the  book  as  a 
good  basic  radio  textbook. — Nel- 
son M.  Cooke. 


“Post-War  is  NOT’  Pre 
planned  program  of  CREI 

get  the  jump  on  comp 

better  radio  job  you  want 

NOW  is  the  time  lo  tala 
pare  yourself  for  the  impo 
in  radio-electronics  engim 
find  the  knowledge  gained 
course  useful  almost  fror 
Student  C Whitehead  writ 
base  been  of  great  value  t 
knowledge  I have  gained  h 
meet  technical  situations  . 
has  given  me  the  confidence 
responsibility." 

In  our  proved  home-study 
not  only  how  . . . but  why! 
understand  lessons  are  pros 
advance,  and  each  student 
instructor  who  corrects,  cri 
suggestions  on  each  lesson  < 


AMERICA'S 

COMPLETE 
SOURCE  V 

SUPPLY 


The  Decibel  Notation 

By  Vepa  V.  L.  Rao,  Addison  & Com- 
pany, Ltd.,  Madras,  India,  179  pages, 
$ s.oo. 

Today  the  decibel  unit  is  widely 
used  in  radio  engineering  and 
acoustics.  In  1924,  when  it  was 
first  used  in  telephone  engineering, 
it  was  called  a transmission  unit. 
In  the  intervening  twenty  years, 
however,  very  few  textbook  authors 
and  technical  writers  have  devoted 
their  efforts  to  the  preparation  of  a 
thorough  treatment  of  this  impor- 
tant mathematical  artifice.  To  fill 
this  void  in  engineering  literature, 
Vepa  V.  L.  Rao,  radio  engineer, 
Government  of  Madras,  has  con- 
tributed this  excellent  monograph, 
the  complete  title  of  which  is  “The 
Decibel  Notation  and  Its  Applica- 
tions to  Radio  Engineering  and 
Acoustics.” 

As  presented,  the  definitions, 
mathematical  operations  and  pro- 
cedures can  be  easily  comprehended 
by  anyone  who  has  studied  electri- 
cal engineering.  The  book  should 
serve  as  a valuable  reference  work 
to  all  who  are  engaged  in  fields  as- 
sociated with  telecommunications 
I and  acoustics. 

To  orient  the  reader,  the  author 
begins  with  an  exposition  contrast- 
ing the  precision  with  which  pres- 
sure, temperature,  sound  intensity, 
frequency  change,  and  intensity  of 
illumination  can  be  measured,  with 
the  difficulties  encountered  in  meas- 
the  sensations  of  feeling, 


Where  the  impossible 
becomes  the  usual. 
6,000  square  feet  of 
space  and  a consider- 
ably enlarged  staff, 
enable  us  to  improve  a 
service  that  has  always 
been  TOP  FLIGHT. 


is  the  successful  CREI  me 
for  which  more  than  10, 
radiomen  have  enrolled  sin 

Your  ability  to  solve  toe 
paper  and  then  follow  up  w 
mechanical  operation,  is  a 


that  you  have  the  confidenc i 
edge  . . . confidence  in  yoi 
and  hold  an  important  job 
promising  future.  Invesligat 
home-study  course  best  suite 
and  prepare  for  security  at 
the  New  World  of  Electmnk 
the  facts  today. 


• WRITE  FOR  NEW,  FREE  J 

If  you  hove  hill  srolNslonll  w 
amateur  radio  experience  and  want 
to  make  more  money— let  u»  help 
you  qualify  for  a better  radio  job. 
TELL  US  ABOUT  YOURSELF.  » 
we  can  Intelligently  pill  a coon* 
belt  sultod  for  your  needr— PLEASE 
STATE  BRIEFLY  YOUR  BACK- 
GROUND OF  EXPERIENCE.  ED- 
UCATION AND  PRESENT  P0SI- 
TION. 


CAPITOL  R 

ENGINEERING  IN 


'Hew  dcOtete, 


III, nr  Ulurly  Courses  In  Mr 


Electronics  £«<iIo«tibj  /o 
sioncl  tslt-lmenem 

E-12,  3224 — 14tk 

WASHINGTON  10, 

Contractors  to  1.  S.  Nny— U.  S. 
— Canadian  Eroadcaollni  Cir».- 
Well-tralnod  Technical  Rodlnot" 


unng 

heat,  loudness,  pitch,  and  bright- 
ness. He  next  surveys  the  develop- 
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jERE’S  A DRAKE 

lOLDERING  IRON 

)R  EVERY  TYPE  OF 

Ilectronic  work 


■ Drake  No.  600-10  there  is  a 
;b  quality  Drake  Soldering 
m “just  right”  for  the  job. 

IT!  ake  Heat  Controls  and  the 
ake  “Magic  Cup”  Stand  are 
portant  soldering  aids. 


YOUR  RADIO 
PARTS  JOBBER 


IKE  ELECTRIC  WORKS.  INC. 

M LINCOLN  AVE.  CHICAGO,  ILL. 


Round  con  closures 
are  supplied  with  up  j 
to  8 contacts.  Can  I 
lengths  to  6 Inches 
available. 


COMPLETE  CLOSURES 

AND  MULTIPLE  HEADERS! 


PROMPT  DELIVERY  NOW 
ON  COMPLETE  ENCLOSURES 
AND  MULTIPLE  HEADERS 

E-l  multiple  headers  and  com- 
plete component  closures  are 
now  available  for  fast  delivery. 
Square  closures  are  supplied 
with  any  number  of  contacts  up 
to  14.  Round  closures  are  fur- 
nished up  to  a maximum  of  8 
contacts.  The  terminals  are 
brought  out  through  sealed 
headers  and  header  bridges  can 
be  incorporated  for  component 
mounting  in  the  can  interior. 
Plug  in  headers  are  included. 
Can  lengths  to  6 inches  inclu- 
sive, are  standard.  For  complete 
details  of  E-l  hermetically  sealed 
multiple  headers  write  today 
for  the  new  comprehensive  six- 
page  E-l  folder. 


ELECTRICAL 
INDUSTRIES  • INC 

42  SUMMER  AVENUE 
. NEWARK  4,  NEW  JERSEY  . 


Square  can  closures 
I are  furnished  with 
| any  number  of  con- 
tacts up  to  14  maxi- 


s 


STEATITE 

CERAMIC 


Characteristics  of  Our 
Steatite  Ceramic  Body 

,ur*l  Strtnatt. 7.200  lbs.  per  square  inch 

- wlus  of  ■£„#., 10.500  lbs.  per  square  inch 

"*tf>c  StrsiTn^tT* 20,000  lbs.  per  square  inch 

•♦Uric  Constant  volts  per  mil 

— 53L Frequency  el 

«•  ‘ m'9-«cle 

• • 0.096  lb..'  per  'cub'i?6inc° 

6l:^° 

aico  r (AST*  D « a).  ;;;.8  ooo9o0 

wica|n?n3Crs,an<^  manufacturers  in  the  radio. 
WITH  the  n e*?ctronic  fields  are  finding  in 
^cations  ^rec,?e.  2ua,lt,es  called  for  in  their 
fenath  In®, ' * • compressive  and  dielectric 
for,  /umM  ™?*sfure  absorption  and  resistance 
ft  low  heat.  The  exceed- 

°fkabilitv  m,L  0r -°^  /-AVITE  plus  its  excellent 
^Plications.  11  ,c^ea*  For  aH  high  frequency 

supply  samples  for  testing. 


!Asteward  mfg-  company 

N mu  ^'<e  & ^or^S:  Chattanooga,  Tenn. 
°m'  ^05s-  Chicago  Los  Angeles 


CONVENIENT- ACCURATE 
GAS  MIXING  DEVICE 

Designed  to  meet  the  needs  of  elec- 
tronic tube  manufacturers  using  gas 
mixtures  for  protective  atmospheres, 
this  new  Airco  development  pro- 
duces an  accurately  proportioned 
mixture  at  a pressure  not  in  excess 
of5psi.Acomple»elineofflowmeters 
is  available  to  permit  flows  of  hydro- 
gen from  about  2 to  200  cfh.  and 
of  nitrogen  from  obout  6 to  140  cfh. 

For  full  details,  write  today  for  a de- 
scriptive folder  (ADI-892).  Address: 

AIR  REDUCTION 


Veterans  of  pre-war  and  wartime 
electronics,  we  serve  aviation,  marine 
and  related  companies  to  C.  A.  A. 
and  F.  C.  C.  standards.  Ask  us  . . . 

To  DESIGN,  DEVELOP 
and  MANUFACTURE  ... 

Radio  Receivers  and  Transmitters 
Industrial  Electronic  Equipment 
Airport  Radio  Control  Equipment 
Marine  Radio  Telephone  Equipment 

Your  inquiries  will  receive  immediate  action 


60  East  42nd  Sheet 
New  York  17,  N.  Y. 


OFFICES  IN 
PRINCIPAL  CITIES 


islip 


« m 

CORPORATION 


In  Texas : Magnolia  Airco  Oas  Products  Company 

Gen'/.  Office:  Houston  1,  Texas 
Represented  Internationally  by  Alroo  Export  C orp. 


ISLIP,  L.  I.,  NEW  YORK 


^ON'CS -December 
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LINE  INSPECTION 

guarantees  performance 

All  of  the  engineering  and  production  facili- 
ties of  the  Potter  8c  Brumfield  Mfg.  Co.  are 
devoted  to  the  manufacture  of  electric  re- 
lays. This  intense  specialization  has  enabled 
them  to  develop  practical  procedures  of  in- 
spection at  important  assembly  points.  Each 
individual  relay  is  carefully  tested  for  every 
critical  value  right  in  the  assembly  line. 

This  complete  and  thorough  inspection 
procedure  guarantees  dependable  and  reli- 
able service  from  every  Potter  8s  Brumfield  relay  you  buy.  Relays 
play  an  important  part  in  the  successful  operation  of  your  equip- 
ment  IT  PAYS  TO  BUY  THE  BEST. 

For  complete  information  and  specifications  on  Potter  8s  Brum.- 
field  relays,  write  for  catalog. 


am  Jjteld 


MANUFACTURING  CO.,  INC. 
105  NORTH  10TH  STREET,  PRINCETON,  INDIANA 


JbO 


INRESCO 

ESISTOR 

Close  tolerance  units  for 
precision  performance 

IN-RES-CO  resistors  are  engineered  to  meet  all  im- 
portant electronic  application  needs.  They  are  wire 
wound  for  permanent,  exact  resistance  value  and 
both  inductive  and  non-inductive  types  are  standard. 
Standard  tolerances  are  1 and  2 %— -closer  toler- 
ances on  special  order.  Rigid  quality  control  assures 
a uniform  standard  of  excellence  and  modern  manu- 
facturing facilities  result  in  low  unit  cost  and  prompt 
delivery.  Manufacturers  of  electrica|  and  electronic 
instruments  and  equipment  should  investigate  the 
advantages  of  designating  IN-RES-CO  as  their  ex- 
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ment  of  the  neper,  bel,  and  decibel 
units,  and  then  establifhes  their 
conversion  relationships.  The  dec- 
ibel notation  and  its  formulas  that 
relate  to  electrical  quantities  like 
power,  voltage  and  current  are  ex- 
plained. 

Following  a discussion  and  defi- 
nition of  the  important  terms  used 
in  acoustics,  the  phon  or  loudness 
unit  is  introduced  and  its  develop- 
ment traced.  For  a plane  progres- 
sive wave,  comparative  values  are 
given  in  tabular  form  for  the  in- 
tensity level,  phons,  corresponding 
effective  value  of  pressure  fluctua- 
tions, and  sound  partiole  velocity. 
The  aero  phon  loudness  level  is  de- 
fined and  a comparison  made  of  the 
loudness  levels  in  phons  of  the 
thresholds  of  hearing,  feeling,  and 
pain. 

In  showing  how  the  decibel  nota- 
tion is  used  in  radio  engineering 
and  acoustics,  the  author  takes  the 
opportunity  to  describe  the  princi- 
ples underlying  the  use  of  many 
well  known  devices  and  their  char- 
acteristics. The  applications  in- 
clude the  output  power  meter,  audio 
amplifiers,  radio  receivers,  audio, 
transformers,  gramophone  record 
cutters  and  pickups,  output  tubes, 
microphones,  loudspeakers,  trans- 
mitters, transmission  lines  and 
feeders,  antennas,  studio  acoustics, 
attenuators,  equalizers,  and  filters. 

An  appendix  is  devoted  to  a de- 
scription of  the  types  ^rsp  8 
used  in  radio  and  acoustic  engineer- 
ing, an  explanation  of  the  logan 
mic  notation  and  its  limitations,8 
discussion  of  the  differences  be- 
tween the  British  and  American 
standard  cables,  and  a socmen . 
the  laws  of  logarithms  with i « 
of  common  logarithms  and  a 
logarithms. — J.K. 
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The  Electrolytic  Capacitor 

By  Alexander  M. 

Hill  Books,  Inc.,  New  York  1 , 

191  pages,  fS.00. 
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electrical  apparatus  and  P 
that  make  use  of 
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principles  and  practical  ^ 
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^Announcement 


Bowser,  Inc.  and  Kold-Hold  Manufac- 
turing Company  are  pleased  to  an- 
nounce that  the  sub-xero  Industrial 
equipment  formerly  manufactured  by 
the  Kold-Hold  Manufacturing  Com- 
pany will  in  the  future  be  manufac- 
tured and  sold  exclusively  by  Bowser, 
Inc. 

Kold-Hold  Manufacturing  Cemmpany 
will  devote  its  entire  facilities  te  the 
manufacture  of  evaporator  plates  and 
cabinet  liners. 

BOWSER.  INC.,  Woodside,  Long  Island 
KOLD-HOLD  MANUFACTURING  CO.. 

Lansing,  Michigan 
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Un  future  peace-time 

production,  Radex  will 
uphold  its  war-won  re- 
putation by  the  scope 
and  caliber  of  its  ser- 
vice to  the  radio  and 
electrical  industries. 
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SMALL  PARTS 

Filaments,  anodes,  supports, 
springs,  etc.  for  electronic  tubes. 
Small  wire  and  flat  metal  formed 
parts  to  your  prints  for  your  assem- 
blies. LUXON  fishing  tackle  acces- 
sories, double  pointed  pins,  fine  sizes 
wire  straightened.  Inquiries  will  re- 
ceive prompt  attention. 

ART  WIRE  AND 
STAMPING  CO. 

227  High  St.  Newark  2,  N.  J. 
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The  design  of  a beacon  array  necessary  to  produce  a pre- 
determined pattern  involves  many  factors  not  easily  recon- 
ciled to  each  other.  The  exacting  techniques  developed  at 
the  Workshop  during  the  war  for  readily  controlling  these 
factors  makes  it  possible  for  us  to  meet  the  most  rigid  speci- 
fications. Manufacturers  who  require  beacon  arrays,  or  any 
other  type  of  antenna  to  operate  in  the  high  frequency  spec- 
trum—from  30  me  up— will  find  our  exceptional  measurement 
and  test  facilities  well-adapted  to  a quick  solution  of  their 
problems.  Just  write,  or  phone  the  details. 

Tha  WORKSHOP  ASSOCIATES 
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sively  from  bis  observations  and  ex- 
periences acquired  in  the  develop- 
ment and  manufacture  of  capaci- 
tors. He  describes  the  construction, 
manufacture,  function,  and  testing 
of  dry  and  wet  electrolytic  capaci- 
tors, explains  the  operating  char- 
acteristics of  the  various  types,  and 
indicates  both  their  useful  applica- 
tions and  their  limitations. 

Several  theories  are  outlined  con- 
cerning the  nature  of  the  dielectric 
film,  and  the  properties  of  the  film 
treated  in  detail.  Film-forming  elec- 
trolytes that  are  generally  used  it 
the  electrolytic  capacitor  industry 
are  thoroughly  surveyed  as  well  as 
those  employed  in  other  branches 
of  the  anodizing  process.  The 
batch  method  and  the  continuous 
method,  and  associated  equipment 
used  in  the  formation  of  capacitor 
anodes  are  set  forth. 

Much  detailed  and  useful  infor- 
mation is  included  in  the  chapters 
dealing  with  chemical  and  electro- 
chemical methods  of  etching  alumi- 
num electrodes  to  increase  capaci- 
tance, properties  of  papers  suitable 
for  electrode  spacers  in  dry  electro- 
lytic capacitors,  properties  and  re- 
quirements of  materials  used  for 
the  operating  electrolyte,  pre- 
cautions and  considerations  that 
must , be  observed  in  winding 
capacitor  sections  and  their  con- 
nections if  satisfactory  perform- 
ance is  to  be  obtained,  fac- 
tors governing  the  effectiveness  of 
the  impregnation  and  precautions 
necessary  to  produce  desired  re- 
sults, methods  of  impregnating  do- 
capacitors  and  their  respective  a 
vantages  and  drawbacks,  and  e 
requisites  for  an  efficient  container 
including  a discussion  on  methods 
of  venting  the  assembly.  . 

For  the  laboratory  technician  an 
the  maintenance  man,  chapters  are 
included  that  cover  electrical  meas- 
urements, routine  tests  and  sp« 
tests  for  electrolytic  capacitor 
causes  and  detection  of  tiou 
emergency  repairs,  and  rep 
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Of  special  interest  to  design  ■ 
>f  electrical  apparatus  and 
blies  are  the  sections  devoteo 
the  choice  of  type  and  design 
slectrolytic  capacitors  as 
by  expected  operating  con  i 
available  space  for  mountmg,  Pf 
missible  weight,  cost,  and  . 
factors,  trends  in  the  deve  op 
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...  in  appearance 
...  in  assembly 


Our  complete  and  modern  equipped  high- 
vacuum  and  glass-working  laboratory  is 
now  available  for  conducting  work  on  spe- 
cial research  and  experimental  problems  or 
for  the  manufacture  of  special  high-vacuum 
devices  of  all  kinds  to  your  specifications. 

Experienced  technicians  are 
available  for  work  on: 

HIGH  VACUUM  AND 
GASEOUS  DISCHARGE  TUBES 

Ionization  Gauges,  Pirani  Type  Gauges, 
Vacuum  Thermocouples  and  T.C.  Gauges, 
Bolometers,  using  Wollaston  or  Fine  Wires, 
Spectroscopic  Research  Discharge  Tubes, 
Geiger  Counters,  Mass  Spectograph  Tubes, 

Etc. 

EVAPORATING  AND 
SPUTTERING  TECHNIQUES 

SCIENTIFIC  AND  LABORATORY 
GLASS  APPARATUS 

In  Soft  Glass,  Pyrex  and  Quartz. 

We  Welcome  Your  Inquiries 

• 

BALLANTINE  LABORATORIES,  INC. 
Boonton,  New  Jersey 


UNITED  STATES  RUBBER  COMPANY 
Exclusive  Selling  Agents 
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as  a source  of  pre- 
cision  - made 
WAS  HERS  and 
STAMPINGS 
manufactured  to 
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for  Binding  Screws 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 
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"If  It's  a COIL— We’ll  Make  It” 


Hand-wound  coils,  of  any  material 
or  construction,  delivered  promptly. 
Thousands — small  runs — or  experi- 
mental. Best  material— good  work- 
manship. Send  prints  or  specifica- 
tions for  quotation.  State  delivery 
requirements. 
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Modern  . . , attractive  , 

and  twice  as  useful) 


This  new  series  of  BUD  Portable 
Steel  Utility  Cabinets  has  in- 
numerable uses  in  laboratories, 
factories,  and  ham  shacks.  BUD 
takes  pride  in  presenting  these 
new  cabinets  knowing  they  reach 
a new  high  in  appearance  while 
providing  even  finer  operation 
for  the  equipment  that  is  housed 
within  them. 

Cabinets  are  extremely  useful 
for  portable  or  fixed  electronic 
test  equipment,  small  trans- 
mitters and  receivers,  field 
strength  meters,  or  for  other 
applications  requiring  a cabinet 
of  outstanding  appearance  and 
durability. 

Front  and  rear  panels  are 
removable  for  easy  access  to 
interior. 


CC-1091  Sis*  5"  x 6"  x 9"  has  a stream- 
lined chrome  handle. 

CC-1092  Size  6"  x 7"  x 12"  has  a "FULL 
GRIP"  handle. 

CC-1093  Size  7"x9"xl5"  has  two  "FULL 
GRIP"  handles. 


BUD  RADIO,  INC. 


CLEVELAND  1,  OHIO 


last  twenty  years,  and  applications 
and  uses  for  electrolytic  capacitors 
in  radio  receivers,  electrical  appar- 
atus, and  induction  motors. 

An  informative  glossary  having 
eight  pages  of  pertinent  technical 
terms  and  nomenclature  is  included, 
along  with  an  excellent  bibliog- 
raphy of  reference  books  and  peri- 
odicals and  a long  list  of  United 
States  and  foreign  patents. — j.k. 

• • o 

Willis  Rodney  Whitney 

By  John  T.  Brodkrick.  Fort  Orange 
Press,  Inc.,  Albany,  New  York,  SH 
pages,  $3.00. 

IN  the  FOREWORD  of  this  book,  Karl 
T.  Compton  states  “Few  scientists 
have  so  impressed  their  ideals  upon 
their  contemporaries  and  followers 
as  has  Willis  R.  Whitney.  He  has 
largely  set  the  pattern  and  phi- 
losphy  of  the  modern  industrial  re- 
search laboratories,  one  of  the 
unique  achievements  of  this  cen- 
tury. That  Whitney  was  able  to  do 
this  may  be  explained  very  simply ; 
he  was  the  right  man  at  the  right 
place  at  the  right  time. 

"I  am  one  of  the  many  scientists 
to  whom  Dr.  Whitney’s  intellectual 
stimulation,  complete  honesty  and 
humility,  abiding  faith  in  the  scien- 
tific method  and  unbounded  interest 
in  young  men  have  been  a continued 
inspiration.  I am  therefore  glad 
that  many  others  may  come  to 
know  him  through  this  biography.” 

Much  of  this  interesting  and 
fascinating  biography  is  related  in 
the  dual  form  of  narration — first 
telling  the  story  of  an  individual 
and  then  letting  him  speak  to  the 
reader  for  himself  in  his  own  words 
— his  own  testimony  concerning 
himself  and  his  own  interpretation, 
direct  and  in  sidelights,  of  the  work 
to  which  his  life  has  been  dedicated. 

The  author  has  not  attempted  to 
present  an  elaborate  biography,  but 
instead  has  produced  a narrative 
sufficiently  restrained  to  be  in  keep- 
ing with  the  character  of  its  subject 
and  yet  extended  enough  to  famil- 
iarize a reader  with  the  career  of  a 
man  who,  as  much  as  any  other  sin- 
gle individual,  has  made  physical 
research  both  fascinating  and 
fruitful. 

Records  of  conversations  and 
some  typical  Whitney  writings  sup- 
plement this  picturesque  volume. 
In  these  pages  the  doctor  tells  in  his 
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in  your  own  office— quickly, 
accurately,  at  low  cost! 
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equipment  in  your  office  or  plant,  you 
can  get  photo-exact  copies  of  anything 
written,  typed,  printed,  drawn  or  pho- 
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See  how  you  can  save  time,  money, 
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APECO’S  interesting,  20-page,  fully 
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Use  CT.C/s  NEW  TIME-SAVING 
All-Set  TERMINAL  BOARDS 


Completely  assembled  ready  to  use 
Mounted  Terminal  Boards  covering  the 
entire  range  ol  standard  resistors  and 
condensers.  Specially  designed  lor  ex- 
perimental laboratories  and  manufac- 
turers to  speed  development  of  model 
equipment  and  assembly  of  established 
products. 

C.T.C.  All-Set  Terminal  Boards  are 
made  of  3/32",  Vb“  and  3/16"  linen 
bakelite  only  and  are  available  in  four 
widths  Vi";  2"  (lug  row  spacing  lYz‘‘)i 
2Vl"  (lug  row  spacing  2");  3"  (lug  row 
spacing  2Vfe")> 


Made  in  five-section  boards  which  can 
be  broken  into  fifths  by  bending  back 
on  scribed  line.  Each  fifth  is  drilled 
for  twelve  lugs. 

Available  in  sets  of  four  widths,  or  in 
lots  of  6 or  multiples  of  6 in  any  single 
width.  Extra  lugs  and  stand-offs  sup- 
plied. 

C.T.C.'s  new  All-Set  Terminal  Boards 
can  be  supplied  with  any  size  C.T.C. 
Turret  Terminal  Lug — as  listed  in  cata- 
log #100,  drawing  #1724. 

WRITE  FOR  C.T.C.  CATALOG  NO.  100 
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Teach  yourself 

MATHEMATICS 


for  big 

new  jobs 

radio 
television 
radar 

Here’s  the  manual  which 
can  make  you  master  of 
mathematics,  from  arith- 
metic to  calculus,  used  in 
radio  and  communication 
engineering. Especially  ar- 
ranged for  home  study, 
the  book  gives  all  the 
mathematics  you  need, 
from  basic  fundamentals 
to  more  detailed  concepts — to  help  you  get 
ahead  in  radio,  television,  frequency  modu- 
lation, radar  development. 


Just  Published! 


APPLIED 

MATHEMATICS 


For  Radio  and  Communication 
Engineers 

■y  CARL  I.  SMITH 

Assistant  Chief,  Operational  Research  Branch.  OOoe  of 
the  Chief  Stfnal  Ofloer,  War  Department;  Development 
and  Research  Ikiglnew  (an  leave).  United  Broadcasting 
Co.,  Cleveland. 

334  pages,  S'A  z •'/»,  S3.50 

Tou  will  find  It  eany  to  learn  by  yourself 
throuah  this  method  of  presentation.  Useful 
design  equations  are  solved  In  the  text,  and 
160  exercise  problems  help  you  build  a sure 
workins  knowledge  of  each  subject.  There  is 
a simplified  treatment  of  calculus  and  the  last 
chapter  on  series  and  wave  forms  meets  the 
modern  trends  to  frequency  modulation,  tele- 
vision and  radar  development.  An  unusually 
full  appendix  of  useful  charts  and  tables  con- 
tains all  necessary  reference  material. 
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Trigonometry 
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Curves  and  Omphi 

Simultaneous  Equations 


Quadratic  Equations 
Hyperbolic  Trigonometry 
Differential  Calculus  Treat- 
ing Algebraic  Functions 
Differential  Calculus  Treat- 
ing Transcendental  func- 
tions 

Integral  Calculus 
Series  and  Wave  Forms 


Includes  »7  figures,  20  tables  and  charts.  The  presents- 
tlaa  has  been  streamlined  to  Include  only  the  subject  mat- 
ter mast  useful  In  tbe  field  of  radle  and  communication 
engineering. 


See  it  10  days— Send  coupon 
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constants  when  used  on  coils,  ceramics, 
wire  or  insulation  . . . Polyweld  is  the  finest 
protection  for  all  types  of  coils — plus  a per- 
fect cement. 

Amphenol  Polyweld  is  available  in  30 
gallon  drums — also  in  smaller  containers 
Write  for  special  folder  of  Poly  weld  char- 
acteristics. 

AMERICAN  PHENOLIC 
^ CORPORATION 

Chicago  50,  Illinois 

InCanada  • Amphenol  Limited  • Toronto 

U.  H.  F.  Cables  and  Connectors  • Conduit  • 
Fittings  • Connectors  (A  N..  U.  H.  F..  British.) 
• Cable  Assemblies  • Radio  Parts  • Plastics 
for  Indistry. 


Amphenol  Polyweld  is  the  perfect  coil  dope 
for  R.F.,  U.H.F.  and  V.H.F.  applications  . . . 
applied  by  brush  or  dipping  ...  no  baking 
needed. 

Amphenol  Polyweld  *'912''  is  pure  poly- 
styrene in  solution.  Will  not  distrub  circuit 


TUAN  A CEMENT 

«**  ’*£ 


For  nearly  a qua 


te.ntu ry-_  Carter  has  been  a well 
known  name  in  radio  and  has  led  the  Industry  in  designing  and 
manufacturing  the  finest  Rotary  Electrical  Power  Supplies. 

The  preference  and  specification  of  Carter  Products  is  an  attri- 
bute to  their  precision  performance  and  integrity  of  design. 
Write  for  latest  catalog  today. 
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own  language  the  story  of  his  life 
and  activities,  sometimes  with 
homespun  humor,  sometimes  with 
deep  seriousness,  but  usually  with 
a novel,  inspiring  and  instructive 
message. 

The  narrative  is  not  confined 
solely  to  the  objectives  of  pure  re- 
search and  the  values  derived  there- 
from, It  also  deals  with  the  rela- 
tion of  research  to  atoms  and  elec- 
trons, biology  and  physiology,  edu- 
cation and  religion,  technologies! 
progress  and  industrial  promotion, 
human  life  and  turtle  life,  and  the 
wide  range  of  subjects  that  have  en- 
gaged Dr.  Whitney’s  attention  as 
an  assiduous  student  and  origins! 
thinker. 

This  authentic  record  of  Whit- 
ney’s experiments,  methods  of 
work,  ideas  and  practical  accom- 
plishments should  be  educational 
for  readers,  young  or  adult,  who  are 
ambitious  to  give  their  energies  full 
and  effective  play  but  do  not  know 
what  they  are  best  fitted  to  do. 

Mr.  Broderick  has  contributed  to 
our  literature  not  only  a vivid, 
graphic  account  of  the  activities 
and  philosophy  of  one  of  the  out- 
standing scientists  of  our  time,  but 
also  a lucid  explanation  of  the  bene- 
fits that  have  been  bestowed  upon 
civilization  by  the  research  wort 
conducted  by  modern  men  of 
science. — -J.K. 

• • • 
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trans/witting 

ARE  PREFER 


POTTER 


BIRNBACH  RADIO  CO..  Inc 


The  Quadriga  Manufacturing  Co. 

Incorporated  1894 

WASHERS  A SMALL  METAL  STAMPINGS 
J21A  West  Grand  flve.  • Chicago  10,  Illinois 


BURGESS 

BATTERIES 


RECOCNIZIO  BY  THIM 
STRIPES  • REMEMBERED 
BY  THEIR  SERVICE 


NEW  YORK  16.  N.  Y. 

Reactors  • Sound  Systems 
Coaxial  Transmission  Lines 


210  EAST  40th  STREET 

manufacturers  of  Transformers  • Special  Coils 

Full  Range  Phonograph 


Recorders  • Equalizer s 


Over  20  year*  of  specialized  engineering 
concentration,  design  and  construction  ac> 
coants  for  the  outstanding  reputation  ofc 
POTTER  Capacitors  for  dependable  per- 
formance under  most  exacting  require- 


War-tlme  records  have  thoroughly  justified 
the  selection  of  POTTER  Capacitors  for 
U.  S.  military  and  naval  equipment. 
POTTER  Capacitors  are  contributing  to  the 
supremacy  of  our  newest  lighting  machines 
under  every  demand  and  emergency. 

The  superiority  of  POTTER  Oil-Filled  Ca- 
pacitors of  conservative  design  rating,  and 
high  safety  factor  is  evidenced  by  their  per- 
formance wherever  used.  They  are  capable 
of  withstanding  wide  range  of  temperatures 
and  operating  conditions.  All  official  speci- 
fications complied  with.  All  standard  and 
special  mountings  available. 


....  also  pioneers 
in  the  design  and 
manufacture  of 

Ceramic,  Porce- 
lain & Steatite  In- 
sulators, Antennas, 
Hook-Up  Wi  res. 
Shielded  Micro- 
phone Cable  and 
S.  J.  Cable. 

Specify  and  use 
'Birnbach”  products. 
Complete  Stock  at 
your  jobber 


Special  Capacitors  of  all  types  for  every  purpose. 


Especially  important  in  electrical  products, 
where  VIBRATION  is  an  enemy. 


Made  exactly  to  your  specifications  for  greatest  precision. 
PROMPT  DELIVERY  any  washer  material,  any  type,  any 
quantity,  large  or  small. 

Also  SMALL  METAL  STAMPINGS,  any  design. 

Send  for  QUADRIGA  Catalog 

Many  photographs.  Valuable  engineering  data. 


COAXIAL  TRANSMISSION  LINES 
AND  FITTINGS 


NORCO  coaxial  cables,  of  the  rigid  gas 
filled  type,  for  radio  communication,  radar, 
television,  and  FM.  A complete  line  of  fit- 
tings, both  solder,  and  improved  solderless 
types  can  be  supplied  for  NORCO  Trans- 
mission Lines,  including  improved  End  Seals 
and  Junction  Boxes.  Your  inquiry  invited. 
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MODEL  240S 

Volt  • Ohm 

Mllliammeter 

28,000  OHMS  PER  VOLT  0.  C.' 


NEW  ENGINEERING 
NEW  DESIGN  • NEW  RANGES 
50  RANGES 

Voltage:  5 D.C.  0-10-50-250-500-1000 
at  25000  ohms  per  volt. 

5 A.C.  0-10-50-250-500-1000 
at  1000  ohms  per  volt. 

Current:  4 A.C.  0-. 5-1-5-10  amp. 

6 D.C.  0-50  microamperes— 
0-1-10-50-250  milliamperes— 
0-10  amperes. 

4 Resistance  0-4000-40,000  ohms — 4- 
40  megohms 

6 Decibel  -10  to  +15,  +29,  +43, 
+49,  +55 

Output  Condenser  in  series  with 

A.C.  volt  ranges 


SPECIFICATIONS 

NEW  “SQUARE  LINE”  metal 
case,  attractive  tan  “hammered" 
baked -on  enamel,  brown  trim. 

■ PLUG-IN  RECTIFIER  — 
replacement  In  caae  of 
overloading  la  aa  simple  aa 
changing  radio  tube. 

■ READABILITY— the  moat 
readable  of  all  Volt-Ohm- 
M 1111am  me  ter  acalea — 5.6  Inches 
long  at  top  arc. 


Model  2400  is  similar  bvt  has  D.  C.  soils 
Ranges  at  5000  ohms  per  soil. 

Write  for  complete  description 

Triplett 

ELECTRICAL  INSTRUMENT  CO. 
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Let  us  tell  you— 
about  our  unusual 
PLASTICS  SERVICE 
to  Manufacturers 


SEND  FOR  NEW  CATALOG 

HTERBURY 

MOLDINGS  OF  MERIT 
WATERBURY  COMPANIES.  INC. 

FORMERLY  WATERIURY  (UTTON  CO.,  EST.  1812 

McGRAW  AVE.,  WATERBURY,  CONN. 


Backtalk 

This  department  is  oper- 
ated as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


Slow-Motion  Tele 

Eear  Mr.  Henney: 

It  seems  you  just  can’t  keep  a dead 
dog  buried.  After  everyone  agrees 
to  the  fact  that  you  can  only  trans- 
mit a given  amount  of  intelligence 
by  means  of  a system  of  a given 
bandwidth  in  a certain  limited  time, 
and  while  the  fight  is  on  as  to 
whether  or  not  to  call  it  the  Hart- 
ley Law,  Palmer  Craig  pops  up 
with  a suspicion  that  it  just  ain’t 
so. 

I think  that  Mr.  Craig’s  proposed 
exception  can  be  shown  to  be  quite 
invalid  with  a moment’s  thought 
The  television  system  that  I think 
he  describes  has  been  put  forward 
before,  and  has  never  been  of  an? 
practical  use.  Let’s  consider  just 
one  out  of  the  240,000  elementary 
areas.  The  information  determin- 
ing the  density  of  this  area  would 
have  to  be  passed  through  a nar- 
row-band filter;  in  the  example 
given  this  filter  is  one-quarter 
cycle  wide. 

Now  it  is  a well  known  fact  that 
the  amplitude  of  a wave  passing 
through  a band-pass  filter  can 
changed  at  a maximum  rate  deter- 


RADAR  ANTENNAS 
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detection  antenna  Mister  «“*  — 

side  blisters  In  the 
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TO  THE  MANUFACTURER  OF 
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DOUBLE-CHECK  SYSTEM 


#JE-I0 — Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy— Pins  of 
stainless  steel. 


#JE- 12  — (Hardened 
tool  steel  insert)  or 
JE-13  (Stainless  steel 
insert)  Miniature  tube 
p i n straightener  t o 
obtain  a perfect  fit 
when  the  tube  is 
placed  in  the  set. 


For  eomplofm  fa formation 
aacf  price* — writ* 

RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

147  Cedar  St.,  New  York  6.  N.  Y. 


JONES  BARRIER 
TERMINAL  STRIPS 

Bakslits  Barriers 
placed  between 
Terminals  increase 
the  leakage  path 
and  prevent  direct 
shorts  from  frayed 
wires  at  Terminals. 
Terminals  and 
screws  are  of  nickel 
plated  brass.  Insu- 
lation is  of  BM  120 
molded  Bakelite. 
Illustrated  are  three 
types:  Screw  Termi- 
nals. Screw  and 
solder  Terminals  and 
Screw  Terminal 
above  panel  with 
solder  Terminal  be- 
low. For  every  need. 
Six  series  cover  ev- 
• illy  ery  requirement: 

No.  MO  - 5-40 
•crews.  No.  141 — 8-32  screws.  No.  142 — 
8-32  screws.  No.  150-10-32  screws,  151— 
12-32  scr.ws  and  No.  152 — V«-28  screws. 
These  sturdy  Terminal  Strips  will  not  only 
improve  your  electrical  connections  but 
will  add  considerably  to  the  appearance  of 
your  equipment  A truly  modem  Terminal. 
Write  today  for  catalog  No.  14  listing  our 
complete  line  of  Barrier  Strips  In  addition 
to  other  Electrical  Connecting  Devices. 
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THE  NEW  POST  WAP  PORTABLE 

LeCT',c  Megaphone 


will  be  available  soon  for  Ships — Towboats — Piers 
and  all  marine  applications.  Also  Fire  and  Police 
Departments — Athletic  Games — and  other  uses  too 
numerous  to  mention. 

This  Megaphone  gives  your  voice  25 00  times  its 
normal  power. 

This  equipment  is  a development  of  a megaphone 
used  exclusively  by  U.  S.  Navy  and  Amphibious  Forces 
and  was  developed,  manufactured  and  patented  by  us. 


— WATCH  FOR  A NN  O V N CE  M R N T — 


GUIDED  RADIO  CORPORATION 

161  Sixfh  Avenue  New  York  13,  N.  Y. 


* Patent  No.  2. 30 1.4 5 1>- -After  the  war  any  Infringement  of  this  patent  will  be  prosecuted. 


• INSTRUMENT 
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STAMFORD  METAL  SPECIALTY  CO.,  428  BROADWAY,  N.  Y.  13 

TfUtal  7&o-i6  of  “Doic-u/titto* 


WHAT  MAKES  A MAILING  CLICK? 

Advertising  men  agree  . . . the  list  is  more  than  half 
the  story.  McGraw-Hill  Mailing  Lists,  used  by  leading 
manufacturers  and  Industrial  service  organisations, 
direct  your  advertising  and  sales  promotional  efforts 
to  key  purchasing  power. 

In  view  of  present  day  difficulties  in  maintaining 
your  own  mailing  lists,  this  efficient  personalised 
service  is  particularly  important  in  securing  the  com- 
prehensive market  coverage  you  need  and  want. 
Investigate  today. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  West  42nd  Street  New  York,  18,  New  York 


Ho  G RAW-HILL 

DIRECT  MAIL  UST  SERVICE  I 
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Services 


INDUSTRIAL  ENGINEERING 
SPECIALISTS 

Engineering  Research  St  Development 
Prwluot  DMlfn  Market  Research 

Salas  Brochures  Technical  Manuals 

Field  Surveys  Laboratory  Analysis 

Complete  Engineering  Service  For  All  Industrie* 

ASSOCIATED  ELECTRONICS  COMPANY 
131  Nassau  Street,  New  York  7,  N.  Y. 


MICHAEL  BOZOIAN 

Consulting  Service  In  Electronics 
Instrumentation  A Conteols  Design — Develop- 
ment — Models  Literature  A Patent  Surveys 
Recommendations  For  New  Laboratories. 
Telephone  IS2I 

702  Fifth  Street  Ann  Arbor.  Mick. 


COOPER  & FLEMING 

Conceiting  Electronic  Engineers. 

AM  A FM  Broadcasting. 

Industrial  A Medical  Electronics 
410  Market  St.  Sutter  8854  San  Francisco.  Calif. 


ELECTRONIC  RESEARCH 
ASSOCIATES 

ERA  will  apply  progratsiva,  war-provan  de- 
velopments In  electronic  reteerch  . . . count- 
ing... timing . . . meoutrlna . . . Industrial  con- 
trols ...  to  your  manufacturing  advantage. 
Bom  333, 30S  Undon  Ar„  So.  San  Francisco,  Cal. 


ELM  LABORATORIES 

Reeeereh  end  Design 

RADIO  TRANSMITTERS  AND  RECEIVERS 
Designs  for  Home  Radios.  Electro-Meobanloal 
Dodoes  and  Components. 

M South  Broadway  Dobbs  Ferry.  New  York 


HODGSON  & ASSOCIATES 

Phyales,  Mathematics,  Research,  Develop- 
ment A Patent  Consaltaate. 

Satisfaction  guaranteed.  Submit  year  yreMsn 
for  e preliminary  surrey  without  ooeL 

Bos  174  Sherman  Oaka.  California 


j.  l.  a.  McLaughlin 

Designer  of 

Comm  uni  rations  Receivers 
Specialising  in  the  elimination  of  heterodyue 
interference. 

P.  O.  Box  529.  La  Jolla.  Calif. 


NATIONAL  DESIGN  SERVICE 

Designers  and  Developers  of 

FACTORY  TEST  EQUIPMENT. 

TELEVISION  ILF.  SWEEP  GENERATORS 
F.M.  SIGNAL  GENERATORS 
COMPLETE  CENTRALIZED  MODULATED 
BYSTEMS 

M liberty  8L  New  York  f.  N.  Y. 


ALBERT  PREISMAN 

Consulting  Engineer 

Specializing  In  Television  and  Pulse 
Techniques,  Video  Amplifiers. 
Industrial  Applications. 


616  BL  Andrews  Lane. 


Silver  Spring.  Md. 


p 
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JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering  Problems 
Instruments  and  Control  Devices  Electronics 

Specialists  In  Colorimetry.  Spectophotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
202  Darby  Road  Llanereh.  Pa. 

Phone  Hilltop  6816 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 

INDUSTRIAL  ELECTRONICS 


ELECTRONIC  ENGINEERS 

Designers  and  Consultants 

Radio  and  Electronic  Product  Design 
Radio  Equipment  to  Order 
Industrial  Electronic  Devices  to  Order 
Broadcast  Station  Allocation 
Complete  Reeeereh  and  Constructional  Facilities 
Phene  Citrus  1-6684 

611  E.  Garfield  Ava.  Glsntfals  5.  California 


DON  FOSTER 

Engineering  Consultant 

oal  SgaaliHsta  In  Mechanical 

Is  Sound  and  Elwtrnnlos  Development 
M Bunts  Are.,  Wyoming  15,  Ohio 


PAUL  E.  GERST  & CO. 

CONSULTING  ENGINEERS 
Specialists  In 

Electrical  Product  Design 
5-  Machinery,  Apparatus  A Applications 
EL  Appllanom,  HI -Frequency  Apparatus 
Electronics,  Radio  Communication 
105  W.  W acker  Dr.  Chicago  6.  111. 


mined  by  the  bandwidth  of  the 
filter.  “You  can’t  get  20-kc  audio 
signals  out  of  a radio  having  an  i-f 
bandwidth  of  4 kc”  is  another  way 
of  saying  the  same  thing.  A band- 
pass filter  having  a bandwidth  of 
about  one-quarter  cycle  would  re- 
quire 8 to  10  seconds  for  the  output 
to  build  up  to  a value  approximat- 
ing the  final  steady-state  value  if  a 
suddenly  changed  voltage  were  ap- 
plied to  the  input. 

This  means  that  if  the  picture  at 
the  transmitter  were  suddenly 
changed,  the  receiver  would  require 
8 to  10  seconds  to  remove  the  old 
picture  and  reproduce  the  new  one. 
In  order  to  transmit  a new  picture 
each  one-thirtieth  of  a second,  the 
band-pass  associated  with  each  pic- 
ture element  would  have  to  be  ap- 
proximately 60  cycles  wide.  Actu- 
ally, according  to  present  day  prac- 
tices, a bandwidth  of  80  cycte 
would  be  sufficient.  This  would  still 
require  a total  spectrum  about  7 
me  wide,  or  about  the  order  of  mag- 
nitude of  present  day  practice. 

The  system  described  by  Mr. 
Craig  might  be  fine  for  a Hollywood 
clinch  with  a long  fadeout  at  the 
end,  but  I’d  hate  to  watch  a boxing 
match  or  baseball  game  on  it. 

Wm.  H.  Ungw 

Philharmonic  Radio  Coro 
Sac  l or*.  .V  1 


[The  motion  Is  »tlU  belore  the  hou«e  ttat 
the  following  statement  be  called  the 
ley  Law  : ••The  total  amount  of  Information 
which  can  be  transmitted  over  a sj«t 
whose  transmission  is  limited  to 
lying  in  a restricted  range  is  proportional  to 
the  product  of  the  frequency-range  which  » 
transmits  by  the  time  during  which  it  « 
available  for  transmission.  Any  furtne 
comments  ? — Kd] 

• • • 
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Audax 


. . the  substantially  unani- 
mous verdict  of  experts  and 
lovers  who  have  put  the 

n 

RELAYED-FLVX 


to  the  only  test  that  really 
matters  . . . the  EAR  TEST 


SPECIALIZATION 

has  made  AUDAX  a leader  in 
its  field.  World-wide  recognition 
such  as  ours  could  never  “just 
happen”.  Rather  it  is  the  product 
of  KNOW-HOW  that  comes  only 
through  years  of  specialization. 


For  twenty  years — since  pick-ups 
first  became  important  commer- 
cially-the  distinguished  products 
of  AUDAX  have  been  SELECTED 
wherever  the  requirements  were 
exacting. 


r^Tie  leadership  which  we  have  won  the  hard  way  will  never 
be  jeopardized  by  making  pick-ups  a side  line.  Of  future 
MICRODYNE  improvements — and  of  course  we  are  planning 
them  now — we  can  tell  you  one  thing  NOW : — They  will  up- 
hold and  carry  forward  the  AUDAX. quality  tradition  of  fac- 
simile performance,  regardless  of  external  conditions. 


Send  for  complimentary  copy  of 

"PICK-I  P FACTS’* 


AlIDAK  COMPANY 

500  Fifth  Avenue.  New  York  18 


-*C’rpalors  of  Fine  Electronic- Acoustical  Apparatus  since  1915" 


Digitized  by 


Google 
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McGraw-Hill  Publishing  Company 
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Curve-t racer  for  acoustic  device.  R. 

K.  Hellmann  Dec.  *130 

Aeronautics: 

Army  target  plane  controlled  by  radio 

transmitter  Dec.  *800 

Automatic  position  Indicator  for  air- 

craft  May  *180 

Aviation's  electronic  requirement*.  D. 

W.  Rentzel  Oct.  288 

Civil  Aeronautics  Administration  in- 
strument landing  system.  The. 

Peter  Caporale.  pt.  1,  Feb.  *118; 

pt.  2 Mar.  *128 

Combination  Instrument  for  direction 

finding  Aug.  *214 

Computing  gunslght  Model  K-8.  H. 

B.  Hale  Jan.  *94 

Electronic  equipment  for  commercial 

aircraft.  D.  W.  Moore July  *184 

Electronic  Joy  stick  for  large  aircraft. 

June  *156 

Electronic  timer  for  aircraft  de-icer. 

Bloser  A Holt Dec.  *182 

Electronics  in  gunnery  control  for  the 

B-29  Jan.  *190 

Fingertip  control  for  formation  fly- 
ing. Taylor  A Volkenant Oct.  *98 

Ground-controlled  approach  for  air- 
craft. Capt.  C.  W.  Watson Nov.  *112 

High-frequency  aircraft  ignition  sys- 
tem   Dec.  *284 

Human  centrifuge  Apr.  *96 

Liquid  level  indicator  for  aircraft  in- 
dustry   July  *182 

Magnetostriction  compass.  R.  G. 

Rowe  July  *123 

Motor  noise  unit  for  aircraft  trainer. 

B.  E.  Phelps Aug.  *98 

Operational  flight  trainer  uses  200 

tubes  Feb.  *214 

Plane-to-ground  radio  telemetering. 

D.  W.  Moore,  Jr Nov.  *128 

Temperature  control  In  aircraft. Feb.  *148 
Tympanometer  developed  to  oount  a 

flier's  swallows  Sept.  *192 

Universal  electronic  indicator  for  air- 
craft   Oct.  280 

Very  high  frequency  omnidirectional 
radio  ranges  Sept.  *208 


AVC  amplifiers  for  bridge  null  detec- 


Pretuned  turnstile  antenna.  Brown 

A Epstein  June  M0S 

Square-loop  frequency  modulation 

antenna.  J.  P.  Taylor Mar.  *98 

Very  high  frequency  dummy  antenna. 

Stanley  Cutler  May  *129 

Atomic  Power: 

Facts  about  atomic  power Sept.  *238 

Technical  basis  of  atomic  explosives. 

Oct.  *109 


Broadcasting: 

Air  terminal  sound  system.  Brock- 
way A Brock  way June  • 

Audio  mixer  design.  R.  W.  Crane. 

June  • 

Automatic  fader.  Dan  Hunter ..  .Oct.  * 
Broadcast  band  satellite  transmittera 

R.  H.  Seville July 

Canada's  International  short-wave 

plant.  H.  M.  Smith Sept.  ' 

Chicago  Stadium’s  broadcast  systems. 

George  McElrath Jan.  ' 

Planning  a frequency  modulation  sta- 
tion. P.  B.  Laeser Feb. 

Post-war  equipment  plans  for  broad- 
casting   Jan. 

Reduction  of  heterodyne  Interference. 

H.  W.  Belles Dec.  1 

Sixty  kilowatts  on  wheels  serves  Slg- 

• nal  Corps July  1 

Studio  and  control-room  design.  W. 
R.  Hutchins  Aug. 


Coaxial  cable  design.  N.  D.  Kenney. 

May  *124 


Amplifier  theory  applied  to  regula- 
tors. J.  M.  Cage Jan.  *140 

Audible  audio  distortion.  H.  H.  Scott. 

Jan.  *128 

Crystal -driven  modulator  for  d-c 

amplifiers.  J.  A.  Williams Dec.  *128 

D-c  amplifier  of  high-current,  low- 
impedance  output.  Lawrence  Flem- 
ing   Aug.  *212 

Photoelectric  galvonometer  amplifier. 

Gabrlelle  Asset  Feb.  *128 

Phototube  amplifier.  Lt.  J.  F.  Scully. 

Oct.  *188 

Stabilised  negative  Impedance.  B.  L. 
GInston,  pt.  1.  July  *140;  pt.  2, 

Aug.  *138:  pt.  8 Sept.  *140 

Survey  of  d-c  amplifiers.  Maurice 

Artst  Aug.  *112 

Volume  expander  design.  R.  W.  Ehr- 
lich   Dec.  *124 

Zero  phase  shift  amplifier  design.  L. 

R.  Mailing  Mar.  *136 

Antennas: 

Anti-fade  antenna  system Aug.  271 

Artificial  antenna.  Sidney  Wald. Nov.  *180 
Calculating  antenna  Impedance.  .Jan.  288 
Frequency  modulation  antenna  coup- 
ler. J.  P.  Taylor Aug.  *107 


Contours  of  capacitor  rotor  platea 

L.  J.  McDonald Mar.  *128 

Determining  Q of  capacltora  E.  L. 

Pepperberg  Sept.  *148 

Manufacture  of  silvered  mica  capaci- 
tors. A.  T.  Chapman Nov.  *148 

Carrier  Currents: 

Carrier  current  versus  space  radio  for 

railroads  Feb.  *162 

Cathode  Bay  Tubes: 

Armature  faults  found  by  cathode 

ray  tube  Jan.  234 

Cathode-ray  tube  solves  production 

problems  Dec.  *284 

80,000  hours  for  cathode-ray  tube. 

May  *122 

High-frequency  deflection  system. 

Dec.  •122 

* Improved  electron  gun  for  cathode- 

ray  tubes.  L.  E.  Swedlund. . . .Mar.  *122 


Stabilized  pulse  circuit. .......  ••Oft  '■  ’ ; 

Three-phase  power  from  single-phut 

source.  R.  W.  Woods •••••^“£ 

Ultra  high  frequency  conv*?f 
analysis.  Harry  Stockman. . ..Feft. 

Component  Parts: 

Coaxial  cable  tests.  P.  H-,  *' 

Computing  mutual  inductance,  a.  J. 

D!  Toro  ................ ■ 1 

Effect,  of  humidity  on  tmmwj 
design.  L.  L.  George,  Jr.--.- •>%  k 
Fungu.  and  mol.ture  pnUeUM i w 
electronic  equipment.  ProekeuMT^  , 

Th.menglneeV'. piece  In  dietrlbutio^  |# 

High  Q Iron-oored  Inductor  eelwk' 
tlona  a L.  J.vna. ..  n *'  .•« 

Highspeed  component.  t«t«r  wo 
Permeability  of  Iron  at  radio  gj 

Production  tarter  tor  .mall».i»»  •' 
capacitance,  ^ Haaopol. 
Stripping  an.  wire  of  former  :c 

Vibration  control  for  electronic  s- 
Winding  unlversai  coiis.  A.  W.  Simor. 

Controls: 

Automatic  liquid  level 

Balancing  operation  speeded  i>7  .jji 

Bu l°lt-fn  "electron  1 c control  on  ,lH 

Computing  gunslght  Model  Jg*  •* 

Etoctnmic  * " control  for 

olutobea  R.  L.  JaeBcbke- • ^ 

Electronics  In  gunnery  control llj 

Hopper  control  forore  ’^er- 

Milllng  machine  with  bullt-In  *«« 

Phototube°controlied  flame  CBttarjJ?y  *H» 

Pbototubee'fo'r'  railroad  operation^ 

Practical  elKtronlc  l”*"^,  ’* 

trola  P.  G.  tWe,2L®Il‘  mi’for  re®ot* 
Selsyn  Indicating  systems  for  rw^,  g 
readlnga  F.  Wisk.- ••  • •" 

Temperature  control  n to 

Transmitter-receiver  in  nose  ^ nil 

explode  shells,  rockets- j,’  • Btroii 
Vacuum-tube  anticipator  Aat 
furnace  temperatures  — 


Discriminator  linearity.  L.  B.  Argu- 

Imbau  Mar.  *142 

Dual-trlode  trigger  circuits.  B.  E. 

Phelps  July  *110 

Low-frequency  multivibrators  ...Dec.  *380 
Multiple  magnetic  circuits.  J.  F. 

Manildl  Nov.  *180 

Square-wave  differentiating  circuit 

analysis.  G.  P.  Ohman Aug.  *132 

Stabilised  negative  Impedances.  E. 

L.  GInston.  pt.  1.  July  *140;  pt.  2. 

Aug.  *128;  pt.  2 Sept.  *140 

• Illustrated 


Directory  of  electronic  and  e,ll'a  tlJ$  1 
uota  


Electron  Tobeat  |» 

production- 

Crtfng-m.iai '*£**'* >« 
Controlling* 

DiSSSf-ttA •» 

Grid  emleelon  In  yacnnm  t»b*  .35;  *"' 

A Becker IJ.WhlVli  '-  frM''n’..  •!< 

Orbital  - beam  olt«blgn 

Po'rtwar  SAPS' g 

Photrtnbb'for  * 

D^amt*'  1HS- 1**0* 
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Pula*  omission  ohanctorlatlflg  of 

oodde  oatkode* Sept.  '!TI 

Qaallty  oontrol  In  tab*  manufacture. 

Eugene  Goddess  Jan.  #ltt 

Report  on  wartime  electronic  devel- 
opment*   Nov.  *11 

Electron  Tube  Applications: 

Betatron,  The.  T.  J.  Want June  MSS 

Electronic  Ignition  systems.  O.  V. 

Eltgrotk  Apr.  *106 

Highway  radio  control  of  truck  traf- 
fic   Dec.  *248 

Lie  detector.  Dr.  J.  F\  Kub!s...Apr.  *192 
Non-metallio  mine  detector.  T.  E. 

Stewart  Nov.  *100 

Photoelec  trio  Fourier  analysis. . . Apr.  *164 
Phototimer  for  time-motion  study. 

Sept.  196 

Phototubes  for  railroad  operationa 

July  *162 

Traffic  control  system Sept.  *160 

Electronic  Heating: 

Automatic  control  of  glazing  furnace. 

June  188 

Characteristics  of  steel  during  induc- 
tion heating June  *252 

Chicago  conference  on  induction  and 

dielectric  heating Mar.  *148 

Defrosting  food  for  bakeries.  ..  .June  *154 
Dielectric  fundamentals.  Douglas 

Venable  Nov.  *120 

Dielectric  heating  in  woodworking 

Industry  Apr.  180 

Electronic  welding  of  glass.  E.  M. 

Quyer June  *92 

Induction  and  dielectric  heating 

equipment  Aug.  *110 

Induction  hardening.  Otto  Weltmann. 

Mar.  *101 

Induction  heating  in  manufacture  of 

cathode  ray  tubes Jan.  17C 

Load  rematching  in  electronic  heat- 
ing. Eugene  Mlttelman Feb.  *110 

Moulding  sponge  rubber  with  dielec- 
tric heating  Aug.  196 

Penicillin  drying  machine  In  produc- 
tion   Sept.  *154 

Shielding  of  dielectric  heating  Instal- 
lations. Klingaman  A Williams. 

. May  *106 

Unusual  methods  of  applying  elec- 
tronic heat.  E.  D.  Tlllson Apr.  *150 


Facsimile: 

Transmission  of  color  pictures  by 
facsimile  Apr.  236 

Filters: 

Band-pass  filter  design.  C.  J.  Mer- 
chant   Mar.  *146 

Filters  for  electronic  equipment.  O. 

J.  Wheeler  July  *200 

Harmonic  suppression  for  aircraft 

generators.  F.  W.  Jaksha Aug.  *124 

High  and  low-pass  filter  design.  C. 

L.  Merchant  Feb.  *144 

Resistance- capacitance  filter  chart. 

Nov.  *164 

**wioeney  Allocation: 

Federal  Communications  Commission 
announces  final  Me  allocations. 

July  92 

£££  a,loc&tlon  plan Mar.  *92 

rCC  releases  proposed  allocations  be- 
low 25.000  kc July  290 

Frequency  Modulation: 

Field  survey  techniques.  P.  B.  Laeser. 

D , May  *110 

Pulse-time  modulation.  Deloraine  A 

^L^bln  Jan.  *100 

resonant  circuit  response  to  fre- 

e/»q,Qency  modulation  signal Feb.  *304 

&o-kw  f-m  transmitter.  P.  B.  Laeser. 

Apr.  *100 


H 

Scaring  Aids: 

Deficiencies  of  group  hearing  aids. 

A.  G.  Norris Feb.  262 

Frequency: 

Mwurement  of  verF  high  frequency 

OrKU-,1*  Jan.  *105 

" beam  ultrahigh  - frequency 
tubes.  R.  M.  Smith May  *103 


adust  rial  Electronics: 

A#twi°n  f°r  deteot,on  ot  cracks  and 
Automatic  metal  pouring*  In  found- 

Baii.  f * ' June  *162 

gage  sorted  by  electronic 

Capacitor-discharge  roil  Wel'deV.'.^ec!  *222 

^CTRONICS — DmmW  1941 


Clroult .analysers  failure  and  how  to 

*rdd  it  Tod  Powell. Oct.  *111 

Crack  detector  for  bottles  and  JarsT^ 

Crack  detector  for  production  tesUnV  1#° 

_ J*  R*  Jupe...... Oct.  *ii4 

Bionic  applications  In  Industry 

(table)  j. 

Electrostatic  deposition  of  phosphor 

„ Powders  ....Aus  184 

Gaging  of  piston  rings May  *148 

increased  speed  for  electronic  record- 
ers   Aug  *152 

Infrared  spectroscopy  for  rapid  anal- 
ysis   Dec.  *232 

Lens  coating  process  controlled  by 

electronics  Jan.  »1C4 

Mercury  vapor  detector Apr.  *176 

“Oh*1*  *e8t,n*  o f railroad  rails.. Feb.  *146 
Phototube-controlled  flame  cutter.  D. 

8.  Walker  July  »10o 

Pipe  gaskets  tested  for  pressure. July  *168 
I roduction  testing  swivel  Joints  Apr.  *184 
Remote  water-stage  liflteators.  M. 

E.  Kennedy Feb.  *130 

Sandpaper  made  by  electrostatic 

process  Aug.  208 

Tensile  testing  of  textiles  with  elec- 

tronic  control June  *151 

Vacuum-tube  anticipator  controls  fur- 
nace temperatures Aug.  *188 

Waterproofing  radio  and  electronic 

equipment.  E.  C.  Warrick Apr.  *212 

Wire  splice  detector.  F.  8.  Hird.Sept.  *98 

Institute  of  Radio  Engineers: 

Meetings Jan.  262.  Mar.  *198 


M 

Magnets: 

Magnetic  current  Investigation.  .Apr.  *266 

Mathematics: 

Equivalent  series  and  parallel  Im- 
pedances. R.  L.  Peek.  Jr June  *254 

Laplace  transforms  for  the  electronic 

engineer.  G.  J.  Wheeler Feb.  *304 

Parabolic  graph  paper  for  square- 

law  functions.  Albert  Leen Feb.  *314 

Pi-network  calculator.  W.  B.  Bruene. 

May  *140,  correction July  404 

Vectorial  treatment  of  transmlsaion 
lines.  J.  P.  Shanklln Dec.  *162 

Measurements : 

A-c  galvanometer.  Quirk  A Hall. 

Dec.  *147 

Automatic  liquid  level  controls.  T. 

A.  Cohen  Apr.  *120 

Bridge  null-indicator.  E.  W.  Herold. 

Oct.  *128 

Cathode-ray  null  detector  for  Wien 

bridge.  C.  J.  Markey Mar.  *125 

Conversion  from  series  to  parallel  im- 
pedance. Q.  J.  Wheeler Oct.  *264 

Curve  tracer  for  acoustlo  device.  R. 

K.  Heilmann  Dec.  *130 

Decibel  calculator.  O.  J.  Wheeler. 

Sept.  *294 

Dielectric  constant  meter.  F.  C. 

Alexander,  Jr.  Apr.  *116 

Direct-Indicating  comparison  bridge 

fbr  production  testing Dec.  *272 

Direct-reading  a-f  meter Jan.  *264 

Direct-reading  color  densitometer.  M. 

H.  Sweet  Mar.  *102 

Electronics  aids  waterway  develop- 
ment. E.  H.  Woodman Sept.  *120 

Electronic  engine-pressure  indicator. 

J.  W.  Head Jan.  *139 

Electronic  fuel  gaging Dec.  *234 

Electronic  Inspection  of  magnetic 

materials  Feb.  *164 

Electronic  wattmeter.  L.  B.  Mailing. 

Nov.  *133 

Electronic  width-gage  for  strip  ma- 
terials   Feb.  *196 

Elongation  recorder  for  materials 

testing.  Jens  Sivertsen July  *154 

Five  r-f  bridge  circuits July  *264 

Frequency  meter  for  use  by  factory  

personnel.  W.  R.  Strausa »May  *160 

Frequency  monitor  stroboscope.  Wig- 

gins  A Guenther May  *138 

Frequency-response  curve  tracer.  H. 

B.  Shaper  ...Mar.  *118 

Geiger  counter  spectrometer  for  In- 
dustrial research.  H.  Friedman. 

Apr.  *132 

Generation  of  millimeter  waves.  .Sept.  298 
Geophysical  prospecting  equipment. 

David  Sheffet  Dec.  *116 

Graphical  analysis  of  complex  waves. 

L.  S.  Cole .....Oct.  *142 

Improved  vacuum-tube  voltmeters. 

J.  T.  McCarthy ...July  *137 

Industrial  oscillograph  for  Impulse 

testing.  Otto  Ackerman....... May  *154 

Interference-free  weatherometer.  w. 

R.  Agnew  ?««• 

Liquid  level  Indicator ...July  162 

^ Magnetostriction  compass.  R.  O. 

Howe  July 

Measurement  applications  of  the 

dynatron.  W.  M.  Roaa Dec.  *320 

Measurement  of  electric  carrier.  .Jan.  27* 
Measurement  of  stresses  in  rotating 

shafts.  W.  F.  Curtis July 

Measurement  of  VHF J*n* 


M***“ri*g  radio  frequency  power 
with  three  ammeter*.  J.  £.  Hollis. 

ot  Joc*  *511 

Measuring  uhf  fields Apr.  *246 

Mlcroanalytlc  measurement  of  oxygen 

. production  DeA  *140 

Midget  oscilloscope ’.Sept.  *20* 

Millisecond  timer  for  high  speed  op- 
erations   Jan  *148 

Multiple  X-Y  recorder  for  * Vesting 
quartz  crystals.  George  Keinath. 

Non-ferrous  magnetometer  Dec!  *330 

Penetron  measures  thickness  and 

density  with  gamma  rays Aug.  *154 

Photoelectric  galvanometer  amplifier. 

Gabrielle  Asset  Peb.  •128 

”IT^neTO°'F/oun<*  radio  telemetering.  • 

D.  W.  Moore,  Jr Nov.  *126 

Power  measurements  at  very  high 
frequencies.  William  Maron...Oct.  *216 
Pr£ct™ 11  Btraln-gage  applications.  R. 

O.  Fehr jan  •1]« 

Precision  gaging  by  blind ".'.Oct!  *156 

Pressure  sensing  unit  developed  from 

■ strain  gage  Dec.  *252 

Production  tester  for  small  values  of 
capacitance.  L.  Y.  Hanopol . . . Sept.  *160 
Rapid  technique  for  measuring  line 

characteristics June  252 

Reactor  measurements.  H.  L.  Dan- 
iels   Oct.  *148 

Recorded  sound  waves  locate  bomb 

Dh,t8t  Oct.  *218 

Remote  measurement  and  control 
with  vibrating  wire  Instrument. 

_ , t June  *160 

Resistance  measurement  at  high  lm- 

pulse  voltages.  S.  L.  Shlve Nov.  *168 

_ Smoke  density  indicator  and  recorder. 

" ' „ w „ Feb.  *148 

Subsurface  prospecting  for  hydrocar- 
bon oil  sands July  *252 

Square- wave  modulator Oct.  *260 

Synthetic  yarn  measuring.  Silverman 

A Ballou  Peb.  *103 

Testing  lathe  spindles  for  accuracy. 

t Aug.’  160 

Time-base  calibration.  W.  W.  Lud- 

_ man  Sept.  .117 

Transient  peak  voltmeter.  Ryerson 

A Aronson  Sept.  *110 

« Tubeless  probe  for  vacuum  tube  volt- 
meters. H.  L.  Daniels Feb.  *125 

Tubes  calibrate  heavy  artillery . .July  240 

Turbidity  measurement June  180 

Tympanometer  deveiqped  to  count  a 

filer's  swallows  Sept.  *192 

Uhf  impedance  measurements.  Mar- 

chand  A Chapman June  *97 

VHF  impedance  measurements.  D. 

S.  Henry Dec.  *166 

Vibration  meter  for  precision  tap 
Plant  Jan.  *184 

Medical  Applications: 

Application  of  high-frequency  phe- 
nomena In  medicine Jan.  236 

Electro-encephalograph  detects  brain 

waves  Sept.  *234 

Engineers  discuss  radar  and  surgical 

metal  locator  May  '234 

Medical  probe.  R.  E.  Ricketts.  . .Oct.  300 
Tympanometer  developed  to  count  a 
flier’s  swallows  Sept.  192 

Microscope: 

Electron-microphotography  of  atoms. 

Aug.  *276 

Specimen  stage  for  the  electron  mi- 
croscope. Smith,  Picard  A Runge. 

Feb.  *234 

Techniques  for  electron  microscopy. 

Jan.  276 

N 

Networks: 

Artificial  delay-line  design.  J.  B. 

Trevor.  Jr June  *136 

Design  of  L-C  phase-shift  networks. 

R.  W.  Woods Apr.  *144 

Woofer-tweeter  crossover  network. 

P.  W.  Kllpsch Nov.  *144 


O 


Generator  - powered  proximity  fuze. 

Hunston  A Miller Dec.  *98 

Machine  gun  rate-of-flre,  Indicator. 

A.  D.  Peterson Dec.  *134 

Transmitter-receiver  in  nose  used  to 

explode  shells,  rockets Nov.  *110 

Wartime  electronic  developments.  Nov.  *92 

Oscillators: 

Butterfly  circuit  In  very  high  fre- 
quency oscillator  Feb.  *216 

Cathode-coupled  oscillator  circuit. 

May  *234 

Checking  UHF  oscillator  stability.  L. 

E.  Plnney  Dec.  *139 

Design  of  stable  heterodyne  oscilla- 
tors. J.  B.  Moore Oct.  *116 

Double-beat  oscillator  for  Intermodu- 
lation measurements.  H.  H.  Scott. 

Jan.  *126 

Oscillator  for  25  c-m Jan.  *210 
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Google 
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Timing  action  of  the  blocking  oscll- 

ator.  Emanuel  Last ••<><*•  184 

Variable  frequency  oscillator  for  -5 

centimeters  ; • • • • • • 210 

Wide-range  generator  with  automatic 

amplitude.  H.  T.  Stirling May  *210 


Power  Supply: 

Power  supplies  for  photoelectric  con- 
trols Daniel  Schulman Feb. 

Power  supply — two-voltage  regulated. 
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Silverman,  Shlrleigh  & J.  w.  Ballou. 

Measuring  the  elasticity  of  syn- 

o.  . thetic  yarns  Feb.  M03 

Slvertsen,  Jena  Elongation  recorder  for 

materials  testing  July  *164 

Simon,  A.  W.  Winding  universal  colls... 

Nov.  *170 

Smith,  H.  E.  A R.  Proskauer.  Fungus 

and  moi8ture  protection May  *119 

Smith,  H.  M.  Canada’s  international 

short-wave  plant  Sept.  *112 

Smith,  Perry  C..  R.  C.  Picard  A F.  E. 

Runge.  Specimen  stage  for  the 

electron  microscope  Feb.  *234 

Smith,  R.  M.  Orbital-beam  ultrahigh- 

frequency  tubes  May  •103 

Smith-Rose,  R.  L.  Radar  principles  de- 

scribed  Mar.  *180 

Sorg.  Harold  E.  & G.  A.  Becker.  Grid 

emission  in  vacuum  tubes.. July  *104 
Sproull,  Wayne  T.  Industrial  radlogra- 

Steele,  William  H.  Electrolysis  preven- 
tion on  underground  pipe... June  *192 
Stewart.  T.  E.  Xon-metallic  mine  de- 
tector   Nov.  *100 

Stirling,  Howard  T.  Wide  range  signal 
generator  with  automatic  ampli- 
tude control  May  *210 

Stockman,  Harry.  Ultra  high  frequency 

converter  analysis  Feb.  *140 

Straus.  H.  A.  & others.  Fire-control 

radar  MPG-1  Dec.  *92 

Strauss,  W.  R.  Frequency  meter  for  use 

by  factory  personnel May  *160 

Swedlund,  L.  E.  Improved  electron  gun 

for  cathode-ray  tubes Mar.  *122 

Sweet,  Monroe  H.  Direct-reading  color 

densitometer  Mar.  *102 

TAYLOR.  D.  G.  & Gordon  VolkenanL. 

Fingertip  control  for  formation 

„ , flylng  Oct.  *98 

Taylor,  J.  H.  & others.  Fire-control 

radar  MPG-1  Dec.  *92 

Taylor,  John  P.  F-m  antenna  coupler.. 

Aug.  *107 

Square-loop  frequency  modulation 

antenna  Mar.  *96 

Taylor,  M.  & others.  Fire-control  radar 

MPG-1  Dec.  *92 

TUlson,  E.  D.  Unusual  methods  of  ap- 
plying electronic  heat Apr.  •160 

Trevor,  J.  B.,  Jr.  Artificial  delay-line 

design  June  *136 

yENABLB,  DOUGLAS.  Dielectric  heat- 

V ing  fundamentals  Nov.  *120 

Volkenant,  Gordon  & D.  G.  Taylor.  Fin- 
gertip control  for  formation  fly- 
ing   Oct.  *98 

WALD,  SIDNEY.  Artificial  antenna.. 

Nov.  *160 

Walker,  David  S.  Phototube-controlled 

flame  cutter  July  *100 

Wang,  Theodore  J.  The  Betatron.  .June  *128 
Ware,  Perry  H.  Coaxial  cable  tests.  . 

Oct.  *130 

Hyperbolic  chart  Apr.  *148 

Warrick.  Edward  C.  Waterproofing  radio 

and  electronic  equipment.  . .Apr.  #212 
Watson,  Capt.  C.  W.  Ground-controlled 

approach  for  aircraft Nov.  *112 

Welller,  Paul  G.  Practical  electronic 

Industrial  controls  Apr.  *96 

Weitmann,  Otto.  Induction  hardening.. 

Mar.  *101 

Wert,  C.  A.  A others.  Fire-control  radar 

MPG-1  Dec.  *92 

Wheeler,  Gershon  J.  Conversion  from 

series  to  parallel  impedance. Oct.  *264 

Decibel  calculator  Sept.  *294 

Filters  for  electronic  equipment  .July  *200 
Laplace  transforms  for  the  electronic 

engineer  Feb.  *804 

White,  W.  C.  Postwar  electron  tube 

business  Sept.  *92 

Wiggins.  Wallace  S.  & S.  G.  Guenther. 

Frequency  monitor  stroboscope.. 

May  *138 

Williams.  G.  H.  <6  G.  W.  Klingaman. 

Shielding  of  dielectric  heating 

installations  May  *106 

Williams,  James  A.  Crystal-driven 
modulator  for  d-c  amplifiers... 

Dec.  *128 

Wisk.  F.  Selsyn  indicating  systems  for 

remote  readings  Dec.  #276 

Woodman.  Eugene  H.  Electronics  aids 

waterway  development  ....Sept.  *110 
Woods,  Robert  W.  Design  of  L-C  phase- 

* shift  networks  Apr.  *144 

Three-phase  power  from  single-phase 

source  Aug.  *284 
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First  aid  to  ^-"ng 
with  wire  insult  *' . >f  Gboii 


Polyvinyl  resins  are  superior  tnateriah 
for  AT  T,  types  of  wire  and  cabk  insuhim 


Many  of  the  properties  that  make  wire  insulation  of  GEON  i 
superior  material  for  hearing  aid  cord  are  the  same 
ones  that  have  brought  about  its  wide  use  in  wiring  of  all  kinds, 
public  utilities,  and  in  manufacturing,  and  fabrication  m 
every  field. 

For  example,  it  resists  body  oils— won’t  get  gummy.  (It  ttsisu 
most  other  chemicals,  too;  oils,  greases,  acids,  alkalis.)  It’s  l°n8 
aging— resists  the  action  of  air,  ozone,  sun,  heat,  col 
(Ideal  for  radio  connector  cord,  switchboards,  etc.) 
light  in  weight— made  possible  by  thin  coatings 
( That  means  more  conductors  fir  conduit  • 
domestic,  industrial,  or  utility  wiring.)  It  s smooth 
comfortable.  ( Easy  to  handle,  easy  to  install.)  It  has 
flex  1 i fe.  ( Use  it  anywhere  that  there’s  vibration  or  frequent  fit*’*! 
Of  course,  all  of  these  are  in  addition  to  excellent  electrical  prop- 
erties that  make  possible  power  cable  without  Prot^ 
sheathing;  buried  service  entrance  wire,  and  many  other  severe- 

or  routine— forms  of  service. 

The  next  time  you  order  wire  or  cable  be  sure 
specify  insulation  made  from  GEON.  That  way  you’ll  be  sureB  J 
the  best.  For  further  information  write  Department 
TV  F Goodrich  Chemical  Company,  Rose  Building, 


15,  Ohio. 


B.  F.  Goodrich  Chemical  Company 

OMhr  t*S- ELECT*1* 


432 


Digitized  by  LnOOQle 


STEADY  JOBS 
and  EQUIPMENT  BUYING 


SUSTAINED  employment  is  not  an  attainable 
goal  unless  we  can  moderate  the  erratic  fluctu- 
ations  which  have  characterized  the  markets 
for  producers’  equipment  in  past  periods. 

In  the  36th  editorial  of  this  Series,  “Sustained 
Construction  Activity”,  it  was  pointed  out  that  there 
is  no  specific  that  can  Cure  our  economy  of  its 
“boom-or-bust”  proclivities.  Rejecting  the  notion 
that  the  construction  industry  could  be  so  managed 
as  to  stabilize  business  as  a whole,  that  editorial 
stressed  the  important  contribution  it  could  make 
to  that  end,  and  suggested  several  practical  expe- 
dients through  which  construction  activity  might  be 
regularized. 

Producers'  equipment  represents  an  area  of  pro* 
duction  quite  as  broad  and  diverse  as  construction, 
though  smaller  in  aggregate  value.  The  classification 
embraces  all  types  of  durable  equipment  bought  and 
used  for  profit- locomotives,  motor  trucks,  electric 
generators,  conveyors,  machine  tools,  farm  imple- 
ments, and  so  on  down  to  surgical  instruments  and 
dentists’  drills. 

Although  the  output  of  such  equipment  averages 
over  a long  period  only  5 or  6 per  cent  of  the  nation  s 
total  output,  it  resembles  construction  in  its  extra- 
ordinary ups  and  downs.  While  its  component  item3 
differ  widely  in  the  amplitude  and  violence  of  their 
fluctuations,  the  class  as  a whole  Is  one  of  the  most 
unstable  sectors  of  the  economy,  making  therefore  a 
quite  disproportionate  contribution  to  the  cyclical 
swings  of  total  production  and  employment.  Fro® 
1929  to  1932,  for  example,  the  decline  in  the  output 
of  producers’  equipment  (at  constant  prices)  was 
65-70  per  cent,  in  contrast  to  a decline  of  25-30 
per  cent  in  the  national  output  exclusive  of  such 
equipment  and  construction. 

A more  recent  example  of  the  volatility  of  demand 
in  this  field  may  be  found  in  the  movement  of  a 
monthly  index  of  orders  for  industrial  equipment, 
which  rose  from  92  in  the  spring  of  1936  to  160  in  the 
spring  of  1937,  falling  thence  to  65  in  the  summer 
of  1938  and  rising  again  to  142  In  the  fall  of  1939. 
Such  fantastic  oscillations  present  an  obvious  and 
inescapable  challenge  to  all  concerned  with  eco- 
nomic stabilization. 

Not  only  are  these  fluctuations  bad  for  the  econ- 
omy; they  represent  demonstrably  bad  buying  policy 
on  the  part  of  the  purchasers  of  equipment.  Peaks 
in  demand  come  characteristically  just  before  a busi- 
ness depression  (1919,  1929,  and  1937,  for  example) 


when  machinery  costs  the  most  to  buy  and  install 
and  when  it  has  the  lowest  expectancy  of  continuous 
use.  At  exactly  the  wrong  moment  everyone  wants 
to  buy.  In  the  depression  itself,  on  the  other  hand, 
with  costs  down,  and  with  nowhere  for  the  economy 
to  go  but  up,  equipment  is  a drug  on  the  market. 
No  one  wants  it  when  it  is  cheap  and  has  the  greatest 
prospect  for  steady  employment.  Here  is  a behavior 
pattern  so  profoundly  irrational  there  must  be  hope 
for  its  correction. 

There  is  an  inveterate  tendency  for  business  man- 
agement to  forecast  the  future  simply  by  projecting 
the  trends  of  immediate  past.  Although  it  is  axio- 
matic that  the  chance  for  an  extended  period  of  fur- 
ther prosperity  is  inversely  related  to  the  duration 
of  the  prosperity  already  experienced,  this  truism  is 
generally  ignored.  The  longer  the  boom  has  run,  the 
more  certain  is  business  management  that  it  will 
continue  indefinitely.  Convinced  at  last  by  “actual 
experience”  that  prosperity  is  here  to  stay,  execu- 
tives give  the  green  light  to  commitments  for  expan- 
sion and  modernization  previously  deferred  in  a 
skeptical  attitude  of  “wait  and  see”.  The  result,  so 
often  repeated  in  our  economic  history,  is  an  ex- 
plosive burst  of  demand  for  equipment  coincident 
with,  and  contributing  to,  the  final  spasm  of  a 
boom.  Witness  the  phenomenal  rise  in  industrial 
equipment  orders  during  1928  and  the  spring  of 
1929. 

The  same  prophetic  illusion  works  in  reverse  dur- 
ing a depression.  Recent  experience  is  projected  into 
the  future.  Although  the  mathematical  probability 
of  an  imminent  and  prolonged  period  of  prosperity 
jTw.renw.g  directly  with  the  duration  of  a depression, 
it  f?™4«  little  reflection  in  business  decisions.  Timidity 
and  caution  are  the  order  of  the  day. 

Compounding  the  errors  caused  by  faulty  per- 
spective, are  a number  of  influences  which  make 
it  extremely  difficult  for  individual  enterprises  to 
follow  a policy  geared  to  sensible  long-term  con- 
siderations. In  a boom,  particularly  in  its  climactic 
phnw,  most  producers  find  their  order  books  crowd- 
ed beyond  the  potential  of  their  current  capacities 
and  are  faced  with  the  alternatives  of  expanding 
or  losing  trade  to  competitors.  In  depression  the 
situation  is  reversed,  and  producers  with  unused 
facilities  find  it  difficult  to  justify  increases  in  their 
capital  charges. 

An  even  more  controlling  factor  m many  cases  is 
the  availability  of  funds.  This  is  especially  important 
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for  small  concerns.  Typically  such  firms  enjoy  but 
limited  credit,  and  with  no  ready  access  to  the 
securities  markets,  their  capital  expenditures  depend 
primarily  on  earnings.  When  they  are  making 
money,  they  can  afford  to  buy  equipment;  when 
they  are  losing,  they  largely  disappear  from  the 
equipment  market.  Even  great  enterprises,  though 
less  dependent  on  earnings  as  a source  of  capital 
financing,  are  profoundly  influenced  by  the  volume 
of  internal  funds  available  for  the  purpose,  a volume 
as  a rule  far  greater  in  prosperity  than  in  depression. 
Moreover,  it  is  usually  easier  in  good  times  to  obtain 
outside  funds  through  the  sale  of  stock  or  by  bor- 
rowing, since  in  bad  times  bankers,  underwriters, 
and  investors  are  susceptible  to  the  same  timidity 
and  caution  that  afflict  business  management  gen- 
erally. 

We  are  dealing  here  with  a combination  of  psy- 
chological, physical,  and  financial  forces  which  con- 
spire to  aggravate  the  instability  of  demand  for 
capital  equipment.  What  can  be  done  to  reduce  this 
instability  and  thus  to  bring  equipment  purchasing 
into  a more  sensible  and  constructive  pattern? 

There  is  no  panacea,  no  royal  road  to  the  solution. 
The  problem  has  been  with  us  since  the  beginning 
of  the  industrial  economy.  It  is  complex  and  difficult. 
It  is  not,  however,  wholly  intractable.  We  may  rea- 
sonably hope  that  industry  will,  through  intelligent 
effort,  make  substantial  progress  toward  a satisfac- 
tory solution.  The  industrial  equipment  field  is  one 
in  which  government,  except  for  war  periods,  has 
exerted  little  direct  control.  The  best  insurance 
against  the  institution  of  government  measures  is  to 
so  conduct  activities  in  the  equipment  field  that  no 
justification  for  government  interposition  can  be 
made. 

* * * 

1.  The  first  and  most  important  step  is  for  industry 
itself  to  reconsider  its  heretofore  haphazard  and  oppor- 
tunistic policy  in  the  purchase  of  equipment,  substi- 
tuting so  far  as  possible  a regularized,  long-range 
programming  of  expenditure  that  will  resist  both  the 
excited  long-buying  of  booms  and  the  equally  disturb- 
ing underbuying  of  depressions.  Such  long-range  pro- 
gramming is  particularly  appropriate  and  advantageous 
for  large  enterprises  in  established  industries  such  as 
railroads,  electric  power,  steel,  automobiles,  and  the 
like,  but  it  makes  sense  much  more  generally. 

Once  executives  come  to  realize  that  a reasonably 
stable  equipment  program  contributes  not  only  to  the 
welfare  of  the  economy  but  also  to  the  lowering  of 
their  long-run  equipment  costs,  the  opportunity  to  com- 
bine a public  service  with  private  advantage  should 
induce  them  to  recast  their  policies  accordingly. 

There  is  an  even  more  compelling  reason  for  pur- 
chasers of  industrial  equipment  to  do  everything  pos- 
sible to  regularize  their  demands.  Some  concerns 
unquestionably  will  find  themselves  in  a postwar  posi- 
tion where  speedy  delivery  of  needed  equipment,  even 
though  it  involves  the  payment  of  premium  prices,  will 
seem  to  be  justified.  But  there  is  no  system  of  accounting 
that  can  show  it  to  be  a profitable  transaction  to  pro- 
mote an  equipment  industry  boom  that  runs  a brief 


course  only  to  collapse  when  the  backlog  of  deferred 
maintenance  and  development  has  been  satisfied.  Hut, 
historically,  has  been  the  trigger  which  trips  the  door 
to  the  depression  phase  of  the  business  cycle.  No  imme- 
diate advantage  can  compensate  for  the  contagious 
paralysis  that  infects  all  business  enterprise  when 
major  layoffs  occur  in  any  major  segment  No  pre- 
cautionary measures,  self-imposed  by  business,  can  he 
regarded  as  unduly  severe  if  they  can  prevent  this 
devastating  blight 

2.  Financial  agencies  can  and  should  play  a respon- 
sible role  in  regularizing  equipment  demand.  Funds 
for  the  purchase  of  producers’  equipment  should  be 
offered  boldly  and  at  low  interest  during  depress® 
periods,  and  should  progressively  tighten  as  a boom 
market  bids  up  the  price  of  purchase  and  installation 
Banks  and  financial  houses  have  excellent  facilities  for 
gathering  and  interpreting  market  and  general  eco- 
nomic information.  It  is  good  business  for  them,  and 
for  the  national  economy,  to  exercise  their  accepted 
discretions  in  a manner  that  will  help  to  promote 
economic  stability. 

3.  There  now  is  almost  universal  recognition  of  die 
need  for  a thorough-going  revision  of  our  corporate  tar 
structure  to  the  end  that  effective  incentives  may  be 
offered  for  private  capital  investment  The  possibility 
of  including  provisions  which  would  offer  special  tax 
concessions  to  equipment  investments  made  in  depres- 
sion periods  is  worthy  of  intensive  exploration. 

* ☆ * 

The  fundamental  problem  here  is  educational  If 
all  business  enterprises  in  a position  to  do  so  were 
to  regularize  their  equipment  expenditures,  it  would 
have  a tremendously  beneficial  effect  True,  it  would 
accomplish  no  miracles.  For  many  concerns  it  is  not 
feasible  to  schedule  equipment  buying  over  a long 
period.  Even  those  who  do  schedule  it  are  likely  in 
practice  to  attain  only  a relative  stability.  It  must  be 
acknowledged,  moreover,  that  few  programs  coua 
withstand  indefinitely  a very  deep  and  prolonged 
depression  such  as  we  had  in  the  thirties.  Never- 
theless the  adoption  of  stabilization  policies  where 
feasible  would  make  a signal  contribution  »> 
the  restraint  of  booms  and  to  the  mitigation  of  de- 
pressions. Here  is  something  industry  can  do  ot 
itself. 

It  is  easy  to  disparage  such  remedies  for  ece*1' 
instability  as  are  here  proposed  on  the  ground  tha 
they  are  partial  only.  However,  joined  with  others 
also  partial,  they  can  achieve  in  combination  a so 
progress  toward  the  goal  of  sustained  high  level  e® 
ployment— progress  that  is  unattainable  through  eco- 
nomic cure-alls.  The  road  suggested  is  a slow 
and  difficult,  but  it  leads  upward. 
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FREIGHT  RATES 
and  INDUSTRY  LOCATION 


A SIGNIFICANT  decision,  announced  by  the 
Interstate  Commerce  Commission  last  May, 
will  take  preliminary  effect  on  the  30th  of 
August.  It  will  eliminate  some  of  the  advantage  in 
freight  rates  which  Eastern  shippers  have  enjoyed 
over  shippers  of  the  South  and  West. 

The  decision  has  been  enthusiastically  hailed  as 
an  Emancipation  Proclamation  for  industrial  devel- 
opment in  the  South  and  West.  It  has  also  been 
roundly  condemned  as  a meddlesome  control  meas- 
ure that  ignores  valid  differences  in  haulage  costs, 
and  recklessly  blots  out  one  of  the  important  factors 
in  determining  the  location  of  American  industry. 

Cooler  appraisals  indicate  that  the  net  effect  of 
the  rate  changes  will  be  far  less  drastic  than  pre- 
dicted by  tiw  more  passionate  advocates  or  adver- 
saries. Nonetheless,  it  is  important  for  the  business 
world  to  be  informed  both  upon  the  principle  at 
issue,  and  upon  the  forseeable  consequences  of  the 
ICC  ruling. 

What  Hie  Decision  Calls  For 

The  Commission’s  order,  unless  modified,  or  suc- 
cessfully contested  in  the  courts,  will  require:  (1) 
the  eventual  establishment  of  a single  freight  classi- 
fication, or  grouping  of  commodities  for  rate-making 
purposes,  for  application  throughout  the  United 
States;  (2)  a single  level  of  “class  rates’5- or  rates 
established  for  groups  of  commodities  and  primarily 
applying  to  manufactured  and  semi-manufactured 
articles  of  high  value — in  the  area  east  of  the  Rocky 
Mountains.  This  level  is  to  be  about  15  per  cent 
higher  than  the  present  Eastern  scale. 

Because  it  will  take  some  time,  probably  several 
years,  to  work  out  a uniform  classification  in  place 
of  the  three  major  classifications  now  existing,  a 
preliminary  adjustment  is  'provided. 

Under  this  adjustment  the  existing  classifications 
will  remain  in  effect,  but  the  rates  on  articles  moving 
on  class  rates  will  be  increased  10  per  cent  in  East- 
ern or  Official  Territory— the  area  east  of  Lake 
Michigan  and  the  Mississippi  River  and  north  of 
the  Ohio  River.  On  the  other  hand,  the  rates  will 
he  reduced  10  per  cent  on  articles  moving  on  class 


rates  in  the  South  and  West,  and  on  those  moving 
interterritorially. 

What  The  Problem  Was 

At  the  present  time  there  are  marked  differences 
in  the  levels  of  the  basic  scales  of  class  rates  in  the 
five  major  rate  territories— Eastern  or  Official,  South- 
ern, Western  Trunk-Line,  Southwestern,  and  Moun- 
tain-Pacific. It  is  difficult  to  average  the  levels  of 
rates,  but  if  the  level  of  the  class-rate  scale  in  Official 
Territory  is  taken  as  100,  the  levels  in  the  other 
territories  may  be  roughly  considered  as  follows: 
Southern,  139;  Western  Tmnk-Line,  128,  146,  161, 
184  in  Zones  I,  II,  HI,  and  IV,  respectively;  South- 
western, 161;  Mountain-Pacific,  166. 

These  are  over-all  comparisons.  On  many  indi- 
vidual articles  the  differences  in  levels  of  rates  are 
greater  or  less  than  indicated  because  of  offsetting 
differences  in  regional  classification  schemes.  In 
many  cases,  the  use  of  exceptions  to  the  classifi- 
cations and  of  special  commodity  rates  has  reduced 
the  regional  disparity  in  rates.  In  fact,  on  some  arti- 
cles, particularly  on  certain  low-grade  traffic  such 
as  logs,  pulpwood,  bricks,  coal,  sand  and  gravel,  the 
South  and  the  West  have  actually  had  lower  rates 
than  Official  Territory.  The  rate  disadvantage  of 
the  South  and  West  has  been  principally  on  manu- 
factured articles. 

The  territorial  differences  in  class-rate  levels  have 
complicated  the  problem  of  constructing  rates  from 
a point  in  one  territory  to  a point  in  another.  Today, 
such  a rate  tends  to  represent  a blend  of  the  levels 
in  effect  at  the  place  of  shipment  and  at  the  desti- 
nation. Thus  manufacturers  and  dealers  in  a higher- 
rated territory  are  likely  to  see  themselves  at  a 
disadvantage  when  they  attempt  to  sell  goods  in  a 
lower-rated  territory  against  competition  located 
there. 

Now,  if  differences  between  territorial  rate  levels 
are  removed,  the  interterritorial  freight-rate  prob- 
lem largely  disappears.  So  it  is  an  important  ques- 
tion whether  such  differences  are  justified.  The 
Commission  has  found  that  they  are  not  justified 
either  by  differences  in  transportation  costs  or  by 
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other  valid  considerations.  From  that  finding  came 
the  order  to  establish  a uniform  level  of  class  rates 
and  a single  freight  classification. 

The  Decision  And  The  Map  Of  Industry 

What  effect  will  this  decision  have  on  the  location 
of  industry  in  the  United  States;  and  what  effect  will 
it  have  on  the  economic  development  of  the  East, 
the  South,  and  the  West  ? 

Today,  many  in  the  West  and  South  believe  that 
their  higher  class  rates  have  seriously  retarded  the 
industrial  development  of  these  areas,  and  promoted 
the  concentration  of  manufacturing  in  Official  Terri- 
tory. They  point  out  that  Official  Territory  has  over 
SO  per  cent  of  the  population  of  the  country,  had 
nearly  70  per  cent  of  the  persons  employed  in  man- 
ufacturing in  1940,  and  accounted  for  nearly  73 
per  cent  of  the  “value  added  by  manufacture”  in 
1939.  Boasts  of  industrial  development  in  the  South, 
and  to  some  extent  in  the  West,  in  recent  years  are 
accompanied  by  claims  that  this  would  have  been 
greater  but  for  the  freight  rate  structure. 

Another  point  gets  into  the  argument.  Official 
Territory  is  not  only  the  country’s  most  highly  in- 
dustrialized section,  but  also  its  greatest  consuming 
territory.  It  is  the  market  which  nearly  all  manu- 
facturers desire  to  reach,  particularly  when  they 
have  a surplus  to  sell.  Here  again  is  occasion  for  an 
outcry  by  producers  outside  of  Official  Territory 
against  the  consequences  of  their  high  rate  levels 
and  the  levels  of  interterritorial  rates.  Under  the 
circumstances  it  is  not  strange  that  the  South  and 
West  have  argued  long  and  volubly  for  mile-for-mile 
equality  in  rates. 

Those  in  Official  Territory  deny  that  the  South 
and  West  have  been  handicapped  by  the  rate  adjust- 
ment, but  at  the  same  time  look  with  apprehension 
at  the  loss  of  their  rate  advantage. 

What’s  The  Effect? 

However,  now  that  the  ICC’s  ruling  is  about  to 
be  put  in  operation,  it  is  time  for  the  colorful  state- 
ments of  the  debating  period  to  give  way  to  a sober 
appraisal  of  what  the  consequences  are  likely  to  be. 

In  the  first  place,  it  should  be  noted  that  the  pre- 
liminary adjustment  will  affect  only  a small  fraction 
of  the  traffic.  Estimates  indicate  that  only  about 
4 per  cent  of  the  full-carload  traffic  moves  on  regu- 
lar class  rates.  About  11  per  cent  moves  on  exception 
ratings  which  are  not  affected  by  the  preliminary 
order;  and  about  85  per  cent  moves  on  commodity 
rates,  which  were  not  within  the  scope  of  the  Com- 
mission’s decision.  The  proportion  of  less-than-car- 
ioad  lot  traffic  affected  is  much  greater,  since  a large 


part  of  it  moves  on  class  rates;  however,  less- than-  | 
carload  traffic  constitutes  less  than  1%  per  cent  of 
the  total  tons  carried. 

The  permanent  rate  structure  will  probably  affect 
more  traffic  than  the  preliminary  order  since,  in  the 
establishment  of  a uniform  classification  containing 
more  classes  than  at  present  provided,  many  articles  ' 
now  moving  on  exception  ratings  are  likely  to  he 
brought  within  the  scope  of  the  classification,  and 
the  same  may  be  true  of  some  articles  moving  an 
commodity  rates. 

But,  even  if  a large  proportion  of  the  traffic  were 
affected  by  the  Commission’s  order,  or  if  the  pin-  ■ 
ciple  of  equality  in  rate  levels  is  eventually  extended  | 
to  much  of  the  traffic  moving  on  commodity  rates,  > 
these  freight-rate  adjustments  cannot  be  expected  , 
to  revolutionize  the  pattern  of  industrial  location  in  i 
the  United  States.  j 

It  seems  evident  that  most  industries  now  found  ^ 
in  Official  Territory  are  located  there  for  other  ad- 
vantages than  that  of  a lower  level  of  freight  rates, 
undeniable  as  such  an  advantage  is.  Insofar  as  that 
is  the  case,  they  have  little  to  fear  from  equalization 
of  the  rate  levels.  For  those  which  have,  indeed, 
been  dependent  upon  preferential  rates  and  other- 
wise badly  located,  the  removal  of  the  preference 
and  their  consequent  shift  to  some  area  possessing 
a real  locational  advantage  would  be  desirable  fro® 
the  point  of  view  of  the  national  economy. 

While  the  high  degree  of  industrial  concentration 
in  Official  Territory  does  not  rest  on  such  a Bhosy 

basis  as  a lower  level  of  class  rates,  the  Commissions 

decision  does  remove  one  existing  handicap  to  the 
growth  and  development  of  the  South  and  West  Hie 
new  adjustment  should  permit  all  sections  of  the 
country  to  develop  the  industries  for  which  they 
have  natural  advantages.  It  should  contribute  to  a 
sounder  regional  specialization  than  we  have  here- 
tofore had. 

This  decision  will  neither  destroy  the  economy  of 
the  industrial  East,  nor  will  it,  overnight,  assure  the 
industrial  flowering  of  the  South  and  West  It  con- 
stitutes one  sound  step  toward  establishing  that 
equality  of  opportunity  for  all  sections  of  the  coun- 
try which  is  essential  to  a nation  that  bears  e 
proud  title  of  The  United  States. 


President,  McGraw-HiU  Publishing  C°->  ^ 
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A Tide  in  the  A ffairs  of  Men 


Dm  August  (>.  1')  1.>,  an  atomic  lmmb  exploded  over 
die  Japanese  city,  Hiroshima. 

Its  concussion  blasted  the  city,  vaporized  the 
fibre  of  Japan’s  will  to  resist,  and  flasheib  across 
die  world  a light  of  such  glaring  intensity  that 
even  blind  eyes  could  glimpse  the  forjfed  road 
that  is  presented  to  humanity's  choice  and  destiny. 

It  has  been  a scant  fifty  years  since  Pierre  and 
Marie  Curie  embarked  upon  their  research  with 


Lqually,  it  may  he  susceptible  of  development  as 
a mighty  force  for  human  welfare.  But  we  have 
proved  the  destructive  use,  while  the  constructive 
applications  are  still  in  the  realm  of  speculation. 

Clearly  the  trust  is  of  a magnitude  that  tran- 
scends national  jurisdiction.  No  walls  have  ever 
been  built  high  enough  to  fence  in  the  spread  of 
scientific  knowledge,  and  even  if  we  w ere  resolved 
to  forego  the  harnessing  of  atomic  power  for 


the  avowed  intent  of  discovering  “how  the  atoms  peace,  it  is  hopeless  to  think  that  its  application 
of  the  universe  are  put  together”.  Their  work  con-  for  war  can  be  held  for  long  as  the  monopoly  of 
tributed  radium  to  the  knowledge  and  use  of  man-  one,  or  a small  group  of  nations, 
kind,  but  it  marked  only  a way  station  upon  the  At  one  giant  stride  our  scientific  and  techno- 
awesome  quest  which  they  announced  and  which  logical  development  has  so  far  outdistanced  our 
thousands  of  scientists  have  since  pursued.  social  engineering,  that  we  have  no  choice  but  to 

Under  the  compelling  stimulus  of  war,  the  first  turn  our  full  powers  of  creative  imagination  to 
major  application  of  the  release  of  atomic  force  control  the  forces  we  have  unleashed  and  to  bend 
has  been  in  an  instrument  that  raises  by  an  un-  them  to  man’s  use  rather  than  to  his  destruction, 
imaginable  dimension  our  ability  to  dole  out  Since  control  is  not  possible  without  under- 
death. We  can  be  devoutly  grateful  that  the  sci-  standing,  I have  asked  several  of  my  editorial 
entific  leadership  of  the  Allies,  and  particularly  colleagues  in  the  McGraw-Hill  organization  to 
the  industrial  strength  of  the  United  States,  present  on  the  pages  which  follow  a non-technical 
brought  to  us,  rather  than  to  our  enemies,  pri-  but  authoritative  account  of  the  known  facts  and 
ority  in  the  development  of  this  dread  weapon,  implications  of  atomic  power. 

But  even  in  its  present  infant  phase,  it  is  clear  » 

that  ownership  of  the  principle  of  the  atomic  / , . q y / 

bomb  carries  a trusteeship  of  terrifying  gravity  jK 

we  hold  in  trust  a power  that  is  capable  of  w A 

unraveling  the  very  fabric  of  our  civilization.  President,  McGraw-Hill  Publishing  Co.,  ft  Inc. 
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HOW  ATOM  SPLITTING 


Five  years  ago  the  world  learned  that  the  atom  of 
Uranium  235  had  been  split,  releasing  energy  at  the 
rate  of  about  11,400,000  kilowatt-hours  per  pound. 
The  whole  amount  tested  was  less  than  the  head  of 
a pin,  but  there  was  no  escaping  the  possibility  that 
heaters,  engines,  turbines,  jets  and  explosives  could 
be  powered  by  atomic  energy.  Then  began  the  race 
to  win  the  war  with  atoms. 


With  what  help  England  could  give,  America 
outran  the  best  atom-splitting  team  Germany  could 
muster.  It  was  all  done  in  silence.  From  the  rammer 
of  1940  until  the  atomic  bomb  blasted  Hiroshima, 
black  secrecy  blanketed  history’s  most  amazing  sci- 
entific and  industrial  accomplishment  j| 

Coldly  scientific  in  form,  the  War  Department’s 
“Smyth  Report,”  released  August  12,  1945,  trace* 
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3  TYPICAL  ATOM 
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Each  of  the  92  elements  has  its  own  atom,  yet  all  atoms  are 
made  from  the  same  three  pieces.  Fig.  1 : proton  (weight  1, 
electric  charge  + 1 ) , neutron  (weight  1,  charge  0) , electron 
(weight  0,  charge  —1 ) . 

Every  atom  is  a tiny  “solar  system.”  Its  central  “sun” 
has  one  or  more  protons,  generally  neutrons  too.  The  re- 
volving “planets”  are  electrons,  one  for  each  proton  in 
nucleus,  because  plus  and  minus  must  balance  in  the  atom. 


The  opposite  charges  attract,  but  high  speed  keeps  the  elec- 
trons out  in  their  circular  orbits,  just  as  the  centrifuge 
tendency  of  the  revolving  earth  defies  the  sun’s  gravita- 
tional pull.  All  the  weight  of  an  atom  is  in  the  nucleus,  to 
add  the  number  of  protons  and  neutrons  to  get  the  atom  s 
weight.  The  atomic  number  is  equal  to  the  number  of 
protons.  The  elements  are  known  by  their  atomic  numbers. 
Thus  uranium  (92  protons)  is  element  92. 
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4  ATOM  SIZE 
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If  the  nucleus  were  a baseball,  the 
electron  would  be  a speck  2pOOft  away 


5  ELECTRON  ENERGY 
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Energy  values  are  relatively  small 


6  NUCLEAR  ENERGY 


NUCLEUS 
Binding  energy  resists ; 
separation  of  protons  | 
and  neutrons  ! 

In  I lb.  of  helium, nuclear  energy  * | 

electricity  enough  to  run  a 100-won  i 
bulb  13,000,000  yews. 


With  only  their  outermost  orbits  touching,  it  would  take 
half  a million  atoms  to  span  the  thickness  of  a human  hair. 
Yet  if  one  could  expand  an  atom  until  its  outer  orbits  en- 
circled 100  acres,  the  nucleus  would  be  no  bigger  than  a 
baseball.  The  atom  is  mostly  empty  space.  Fig. 4,  and  nuclei 
are  difficult  targets;  so  much  so  that  a neutron  bullet  fired 
at  a mass  of  atoms  may  pass  right  through  without  a hit. 


The  almost  weightless  speeding  electrons.  Fig.  5, 
all  the  energy  of  chemical  reactions  (as  when  coal 
or  TNT  explodes) . Evading  all  ordinary  chemical  ac 
the  immensely  greater  energy  bound  up  in  the  nuc  e 
Fig.  6,  can  be  released  only  by  direct  hits  on  the  nuc  e 
to  break  the  bonds  that  hold  the  protons  and  neutrons 
a tight  bundle. 
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RELEASES  ENERGY 


the  fantastic  course  of  atomic  engineering  through 
the  five  years  of  news  blackout.  It  leaves  no  doubt 
that  only  a complete  mobilization  of  America’s  tech- 
nical resources  could  have  won  this  victory  in  time. 

Other  writers  in  other  places  will  unfold  the  epic 
story.  This  presentation  leaves  no  space  to  reflect 
the  glory  of  the  accomplishment  or  even  to  record 
its  history.  The  aim  is  more  immediately  practical 


— to  give  the  professional  and  business  readers  of 
the  McGraw-Hill  publications  a sound  and  honest, 
though  noil-technical,  understanding  of  this  atom- 
smashing  business,  so  that  they  will  know  better 
what  to  do  about  it  in  their  personal  and  business 
lives. 

Now  for  step  one:  learning  the  shape  of  atoms  and 
how  atom  splitting  releases  energy. 
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Some  unstable  “heavy 
atoms  voluntarily  split 
to  form  other  atoms 
and  release  usable  energy 


8 NATURE'S  HEAVIEST  ATOM| 

Bosk:  Source  of  Atomic  Energy 
-92  Electrons 


URANIUM 
238 


Radium  nucleus.  Fig.  7,  automatically  emits  particles  and 
energy  as  it  decays  to  form  nuclei  of  a lighter  atom.  Most 
common  form  of  uranium,  nature’s  heaviest  atom,  is 
Uranium  238,  Fig.  8.  This  form  is  not  directly  useful  for 
energy  release,  but  is  important  as  the  raw  material  for  a 
new  synthetic  power  atom,  plutonium. 

An  element  may  have  several  isotopes  — alternate  forms 
with  the  same  number  of  protons  but  slightly  different 


9 ISOTOPES 


Chemically  the  same  element  and 
their  nuclei  contain  the  same  number 
of  protons.  Only  the  number  of 
neutrons  differs.  Thus  the  uranium 
isotopes  are 


993% 


Q7%  NEGLIGIBLE 
OF  ALL  URANIUM 


numbers  of  neutrons.  Uranium  238  is  the  isotope  in  which 
protons  and  neutrons  total  238  (so  atom  weight  is  238). 
It  is  99.3%  of  the  total  weight  of  pure,  natural  uranium. 
The  stuff  needed  for  direct  atomic-energy  release  is 
Uranium  235,  only  0.7%  of  the  total  weight  and  very  diffi- 
cult to  separate  from  238.  To  put  it  another  way,  every 
pound  of  energy-giving  U-235  comes  mixed  with  a dead 
load  of  140  pounds  of  relatively  inert  U-238. 


10  ENERGY  RELEASED  11,400,000  Kilowott-hours  per  pound  of 

When  nucleus  of  U-235  atom  s hit  by  neutron  bullet 
it  explodes  to  form  lighter  atoms  and  spare  neutrons 
whose  combined  mass  is  less  than  mass  0^.0-235  _ 

Lost  mass  is  transformed  into  energy-see  Einstein  s Law 


ONE  WAY  U-235  SPLITS 
U-235  NUCLEUS 

NEUTRON, 

O—*- 
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11,400,000  kw-hr.  of  energy  per  lb  of  U-235 


U-235 

EINSTEINS  LAW. 

One  pound  of  anything  * 11,400,000,000  kw.-hr. 


when 


mass 

or 

energy 


converts  to 


energy 

or 

mass 


Applying  this  law  to  U-235  split1 

Explosion  products  of  one  pound  of  U-235 
weigh  0.9990  lb.,  so  0.001  lb.  of  the  moss 
is  converted  into  0.001x11,400,000,000* 
11,400,000  kilowatt-hours  of  energy. 


I Mj-rvvjWV  rw  mi.  ui  cuciyjr  K'-’  ~ 

„ " ~ ™™l„r»d  and  directed  and  how  a chain  of  self-propagating 

Slow  neutron  bullet  splits  Uranium  235  nuclear  target,  gen-  p PXDiosions  may  sweep  through  a block  of  U-235  like 
erating  two  lighter  atoms  ( Fig.  10  shows  one  P®*?blh^  ’ “ ? t fi,e  to  release  heat  energy  equivalent  to  11,400,000 

and  several  free  neutrons  ready  to  split  other  U-235  atoms,  a pound.  

The  following  pages  show  how  the  original  neutron  may  be  la  ow  - 


CONTINUED  ON  NEXT  PAGE 
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CREATING  and  ISOLATING  1 


Man-Made  Plutonium  — U-235  Substitute 


HOW  PLUTONIUM  IS  MADE  FROM  URANIUM 


caa-  Qq- 

Rods  of  natural  uranium  A . 

sealed  m aluminum  cans  '•'0 

are  inserted  in  piles  of  ft. 

carbon  or  other  material  '“'0 

that  slows  fast  neutrons.  A m. 


HEAT  OUTPUT 


RAOIOACTIVE  RAYS 


Uranium  mixed  with  plutonium\  Intermediate  1 
I step  omitted  | 


Neutron  source  to  start  action 
(see  comments  below) 


Dissolved  in  acid  and 
separated  chemically 


? Neutron  bullet 
from  U235  pins 


U238  Nucleus 

to  moke 
shortlived 


Which  loses  2 
nuclear'  electrons 
(see  text)  convert- 
ing 2 neutrons 
into  protons 
forming 


Metal  or  salt  of  plutonium  <E53 


Metal  or  salt  of  uranium  1 


We  now  have  two  kinds  of  atoms  suit- 
able for  energy  supply,  Uranium  235 
and  the  new  man-made  element  No.  94, 
plutonium.  Uranium,  No.  92,  has  the 
heaviest  atom  of  any  natural  element. 

The  Manhattan  Project’s  plant,  on 
the  Columbia  River  at  Hanford,  Wash- 
ington, is  the  world’s  greatest  atom- 
making factory.  Devoted  entirely  to 
the  mass  production  of  plutonium 
atoms,  it  uses  U-238  as  the  raw  mate- 
rial and  U-235  as  the  energy  source, 
intimately  mixed  in  the  same  propor- 
tions as  in  natural  uranium  metal. 

The  production  units  at  Hanford 
are  several  huge  uranium  “piles.”  Each 
is  a very  large  block  of  graphite  with 
holes  in  which  are  placed  uranium- 
metal  cylinders,  sealed  in  aluminum 
cans  to  protect  the  uranium  from  cor- 
rosion by  the  cooling  water  constantly 
pumped  through  the  pile. 

Each  pile  runs  itself,  so  to  speak. 
Not  even  the  conventionally  pictured 
bits  of  radium,  beryllium  and  paraffin 
are  needed  as  a “pilot  light”  to  start 
operation.  There  are  always  enough 
stray  neutrons,  or  even  cosmic  rays,  to 
start  a chain  reaction. 

But  once  started,  the  design,  size 
and  control  of  the  unit  must  be  such 
that  the  chain  reaction  will  continue  at 
an  even  rate  — neither  die  down  nor 
overshoot  into  an  explosion. 


To  see  this  picture  in  atomic  terms, 
consider  the  fraction  of  a second  in 
which  one  million  U-235  nuclei  are 
split,  producing  two  million  lighter 
atoms  (say,  one  million  of  barium  and 
one  million  of  krypton)  and  between 
one  and  three  million  fast-moving 
neutron  projectiles. 

Some  of  these  escape  in. free  flight 
right  through  the  relatively  vast  atom- 
ic “open  spaces.”  Some  are  “captured” 
by  the  many  U-238  nuclei,  and  others 
are  captured  by  the  impurities.  But,  on 
the  average,  of  the  one  to  three  mil- 
lion, just  one  million  neutrons  must 
succeed  in  smashing  another  million 
U-235  atoms  in  the  next  fraction  of  a 
second.  Thus,  with  reproduction  rate 
exactly  maintained,  life  goes  on  in  the 
atomic-energy  pile. 

The  carbon,  one  of  several  possible 
“moderators,”  serves  to  slow  down  the 
neutrons  without  capturing  many.  The 
chance  of  a fast,  straight-moving  neu- 
tron hitting  a tiny  nucleus  is  very 
small,  whereas  the  “slow  ball”  neutron 
is  likely  to  be  sucked  in  by  the  nuclear 
attraction  if  it  would  otherwise  be  a 
near  miss. 

From  the  practical  angle,  maintain- 
ing a chain  reaction  requires  careful 
design  and  good  controls.  The  pile 
must  be  slightly  larger  than  actually 
necessary  for  a chain  reaction  (that 


PLUTONIUM 


means  scores  of  tons  of  material). 
Controls  must  be  sensitive  and  depend- 
able. They  slow  the  pile  down  to  the 
balancing  point  by  sliding  in  retard- 
ers, such  as  strips  of  cadmium. 

As  already  noted  elsewhere,  the  en- 
ergy released  is  about  11,400,000  kilo- 
watt-hours for  each  pound  of  U-235 
split  This  energy  appears  first  in  thf 
high  speed  of  the  pieces  thrown  off  b; 
the  atomic  split,  then  is  converted  In 
sensible  heat  as  collisions  slow  down 
these  projectiles.  The  energy  is  final!) 
removed  from  the  pile  in  the  form  of 
hot  air,  steam,  hot  water  or  other 
heated  fluid  in  commercial  quantit) 
and  thermal  condition. 

Such  piles,  operated  with  normal 
uranium,  or  with  uranium  enriched  i - 

U-235,  would  seem  to  be  the  primary 
means  by  which  atomic  energy  w 1 
serve  (if  ever)  as  a commercial  source 
of  heat  and  power.  Plutonium  would 
be  a byproduct,  but  might  under  cer 
tain  conditions  add  to  the  energy  yle 
of  the  pile  without  the  need  to  sepa- 
rate it  from  the  uranium. 

The  use  of  normal  uranium  m 
Hanford  pile  sounds  extremely  attrac- 
tive as  a heat  source,  but  has  ce  ai 
economic  disabilities.  Only  « 
part  of  the  U-235  is  used  up  before 
the  pile  must  be  shut  down  to 
the  plutonium. 
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THE  HIGH-POWER  ATOMS 


Isolating  U-235  — a Gigantic  Task 


FOUR  WAYS  TO  SEPARATE  U235  FROM  U238 


. Thermal 
' Diffusion  Method 


Gaseous  Diffusion 


» UUOUUUJ  i/ll 

*-  Through  Barriers 


3 Centrifugal 


^ Electro-Magnetic 


Low  pressure 


Porous 

barrier 


Stream  of 
charged 
uranium 
particles  - 


Fluid  uranium  circulates, 
tends  to  concentrate  lighter 
U235  ot  top. 


Liahter  U235  gas  passes  Whan  mixture  of  gosified  U235 


In  strong  field  of  giant  magnet  lighter 
UE35  particles  ore  deflected  more  than 
U238.  Half  way  round,  splitter  separates 
two  streams.  


Many  of  the  uranium  ores,  including 
most  samples  of  pitchblende  and  car- 
notite,  will  yield  from  I to  15'.<  me- 
tallic uranium.  Chemical  separation  of 
the  metallic  “natural”  uranium  is  sim- 
ple. Whatever  the  source,  natural  ura- 
nium contains  the  three  isotopes  in  the 
constant  proportions  of  99.  3%  U-238 
and  0.7%  U-235,  with  traces  of  U-234. 


Separating  the  U-235  from  U-238, 
an  operation  essential  for  explosive 
uses  of  U-235,  and  probably  important 
for  future  commercial  controlled-chain 
piles,  has  been  most  difficult.  Chem- 
ical separation  was  impossible  because 
U-235  and  U-238  are  chemically  the 
same. 

The  only  possibility  was  a separa- 


tion by  physical  differences,  primarily 
a one  percent  difference  in  weight.  The 
porous  barrier  and  centrifugal  meth- 
ods pictured  above  required  vaporiz- 
ing a salt  of  uranium.  All  the  methods 
shown  have  been  used  or  tried  on  the 
Manhattan  Project.  All  require  many 
stages  to  achieve  a substantial  concen- 
tration of  Uranium  .235. 


Dollarwise  Thoughts 

Costs  mean  little  in  war,  but  peace- 
time uses  of  U-235  and  plutonium 
must  pass  the  dollar  test  in  competi- 
tion with  coal,  fuel  oil,  natural  gas, 
gasoline  and  electricity. 

On  the  basis  of  energy  costs  only, 
“all  other  things  being  equal,”  the 
table  on  the  last  page  of  this  section 
shows  at  what  price  per  pound  U-235 
would  give  the  same  energy  cost  as 
conventional  energy  sources  selling  at 
the  indicated  prices.  For  such  com- 
parisons it  is  convenient  to  remember 
that  one  pound  of  U-235  is  equal  (en- 
ergy-wise) to  about  11,400,000  kilo- 
watt-hours, also  to  1500  tons  of  coal, 
or  200,000  gallons  of  gasoline. 

Fuel  engineers  understand  the  limi- 
tations of  such  oversimplified  compar- 
isons. Others  should  be  warned  that 
“all  other  things”  are  never  equal. 


on  Atomic  Energy 

With  this  thought  in  mind,  reconsider 
the  uranium  piles  operated  at  Han- 
ford to  produce  plutonium.  These  use 
U-235  in  the  cheapest  form,  say  about 
81400  per  lb.,  assuming  purified  nor- 
mal uranium  at  $10  per  lb.  (140  lb. 
of  uranium  contains  one  pound  of 
U-235. 1 

If  this  were  the  whole  story,  coal 
would  have  to  sell  for  a dollar  a ton 
to  break  even  with  U-235  as  a water 
heater.  However,  the  pile  using  nor- 
mal uranium  must  be  immense  to  hold 
its  own  in  a chain  reaction.  More  im- 
portant, the  accumulating  fission  prod- 
ucts “poison”  the  reaction  after  only  a 
small  part  of  the  U-235  has  been  used 
up  Then  the  uranium  cylinders  must 
be  removed  for  plutonium  recovery. 
Finally,  it  has  not  yet  been  found  pos- 
sible to  operate  the  normal-uranium 


piles  at  high  enough  temperatures  for 
practical  power  production. 

If  we  go  to  the  other  extreme  and 
build  a small  pile,  using  concentrated 
U-235,  we  shall  run  into  excessive  ma- 
terial costs,  perhaps  several  times  the 
852,000  per  lb.  set  down  in  the  table 
as  the  equivalent  of  20-cent  gasoline. 

Something  betw  een  the  two  extremes 
is  likely  to  prove  the  most  economical 
-perhaps  a pile  operating  on  a U-235 
concentration  between  1 and  10%. 

The  engineer  of  the  “atomic-power 
age”  must  know  the  price  of  Uranium 
235  in  various  concentrations  and  the 
characteristics  of  piles  suited  to  them. 
No  such  information  is  yet  available. 
He  must  also  watch  the  danger  from 
radio-activity;  the  requirements  for 
radiation  shields;  explosion  hazards. 

CONTINUED  ON  NEXT  PACE 
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WHAT  TO  EXPECT , 

\ 


CLAIMS  LIKE  THESE  ARE  NOT  JUSTIFIED 

1.  Pretty  soon  no  more  coal  will  be  mined  except  as  a 
raw  material  for  chemical  manufacture. 

2.  In  a few  years  a tiny  bit  of  uranium,  built  in  at  the 
factory,  will  drive  your  car  for  life  through  an  engine  no 
bigger  than  your  fist. 

3.  All  the  big  central  stations  will  soon  be  running  on 
atomic  power. 

4.  Cheap  atomic  energy  will  enormously  reduce  the 
price  of  power. 


Before  discussion  of  possible  and 
probable  future  applications  of  atomic 
energy  to  the  arts  of  peace,  the  atomic 
bombs  should  have  consideration.  We 
may  assume  that  these  bombs  con- 
tained from  two  to  200  lb.  of  either 
U-235  or  plutonium,  or  both.  No  more 
precise  information  is  available. 

Details  of  the  bomb  design  have 
been  completely  suppressed,  but  the 
following  basic  considerations  are 
stated  or  implied  in  the  Smyth  Report : 

The  explosive  in  a bomb  must  be 
highly  concentrated  U-235  or  pluto- 
nium. Since  slow  neutrons  could  not 
produce  a satisfactory  explosion,  the 
neutron  retarder  or  moderator,  is  min- 
imized. This,  in  tum,  requires  a U-235 
mass  so  large  that  the  escape  of  neu- 
trons without  hitting  nuclei  will  not  be 
excessive.  For  every  1000  atoms  hit, 
the  neutrons  produced  must  split  more 
than  1000  new  atoms,  so  that  the  re- 
action will  proceed  rapidly  in  an  ex- 
panding chain,  as  sketched  below. 

There  can  be  little  leeway  in  the 
size  of  the  explosive  charge.  For  a 
given  shape  there  is  a certain  “criti- 
cal” weight  of  material.  If  this  is  ex- 
ceeded the  bomb  explodes  instantly.  If 
the  weight  of  charge  is  less  than  the 
critical,  it  cannot  be  made  to  explode. 

Therefore,  the  critical  mass  must  be 
created  at  the  moment  of  explosion. 

The  Smyth  Report  suggests  that  this 
can  be  accomplished  by  breaking  down 
the  charge  into  two  or  more  well-sep- 
arated parts,  each  having  less  than  the 


critical  mass.  At  the  appointed  mo- 
ment these  could  be  brought  together 
within  the  bomb  to  create  a super- 
critical mass,  which  would  then  ex- 
plode automatically. 

Peacetime  Applications 

Except  possibly  for  superblasting 
operations,  uncontrolled  explosive  re- 
actions cannot  be  permitted  in  the 
peacetime  use  of  atomic  energy.  This 
means  that  the  quantity  of  U-235  as- 
sembled in  any  one  spot  must  always 
be  kept  well  below  the  critical  weight 
to  avoid  spontaneous  explosion. 

Depending  on  the  particular  appli- 
cation, the  most  desirable  concentra- 
tion of  U-235  may  range  anywhere 
from  the  0.7%  in  normal  uranium  up 
to  100%,  with  the  probability  that 


many  industrial  applications  will  6od  . 
the  greatest  economy  in  concentration! 
between  1%  and  15%. 

This  matter  of  the  degree  of  con- 
centration of  U-235  has  received  link 
public  attention,  yet  nothing  could  be 
of  greater  practical  importance.  To 
make  this  point  clear,  consider  the  t*o  I 
extremes,  0.7%  of  U-235  and  100%  of  | 
U-235,  respectively. 

The  Hanford  pile,  using  normal  uri- 
nium  (0.7%  U-235)  with  carbon  mod- 
erator, must  be  very  large  to  work  it  ( 
all.  It  is  inefficient  in  the  sense  that  it 
must  be  shut  down  after  a small  part 
of  the  U-235  has  been  consumed.  It 
cannot  operate  at  high  temperature- 

Its  great  advantage  as  a heat  pro- 
ducer is  the  fact  that  its  U-235  is 
bought  at  the  lowest  possible  price-  If 


PRINCIPLE  OF  ATOMIC  EXPLOSION 
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FROM  ATOMIC  ENERGY 


. . . BUT  REMEMBER  THESE  FACTS 

1.  The  large-scale,  controlled  release  of  heat  energy 
from  U-235  has  been  fully  demonstrated. 

2.  Beyond  question,  this  energy  could  be  applied  di- 
rectly for  heating  water  and  air,  and  making  steam. 

\ 7 3.  Such  heat,  in  turn,  could  be  applied  directly,  or  con- 
certed into  mechanical  power  or  electricity  by  conven- 
tional  steam  turbines  and  gas  turbines. 

/' 4.  If  and  when  U-235  in  concentrations  up  to  10%  costs 
leas  than  $25,000  per  lb.,  it  may  find  applications,  but  will 
I compete,  at  first,  with  premium  fuels  rather  than  coal. 


shown  for  the  gas  turbine  would,  of 
course,  have  to  operate  at  tempera- 
tures up  to  1200  F.  There  seems  to  be 
no  basic  reason  why  the  pile  itself 
could  not  be  built  •inside  the  com- 
pressed-air receiver,  discharging  its 
heat  directly  to  the  compressed  air. 

With  rather  high  concentration  of 
U-235,  this  arrangement  might  he  suit- 
able for  large  airplane  drive  if  exces- 
sive weight  of  radiation  shields  could 
be  avoided. 

Also,  presumably,  rockets  and  planes 
of  the  “buzzbomb”  type  could  be  pow- 
ered by  atomic  heat  delivered  to  the 
air  of  the  jet  steadily,  not  in  puffs. 

The  sketches  stress  direct  applica- 


purified  normal  uranium  sells  for,  say, 
$10.00  per  lb.,  the  price  of  140  lb.  (con- 
taining one  lb.  of  U-235)  will  be  only 
$1400.  This  would  be  a very  favorable 
price  if  the  pile  could  operate  efficient- 
ly with  the  0.7%  U-235. 

Concentrating  the  U-235  to  100% 
would  permit  a much  more  compact 
and  convenient  pile  — perhaps  little 
more  than  small  pieces  of  U-235,  en- 
cased in  aluminum  to  ward  off  corro- 
sion, and  immersed  in  a tank  of  water ; 
this  should  convert  the  water  into 
steam  at  a regulated  rate. 

In  large  part,  the  control  would  be 
inherent.  The  water  as  a moderator 
would  keep  the  chain  going,  but  if  the 
reaction  got  too  violent,  the  result- 
ing higher  superheating  of  the  steam 
would  decrease  the  moderator  effect 
and  thereby  hold  the  reaction  in  check. 
Yet  even  if  all  this  comes  true  the  cost 
of  concentrated  U-235  in  the  near  fu- 
ture will  he  many  times  $10,000  per  lb. 

Running  up  the  concentration  only  a 
few  percent  above  that  in  normal  ura- 
nium may  prove  to  be  the  way  to  get 
reasonable  pile  size  and  good  effi- 
ciency without  incurring  exorbitant 
concentration  costs. 

When  atomic  energy  is  applied,  the 
starting  point  is  heat,  picked  up  by 
water,  air  or  a special  heat-transfer 
fluid.  Intermediate  heat  transfer  fluids 
may  be  essential  in  certain  applica- 
tions (space  heating  and  service  water, 
for  example)  where  people  must  be 
protected  from  injury  by  radioactivity. 
The  intermediate  heat-transfer  fluid 


HOW  ATOMIC  ENERGY  COULD  BE  APPLIED 
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Direct  or  indirect  (os  here)  delivery  of  otom.c  pileb  heat  to  air  heater  at 
temperature  above  I000F  could  operate  gas  turbine 
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THESE  THINGS 
MIGHT  RESTRICT  USE 
OF  ATOMIC  ENERGY 

1.  Ineffectiveness  of  large 
piles  using  normal  U-235  con- 
centration 

2.  High  cost  of  concentrated 
U-235  for  smaller,  more  effec- 
tive piles  - 

3.  Danger  from  radioactivity 

4.  Weight  and  cost  of  shield- 
ing against  radiation 

5.  Explosion  hazard 

6.  Possible  short  supply  of 
uranium 

7.  Governmental  restrictions 
on  atomic-energy  materials 


tions  of  hot  air,  steam  and  hot  water 
to  process  and  space  heating.  This  em- 
phasis is  justified  by  the  often  over- 
looked fact  that  such  applications  of 
heat  have  many  times  the  total  energy 
value  of  all  the  electricity  generated  in 
the  United  States  for  all  purposes. 

There  has  been  much  popular  spec- 
ulation regarding  the  type  of  engines 
required  for  atomic-power  generation. 
The  answer  is  simple.  Present  engines, 
steam  turbines  and  gas  turbines  can 
be  used  with  little  or  no  change.  This, 
of  course,  does  not  rule  out  the  pos- 
sible discovery  of  specialized  engines 
for  atomic  power,  or  even  direct  pro- 
duction of  electricity  from  atomic 
energy. 

In  the  long  run  the  implications  of 
atomic  power  are  staggering  for  both 
war  and  peace.  However,  popular  writ- 
ers on  the  subject  have  undoubtedly 
created  unreasonable  hopes  in  the 
minds  of  readers  — for  example,  the 
expectation  that  in  two  or  three  years 
the  Detroit  builders  will  market  cars 
with  built-in  “lifetime”  slugs  of  U-235 
and  “fist-sized”  engines. 

Yet  it  seems  fairly  safe  to  predict 
that  atomic  energy  will  find  some  com- 
mercial applications  within  the  next 
five  or  ten  years,  first,  probably,  as  a 
premium  fuel  like  aviation  gasoline, 
worth  a fancy  price  for  specialized  ap- 
plications where  low  weight  or  some 
other  characteristic  is  important 

As  the  cost  of  concentrating  U-235 
is  reduced  and  application  efficiencies 
improved,  atomic  energy  may  compete 
with  cheaper  fuels,  perhaps  ultimately 
with  coal. 


Important  non-power  applications  of 
atomic  energy  may  well  include  the 
ultra-high-temperature  processing  and 
fabricating  of  materials— also, modem 
“alchemy”:  building  and  rebuilding 
atoms  to  create  new  elements  and  to 
produce  old  elements  at  lower  costs. 

Radioactivity  obtained  directly  or 
indirectly  from  artificial  atom-splitting 
should  find  many  important  medical 
and  industrial  applications. 

Turning  back  to  ordinary  power  ap- 
plications, we  must  avoid  the  tempta- 
tion to  overstress  the  economic  impor- 
tance of  lower-cost  power  fuel.  Fuel 
cost  is  only  about  17%  of  the  gross 
receipts  of  the  electric  utilities.  Here’s 
another  way  to  put  it:  If,  after  allow- 
ing for  transmission  losses,  one  kilo- 
watt-hour delivered  to  the  consumer 
from  modem  plants  represents  a coal 
consumption  of  1.5  lb.,  and  if  the  coal 
costs  $5.00  per  ton  cancellation  of  the 
coal  bill  could  not  save  more  than  % 
of  a cent  per  killowatt-hour.  And 


atomic  fuel  will  certainly  not  be  free. 

Performance  of  the  atomic  bomb  is 
a monument  to  the  scientists  who  un- 
locked the  secrets  of  the  atom  and  sug- 
gested the  basic  technique  of  making 
plutonium  and  concentrating  U-235. 

From  there  on,  the  job  was  at  least 
50%  engineering.  The  various  big 
plants  of  the  Manhattan  Project  arr 
vast  assemblages  of  pipes,  tanks,  boil- 
ers, valves,  instruments  and  controls, 
installed  and  operated  by  engineer, 
largely  designed  by  engineers.  From 
now  on,  the  speed  with  which  atomir 
power  becomes  practical  will  depend 
on  the  effectiveness  of  the  engineer-  | 
scientist  team. 

It  is  possible,  of  course,  that  na 
tional  controls  may  completely  upset 
the  entire  technical  and  economic  pat 
tern  of  this  discussion.  For  reasons  of 
national  security  the  government  ma; 
decide  to  control  or  restrict  atomic- 
power  materials,  plants  and  opera- 
tions in  ways  not  yet  determined. 


U-235  COULD  COMPETE  AT  THESE  PRICES 

other  things  being  equal 


Common  fuel 

Comparable  prices  for 
Uranium  235,  dollars  per 
Assumed  prices  pound  (nearest  thousand) 

COAL 

$6  per  ton 

$9,000 

(13,000  B.t.u.) 

$12  per  ton 

$18,000 

$ 1 5 per  ton 

$23,000 

FUEL  OIL 

It  per  gal. 

$5,000 

(150,000  B.t.u.  gal.) 

At  per  gal. 

$10,000 

8*  per  gal. 

$20,000 

CITY  ©AS 

50*  per  1 000  cu.  ft. 

$39,000 

(500  B.t.u.) 

$1  per  lOOOcu.  ft. 

$78,000 

NATURAL  GAS 

25*  per  1 000  cu.  ft. 

$10,000 

(1000  B.t.u.) 

50*  per  1000  cu.  ft. 

$20,000 

$1  per  1 000  cu.  ft. 

$40,000 

GASOLINE 

10*  per  gal. 

$26,000 

(150,000  B.t.u.  gal.) 

20*  per  gal. 

$52,000 

30*  per  gal. 

$78,000 

BUT 

Note  that  “other  things”  are  never  equal.  U-235  in  normal  uranium 
form  is  by  far  the  cheapest,  but  involves  use  of  excessively  large  an 
inefficient  “piles.”  The  unit  cost  of  the  U-235  in  enriched  mixtu 
increases  with  the  degree  of  enrichment.  Over-all  cost  compariso 
can  be  made  only  for  a specified  concentration  of  U-235  and  or  ap- 
paratus suitable  for  that  particular  concentration.  Possible 
danger  and  need  to  protect  personnel  against  radiation  are  o 
important  considerations. 
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LABOR  and  MANAGEMENT  MEET  - 
for  PEACE  or  CIVIL  WAR? 


Taa  prospect  of  a knock-down  and  drag-out  fight  in 
the  automobile  industry  does  not  augur  well  for  the 
reconversion  outlook,  which  upon  every  other  score 
is  bright  Any  widespread  outbreak  of  the  type  of  indus- 
trial warfare  which  now  threatens  will  disrupt,  more 
thoroughly  th”n  anything  else  on  the  horizon,  an  or- 
derly transition  to  a peacetime  economy. 

It  is  doubly  unfortunate  that  there  should  be  a gen- 
eral tightening  of  union  and  company  battle  lines  upon 
the  eve  of  the  Labor-Management  Conference,  which  on 
November  5th  will  convene  at  President  Truman’s  direc- 
tion for  the  purpose  of  “working  out  by  agreement  means 
to  minimi™  labor  disputes.”  If  the  current  work  stop- 
pages occasioned  by  industrial  conflicts  should  increase 
rather  than  diminish  between  now  and  November  first, 
the  Conference  atmosphere  hardly  promises  to  be  favor- 
able to  a dispussirniate  examination  of  basic  issues. 

Yet  the  shadow  of  the  threatened  industrial  storm  that 
hnnp.  over  the  Conference  only  serves  to  emphasize  the 
importance  of  reaching  satisfactory  agreement  upon  two 
problems  with  which  such  a Conference  might  deal.  The 

first  is  that  of  determining  what  machinery  shall  be  used 

for  settling  disputes  upon  which  employers  and  workers 
have  reached  an  impasse.  The  second,  and  more  far- 
reaching,  is  that  of  arriving  at  some  common  under- 
standing upon  file  major  issues  which  commonly  lead  to 
irreconcilable  disputes. 

Settlement  of  Wartime  Disputes  by  the 
War  Labor  Board 

During  the  war  the  first  problem  was  handled  largely 
by  machinery  centered  in  the  National  War  Labor  Board. 
Supported  by  general  adherence  to  patriotic  pledges  by 
labor  leaders  and  employers  not  to  resort  to  the  use  o 
economic  force  against  each  other  during  wartime,  and 
backed  up  on  ^occasion  by  use  of  the  President’, 
power  to  seize  plants  for  war  purposes  when  its  ort™* 
were  not  obeyed,  the  Board  managed,  by  what  amounted 
to  compulsory  arbitration,  to  settle  the  nation  s wartime 
labor  disputes  with  relatively  little  economic  loss. 

But  it  can  scarcely  be  claimed  that  the  War  Lab01- 
Board  did  much  to  resolve  the  issues  from  which  dis- 
putes grow.  Indeed,  the  fact  that  it  was  available  to  teue 
orders  in  cases  which  the  Secretary  of  Labor  certified  as 
likely  to  “lead  to  interference  with  the  war 


effort”,  resulted  In  the  conversion  Into  full  fledged  dis- 
putes of  many  disagreements  which  would  otherwise  have 
been  settled  at  a local  level  in  the  course  of  collective  bar- 
gaining. Meanwhile,  local  collective  bargaining  machinery 
which  should  have  been  doing  most  of  this  work  was 
neglected,  and  will  need  thorough  reconditioning  even  to 
be  brought  back  to  its  prewar  level  of  effectiveness. 

With  V-J  Day  came  an  abrupt  change  In  the  status  of 
the  War  Labor  Board.  One  of  its  main  props,  labor’s  “no 
strike  pledge",  was  promptly  withdrawn.  It  could  no 
longer  rely  on  the  President  to  use  his  power  to  seize 
plants  for  war  purposes  to  force  obedience  to  its  orders. 
Consequently  the  Board  agreed  that  it  would  accept  new 
cases  only  if  both  parties  to  the  dispute  stipulated  In  ad- 
vance that  they  would  abide  by  the  Board’s  findings,  that 
it  would  dear  its  dockets  of  old  cases  as  rapidly  as  pos- 
sible, and  that  it  would  then  go  out  of  business,  leaving 
to  the  Labor-Management  Conference  the  question  of 
what  should  take  its  place  in.  the  postwar  period. 


What  Shall  Take  the  War  Labor  Board’s  Place? 


The  immediate  and  pressing  task  of  the  Labor-Man- 
agement Conference  Is  to  agree  upon  machinery  for  set- 
tling industrial  disputes  in  the  peacetime  economy. 

Neither  management  nor  labor  wants  the  continuation 
of  compulsory  arbitration  to  which  they  submitted  as  a 
necessary  war  measure.  But  it  must  be  dear  to  everyone 
that  if  any  substantial  proportion  of  the  disputes  that 
inevitably  arise  are  settled  by  resort  to  strikes  and  lock- 
outs, economic  anarchy  will  result.  Not  only  will  it  he 
impossible  to  achieve  the  high  levels  of  output  and  em- 
ployment that  have  been  set  as  postwar  goals,  but  it  is 
questionable  whether  our  economy  could  survive.  The 
only  alternative  to  compulsory  arbitration  under  gov- 
ernment auspices  is  for  management  and  labor  to  demon- 
strate their  ability  to  effect  a peaceable  resolution  of  their 


iifferences  without  it 

The  most  obvious  need  is  to  set  up  local  machinery  at 
he  grass  roots  where  disputes  originate.  That  is  where 
aost  of  them  should  be  settled  by  local  negotiation  and, 
rtien  that  fails,  through  voluntary  submission  to  media- 
ion  or  arbitration  under  terms  of  reference  to  which  the 
«rties  agree.  Many  issues,  which  at  plant  level  are  rela- 
ively  simple  in  character,  are  blown  up  to  formidable 
Lesion  and  complexity  when  they  are  passed  along 
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the  lima  for  decision  in  Washington.  The  centralizing  proc- 
ess is  one  that  frightens  everyone  connected  with  it  be- 
cause it  focuses  attention  upon  the  possible  importance  of 
precedents  established  by  a decision,  rather  than  upon 
resolving  satisfactorily  the  particular  dispute  at  hand. 

Unquestionably,  some  Federal  machinery  must  be  pro- 
vided which  may  be  called  upon  in  cases  where  the  size 
or  implications  of  a threatened  dispute  clearly  run  be- 
yond local  jurisdiction.  That  will  mean  the  thorough 
revamping  of  conciliation  and  mediation  machinery  which 
exists,  but  which  has  grown  rusty  through  disuse  while 
compulsory  arbitration  was  the  order  of  the  day. 

At  least,  this  involves  a complete  overhauling  of  the 
United  States  Conciliation  Service  with  a noteworthy 
strengthening  of  its  personnel.  There  may  be  wisdom 
also  in  recently  advanced  suggestions  for  the  creation  of 
a board  of  arbitration  to  act  in  cases  voluntarily  sub- 
mitted by  the  parties  concerned,  and  for  boards  of  in- 
quiry to  make  reports  upon  the  merits  of  disputes  in 
which  the  public  interest  is  concerned.  But  there  is  valid 
ground  for  questioning  what  appears  to  be  the  common 
assumption  that  such  machinery  should  be  located  in  the 
Department  of  Labor.  It  belongs  neither  there  nor  in  the 
Department  of  Commerce.  For  the  work  which  such 
agencies  are  called  upon  to  perform,  both  the  appearance 
and  fact  of  complete  impartiality  are  essential  to  effec- 
tive performance.  Assurance  of  impartiality  will  not  be 
fostered  by  placing  them  in  a department  specifically 
charged  by  Congress  with  the  task  of  advancing  the  in- 
terests of  wage  workers. 

Besolving  the  Issues  Over  Which  Disputes  Arise 

It  may  be,  as  many  think,  that  the  forthcoming  Labor- 
Management  Conference  cannot  effectively  handle  any 
problems  beyond  the  procedural  ones  suggested  above. 
If  that  is  true,  its  agenda  probably  should  be  restricted 
to  planning  the  reconstitution  of  collective-bargaining 
mid  dispute-settlement  machinery,  in  view  of  the  urgent 
need  for  putting  it  in  working  order. 

But  either  in  this  Conference,  or  in  subsequent  ones, 
there  will  have  to  be  an  attempt  to  reach  a reasonable 
measure  of  labor-management  accord  upon  certain  bade 
issues  over  which  most  industrial  disputes  originate.  The 
best  of  machinery  can  be  swamped  if  disputes  are  gen- 
erated in  ever-increasing  number. 

Most  important  of  such  issues  is  that  of  the  fair  deter- 
mination of  wages-There  is  clear  need  for  reaching  agree- 
ments at  least  upon  the  major  factors  on  which  such  de- 
termination should  rest  It  seems  evident  that  if  we  are 
ever  to  hope  to  reach  the  high  levels  set  and  generally 
accepted  as  postwar  goals,  we  must  harness  economic 
incentives  to  promote  production  efficiency.  That  means 
that  workers;  as  well  as  management,  must  be  given  a 
genuine  stake  in  increased  productivity.  No  universal 
formula  is  possible,  but  we  should  be  aide  to  agree  upon 
general  principles  for  dividing  returns  derived  from  im- 
proved performance  in  output  between  workers  and  in- 
vestors, and  consumers  in  the  form  of  lowered  prices. 

Again,  since  unionism  is  here  to  stay,  general  accept- 

TRISISTHK 


ance  by  management  of  the  principle  of  collective  bar-  ' 
gaining  would  save  innumerable  disputes  which  are  con- 
cerned more  with  the  method  of  negotiation  than  with 
the  concession  sought.  Few  in  management  still  ques- 
tion the  validity  of  the  collective  bargaining  process  is 
such,  but  there  are  many  matters  to  be  resolved  of  which 
the  question  of  the  open  shop,  the  union  shop,  or  the 
closed  shop  is  merely  a conspicuous  example,  upon  which 
there  is  wide  divergence  of  conviction  between  and  with-  . 
in  labor  and  management  groups.  1 

On  the  management  side,  there  is  sincere  concern  about  ( 
the  intent  or  ability  of  union  leaders  to  exercise  respon- 
sible control  that  assures  compliance  with  contracture!  j 
obligations.  Wild-cat  strikes  are  of  sufficiently  freipnt  j 
occurrence  to  give  substance  to  this  distrust,  and  unioe  1 
discipline  seldom  has  been  administered  in  a decisive  or 
effective  fashion.  The  prospective  rivalry  of  three  com-  1 
peting  labor  organizations  of  national  scope  gives  man-  ~ 
agement  little  confidence  that  a bargain  made  and  kept 
in  good  faith  with  any  one  of  them  provides  assume  a 
against  work  stoppages. 

All  of  these  matters,  and  many  others,  need  thrashicj 
out  between  management  and  labor,  with  the  view  oi 
arriving  at  as  large  a measure  of  specific  and  detailed 
agreement  as  can  be  achieved.  The  greater  the  am  of 
such  agreement,  the  smaller  will  be  the  area  for  disputes 
that  must  be  handled  by  settlement  machinery,  or  put  to 
the  final  test  of  force. 

Peace  or  Civil  War  in  Industry 

The  Labor-Management  Conference  is  of  major  im- 
portance to  national  welfare.  It  is  important  even  if  it 
restricts  its  objectives  to  the  procedural  problem  of  ho* 
industrial  disputes  are  to  be  handled. 

It  can  make  an  even  larger  contribution  if  it  lays  the  , 
groundwork  for  an  attempt  to  reach  working  agreement!  ' 
upon  such  policy  issues  as  have  been  cited  above. 

Neither  management  nor  labor  can  afford  to  lend  any- 
thing less  than  their  best  intelligence  and  effort  to  an 
attempt  to  arrive  at  common  understanding.  Success  will 
mean  that  we  have  a genuine  chance  of  reaching  new 
levels  of  economic  well-being.  Failure  will  mean  mdus- 
trial  civil  war,  in  which  the  casualties  will  he  high  Ore 
almost  certain  casualty  of  such  a war  will  be  the  prin- 
ciple of  collective  bargaining,  since  the  Government  can 
scarcely  refrain  from  establishing  compulsory  arbitra- 
tion if  sufficient  breakdown  occurs. 

It  is  to  the  vital  interest  of  both  management  and 
labor  to  demonstrate  that  they  can  responsibly  cent™ 
themselves. 
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THE  GERMAN  ECONOMIC  PEACE 
HARD,  SOFT. . . or  WORKARLE? 


IT  is  not  surprising  that  difficulties  are  being  encoun- 
tered in  spelling  out  the  detailed  terms  of  the  German 
economic  settlement 

The  problem  is  exceedingly  complex.  The  German 
economy  is  more  or  less  inextricably  bound  up  with  the 
economy  of  continental  Europe.  Before  the  war  that  area 
—excluding  the  United  Kingdom,  Ireland  and  Russia- 
accounted  for  approximately  one-fourth  of  the  world  s 
production,  and  for  more  than  thirty-five  per  cent  of 
world  import  and  export  trade.  Germany  s production 
constituted  almost  one-third  of  the  output  of  contaental 
Europe.  It  is  obvious  that  the  decisions  we  make  now 
concerning  the  future  German  economy  will  exert  pro 
found  influence  not  only  upon  the  economy  of  Europe 
but  also  upon  that  of  the  world.  It  is  clearly  not  Pr“ 
ticable  to  plan  for  an  expanding  world  economy  unless 
provision  is  made  for  Europe  generally  to  share  in  the 

development  . , , , 

Despite  the  magnitude  and  complexity  of  the  Probb®“ 
invoked,  it  is  crucial  that  we  and  our  Allies  come  to  swfft 
and  derisive  agreement  Such  agreement  is  ^rtant 
both  to  world  economic  reconstruction,  and  as  ate-on 
stration  that  those  who  won  the  war  can  reach  accord  on 
the  terms  of  world  economic  rehabilitation. 

We  shall  accomplish  little  if  we  contoue  to  debate  to 

terms  of  adjectives.  Yet  most  of  the  public  omic 

date  has  centered  around  whether  or  not 
settlement  with  Germany  should  be  hard  or  so^.  To  make 
progress  we  must  focus  instead  upon  o )e • ^ ^ 

program  is  one  that  will  promote  our  objectives -a  baa 
program  is  one  that  will  not. 

What  Are  We  Trying  To  Accomplish? 

Upon  the  economic  objectives  of  the  < 
settlement  there  is  little  fundamental  debate.^  * 
demonstrated  by  reference  to  a number  o.  neral 

recent  release— the  United  States  Dm  Tripartite 

Eisenhower  of  April  1945,  the  ^port  of  the  Tripartita 

Conference  at  Berlin  of  July,  the  Report  o , „ 

Advisors  to  the  Office  of  Military  Government  of  Sep_ 
tember.  The  latter  document  stresses  fundamentaltom 

cutties  in  developing  a practical  ' Ses- 

out  the  objectives  of  the  other  two,  but  it  does  not  ques 

tion  their  formulation  of  aims. 

What  are  the  objectives  that  we  are  seeking  to  forwar  . 

1.  The  disarmament  of  Germany. 

2.  The  elimination  of  German  industries  devoted  pri- 
marily to  armament  production.  , 

3.  The  assessment  of  reparations  to  c°mpenatte 
nations  which  have  suffered  losses  from  German  ag 


gression  through  direct  war  destruction  and  through 
the  German  policy  of  confiscating  industrial  equip- 
ment to  her  own  use. 

How  Far  Are  We  Agreed  on  Procedure? 

There  is  also  a wide  measure  of  agreement  upon  de- 
tailed procedure  for  carrying  out  these  objectives.  No 
one,  of  course,  questions  the  policy  of 
German  arms.  Equally,  there  is  agreement  that  German 
industry  devoted  directly  to  the  production  of  war  equip- 
ment should  be  confiscated  or  destroyed,  and  that  con- 
trol measures  should  be  instituted  and  sustained  to 
prevent  her  from  reconstituting  such  industries  m the 
future.  Since  it  is  not  practicable  to  P^ve“tJ??:raf?, 
duction  and  shipbuilding  from  bemg 
use,  these  industries  are  included m the 
gory.  And  similar  reasoning  generally  extends  the  list 
of  prohibited  industries  to  ball  bearings  and  abrasives. 

There  is  an  additional  category  of  German  production 
which  all  of  the  Allied  powers  agree  should  be  uprooted 
and  permanently  barred.  It  embraces  all  economic  activ- 
ity which  prewar  Germany  cultivated  on  an  unecononuc 
bLis  through  subsidy  and  other  protection  for  the  prime 
purpose  of  developing  a self-sustaining  economy  to  sup- 
port aggressive  war. 

The  major  elements  in  this  category  are  not  difficult 
to  define.  A great  German  industry  for  the  synthetic  pro- 
duction of  gasoline  and  other  oil  products  from  coal  never 
Sted upon  an  economic  basis.  The  cost  of  such  fuel 
products  toprewar  Germany  averaged  almost  four  times 
would  have  cost  her  to  buy  petroleum  products 

to^tiie^  world  market  It  is  doubtful  whether  to^epteta 

™,,ld  be  operated  postwar  at  a cost  much  below  three 
times  the  wrld  market  price  for  competing  petroleum 

theticrubber  ata  ^U^doUotec^  Qr  otherwise 

three  to  four  times  the  world  market  price. 

“ rs- 

other  than  jhat  PJ^itoation  is  clearly  indicated,  and 
Sy  SnS  to,  though  the  job  of  defining  a com- 
plete list  is  far  from  easy. 
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What  Is  The  Area  of  Dispute? 

Unfortunately,  this  total  catalogue  of  agreed-upon 
measures  is  not  sufficient  -to  provide  either  adequate 
security  against  a resurgence  of  German  militarism  or 
satisfactory  restitution*to  her  European  neighbors  for 
Germany’s  ruthless  destruction  of  their  industrial  plant 
and  equipment  To  serve  these  two  ends  it  is  necessary 
to  cut  down  the  margin  of  German  dominance  in  heavy 
industry— in  steel,  in  electric  power,  in  machine  tools, 
and  other  industrial  equipment  Unless  such  steps  are 
taken,  Germany  will  emerge  from  the  war  with  sufficient 
industrial  power  to  provide  a continuing  and  perhaps 
uncontrollable  military  threat;  and  we  should  be  per- 
petuating a dominance  that  was  developed,  as  a matter 
of  German  strategy,  far  beyond  the  requirements  of  her 
civilian  domestic  markets  or  the  export  potentials  of 
normal  trade. 

German  steel  capacity  was  built  to  a wartime  peak  of 
twenty-four  million  tons  a year.  Before  the  war  she  had 
accumulated  a store  of  machine  tools  greater  than  that 
of  the  United  States,  and  her  present  stock  of  some  four 
or  five  million  tons  of  such  tools  is  second  only  to  ours. 
There  is  little  debate  over  the  necessity  and  justice  of 
cutting  down  the  margin  of  German  dominance  in  heavy 
industry,  particularly  since  it  was  built  to  its  current 
levels  through  aggressive  economic  warfare  to  serve  as 
an  instrument  of  actual  warfare.  It  is  recognized,  too, 
that  in  this  sector  of  the  German  economy  will  be  found 
the  most  useful  reparations  in  kind  for  the  countries 
damaged  by  German  aggression. 

The  question  is  how  much  heavy  industry  and  electric 
power  equipment  should  be  taken  from  Germany  and 
transferred  to  others.  The  Russians,  having  experienced 
colossal  war  damage,  are  demanding  very  severe  assess- 
ments. They  talk  of  reducing  postwar  German  steel 
capacity  to  three  million  tons  annually. 

The  United  States  inclines  to  assessments  in  this  field 
of  less  extreme  dimension— we  have  suggested  leaving 
in  Germany  an  annual  steel  capacity  of  from  seven  to 
ten  million  tons.  We  naturally  are  concerned  lest  action 
be  taken  that  will  cause  a complete  breakdown  of  the 
German  economy.  If  this  should  happen  while  we  main- 
tain occupational  forces  there,  we  should  feel  responsible 
for  seeing  that  the  Germans  within  our  jurisdiction  are 
provided  with  at  least  the  means  for  subsistence.  Further- 
more, both  we  and  the  British  know  that  in  the  long  run 
our  peoples  will  not  support  control  measures  over  Ger- 
many which  go  beyond  our  concepts  of  reasonable  fair- 
ness consistent  with  security  requirements. 

It  is  no  part  of  our  intention,  as  has  been  suggested 
by  some,  to  provide  for  a German  economy  that  will 
serve  as  a buffer  against  Russian  expansion.  We  know, 
however,  that  our  weakest  course  would  be  to  commit 
ourselves  now  to  continuing  control  measures  which  our 
people  would  later  repudiate  as  falling  outside  demo- 
cratic concepts  of  justice.  On  this  issue  we  cannot,  and 
should  not,  compromise. 

How  Can  We  Resolve  Our  Differences?  . 

The  best  chance  for  resolving  the  differences  which 
have  appeared  between  the  Russian  position  on  the  one 
hand  and  the  American  and  the  British  position  on  the 


other  lies  in  making  a sharper  distinction  than  has  ap- 
peared in  current  discussion  between  long-term  and 
short-term  control  decisions.  All  of  us  are  agreed  upon 
the  policy  of  wiping  out  German  military  production  and 
that  part  of  German  economic  activity  which  has  been 
run  at  economic  loss  to  provide  for  a national  self-suffi- 
ciency useful  only  for  war  purposes.  But  we  are  unwill- 
ing to  enter  into  long-term  commitments  for  holding 
x down  those  parts  of  the  German  economy  that  do  not 
constitute  a war  threat  That  would  unduly  penalize 
future  generations  of  Germans  and  drag  down  the  whole 
economy  of  continental  Europe. 

It  should  be  possible  to  reach  agreement  that  measures 
for  cutting  down  German  heavy  industries  and  power- 
generating facilities  are  immediate  measures,  and  that 
no  attempt  will  be  made  to  sustain  such  controls  over 
an  extended  period.  If  part  of  the  German  establishment 
in  these  fields  is  transferred  to  countries  whose  manu- 
facturing resources  have  been  damaged  by  German  ag- 
gression, it  can  serve  the  purpose  of  effecting  a reasonable 
balance  without  destroying  utterly  incentives  for  a new 
generation  of  Germans  to  improve  by  peaceful  methods 
their  status  in  a peacetime  world. 

Such  a program  is  consistent  with  the  concept  of  build- 
ing a healthy  and  balanced  European  economy  in  which 
general  economic  interdependence  provides  one  of  the 
essential  safeguards  against  a resurgence  of  German  mili- 
tarism. We  must  still  face  the  problem  of  agreeing  upon 
how  far  the  non-armament  segments  of  German  indus- 
try can  be  cut  back  at  the  present  juncture  without  lead- 
ing to  disastrous  breakdown  with  its  resultant  chaos. 
Such  definition,  though  formidably  difficult,  should  not 
be  beyond  the  capacities  of  the  nations  whose  combined 
might  brought  victory,  and  who  have  the  strongest  o( 
incentives  for  devising  a lasting  peace. 

The  key  to  agreement  lies  in  each  of  us  doing  his  best  1 
to  understand  the  position  of  the  other.  Russia  must 
recognize  that  we  cannot  get  our  people  to  subscribe  to 
the  permanent  repression  of  a European  economy  which 
would  deny  to  millions  of  people  any  hope  of  normal 
economic  betterment  We  should  try  to  understand 
Russia’s  conviction  that  she  is  entitled  immediately  to 
reimburse  herself  for  her  war  losses  by  drawing  upon 
the  German  industrial  establishment  that  still  exists.  It 
will  help  to  resolve  our  differences  if  we  separate  incur 
thinking  steps  that  require  permanent  controls  from 
those  which  are  merely  temporary  expedients. 

Neither  of  us  will  be  forwarding  our  ultimate  and  com- 
mon objectives  if  we  impose  controls  that  blight  the 
development  of  so  large  and  important  a segment  ot 
the  world  as  continental  Europe.  In  such  a blight  hes 
the  germ  of  a Third  World  War. 
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CONTROLLED  ATOMS 
or  CONTROLLED  LIVES 


SINCE  August  6th  when  the  first  atomic  bomb  was 
released  over  Hiroshima,  the  American  people  have 
been  subjected  to  a continuous  barrage  of  pro- 
nouncements on  the  use  and  control  of  atomic  energy. 
Some  of  this  comment  has  been  strident,  and  much  of 
it  conflicting.  A considerable  portion  of  it  has  been  of 
sincere  and  constructive  excellence. 

It  has  not  been  easy  to  separate  the  wise  counsel  from 
the  merely  noisy,  and  it  is  small  wonder  that  the  minds 
of  many  are  troubled  and  confused. 

However,  the  sheer  mass  of  discussion  poured  into 
press  and  microphone  has  awakened  us  all  to  the  gravity 
of  the  issue.  In  terms  of  any  problem  on  which  Ameri- 
cans ever  have  been  called  to  exercise  a judgment— This 
is  It' 

Even  the  dullest  now  recognizes  that  atomic  weapons 
hang  over  modern  civilization  like  the  Sword  of  Dam- 
odes,  and  understands  in  some  measure  how  fragile 
and  taut  is  the  hair  of  political  balance  that  holds  it 
suspended. 

From  this  point  on,  we  need  the  coolest  and  most 
carefully  considered  judgment  that  can  be  brought  to 
bear.  Discussion  highly  charged  with  emotionalism  will 
but  increase  the  tensions  both  at  home  and  abroad,  and 
render  wholly  insoluble  a delicately  intricate  problem. 

What  Is  The  Problem? 

The  major  outlines  of  that  problem  now  are  coming 
into  focus  in  understandable  terms: 

1.  The  scientists  have  opened  up  a new  and  virtually 
f unlimited  storehouse  of  energy,  and  the  engineers  have 
discovered  how  to  turn  it  into  a military  explosive  in- 
comparably more  powerful  than  any  we  have  known. 

, We  know  that  this  energy  may  also  be  used  to  Pr0<"ce 
heat  for  useful  power,  and  we  suspect  that  the  ra - 
active  substances  produced  by  the  process  in  hitherto 
unimagined  quantity  may  also  have  medical,  industrial, 
and  other  constructive  applications. 

2.  Terrifying  as  have  been  the  demonstrations  of  the 
atomic  bomb  thus  far,  we  know  that  they  are  as  n -h- 
ing  in  comparison  with  its  potential  destructiveness.  The 
explosive  force  of  individual  bombs  can  be  increased 
tremendously,  and  means  for  their  effective  delivery 
predetermined  targets  in  wholesale  quantity  already  are 
at  hand.  The  experts  toff  us  that  no  practicable  means 
of  interception  can  be  devised,  and  that  reprisal  in  kmd 
I probably  will  be  the  only  answer  to  an  enemy  attach 
J with  atomic  weapons.  .. 

j 3.  So  far  as  we  can  see  now,  even  successful  retalia- 
I tion  would  be  at  best  an  answer  of  hollow  effect.  Any 

two  nations  each  having  wholesale  stock-piles  of  bom 
could  accomplish  the  practical  destruction  of  each  other. 


Since  a first  treacherous  blow  might  well  constitute  an 
enormous  advantage,  a nation  actuated  by  a ruthless 
urge  to  conquest  or  revenge  might  have  the  best  chance 
of  survivaL  But  since  the  widest  possible  dispersal  of 
bombs  and  launching  units  would  be  dictated  by  the 
strategy  of  atomic  weapons,  it  is  doubtful  that  one  nation 
could  destroy  another  without  itself  suffering  destruc- 
tion. On  both  sides  the  major  centers  of  population  could 
be  wiped  out,  and  the  nation  of  least  concentrated  in- 
dustrialization and  commerce  would  suffer  least.  How- 
ever, no  one  can  be  sure  that  the  concentrated  explosion 
of  as  many  as  20  thousand  atomic  bombs  would  not 
poison  the  atmosphere  of  the  world  to  an  extent  that 
would  be  fatal  to  great  masses  of  population,  not  only 
within  the  country  bombarded,  but  perhaps  in  the  coun- 
try which  launched  them. 

4.  The  problem  is  further  complicated  because,  so 
far  as  we  know  now,  any  large-scale  commercial  use 
of  atomic  energy  as  a power  source  is  more  or  less  in- 
extricably linked  to  a potential  military  use.  It  is  true 
that,  if  atomic  power  becomes  economically  feasible 
(which  is  by  no  means  certain  for  a long  time  to  come), 
it  would  require  only  low-grade  concentrates  of  fission- 
able material,  which  would  need  further  elaborate  and 
costly  processing  before  reaching  explosive  potential. 
But  the  process  of  producing  such  low-grade  concen- 
trates constitutes  perhaps  two-thirds  of  the  industrial 
effort  required  to  make  effective  bombs.  It  follows,  then, 
that  if  nations  were  to  equip  themselves  to  produce  large 
quantities  of  low-grade  concentrates  for  power  genera- 
tion, the  effort  required  to  develop  large-scale  bomb 
production  would  be  materially  reduced.  Moreover,  the 
Tv,n,nf AT,nnrp  of  an  effective  inspection  to  police  agree- 
ments not  to  produce  bombs  might  be  forbiddingly  dif- 
ficult if  atomic  power  generation  were  allowed. 

5 In  addition  to  the  major  problem  posed  by  the  use 
of  atomic  bombs  in  international  war,  any  nation  which 
produces  or  possesses  such  bombs,  or  the  fissionable 
materials  with  which  they  are  loaded,  faces  still  an- 
other in  the  danger  of  their  falling  under  the  control 
of  paranoid  elements  in  its  own  population. 


What  Are  We  Going  To  Do  About  It? 

We  face  the  hard  fact  that  we  have  produced  a weapon 
capable  of  destroying  whole  nations-perhaps  even  the 
whole  world.  Although  we  were  importantly  aided  in 
its  development  by  the  nationals  of  other  countries,  we, 
together  with  Great  Britain  and  Canada,  now  must  teke 
the  initiative  in  deciding  what  shall  be  done  with  it. 
We  have  only  two  choices.  We  can  try  to  keep  this 
weapon  as  a monopoly  of  our  own,  or  we  can  try  to 
place  it  under  broad  international  control. 
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Can  We  Keep  It  To  Ourselves? 

If  we  know  one  certain  fact  about  the  atomic  bomb, 
it  is  that  it  cannot  long  be  held  as  a monopoly  of  those 
nations  which  produced  it 

If  Nazi  Germany  had  succeeded  in  developing  the 
weapon  first,  it  probably  would  have  attempted  to  achieve 
world  dominion,  with  utter  destruction  as  an  alternative. 
Such  a course  is  not  within  our  range  of  choice.  It  violates 
every  principle  for  which  we  stand. 

Much  reckless  nonsense  has  been  uttered  concerning 
the  inability  of  other  nations  to  master  the  scientific, 
engineering,  and  industrial  problems  involved.  It  is  the 
virtually  unanimous  opinion  of  those  who  worked  on 
the  project  that  several  nations  today  are  fully  equipped 
in  science,  engineering,  and  industrial  organization  to 
produce  atomic  bombs  and  to  provide  the  means  for 
launching  them.  At  least  one  of  these  nations,  Russia, 
has  also  access  to  an  ample  supply  of  the  necessary  raw 
materials.  The  only  debate  is  over  whether  it  would  take 
three,  or  five,  or  ten  years  for  her  to  marshal  her  re- 
sources to  produce  bombs  in  multiple  thousands.  Once 
such  an  atomic  race  were  on,  we  have  no  reason  to  be- 
lieve that  Russia  might  not  divert  more  resources  to  the 
task  than  we  ourselves  should  be  willing  to  put  into  it 

Additional  nonsense  is  talked  as  to  how  we  might 
attempt  to  cope  with  the  problem  of  living  in  a world  in 
which  mutually  suspicious  or  hostile  nations  faced  each 
other,  with  stores  of  atomic  weapons  on  both  sides.  We 
hear  talk  of  dispersing  our  cities  and  even  of  moving 
underground.  No  one  has  seriously  reckoned  the  dif- 
ficulty or  the  cost  of  following  such  counsel  of  despair. 
Still  less  has  anyone  appraised  the  neurotic  effect  upon 
men’s  minds  of  living  by  any  such  preposterous  formula, 
under  continuously  mounting  tension  day  after  day,  and 
year  after  year. 

Certainly,  if  we  could  find  no  way  to  prevent  the  com- 
petitive production  of  atomic  weapons,  we  should  be 
driven  at  least  to  the  selective  dispersion  of  our  bomb- 
launching facilities,  of  certain  key  industrial  establish- 
ments, and  of  our  centers  of  government  and  governing 
personnel  We  should  be  forced,  also,  to  change  our 
traditional  requirement  that  only  Congress  can  commit 
us  to  active  war.  We  should  be  forced  to  organize  our- 
selves as  a police  or  military  state,  with  our  scientists 
regimented  and  muzzled,  with  all  of  us  under  constant 
surveillance  against  the  smuggling  and  planting  of  time- 
bombs,  and  constantly  alerted  against  attack  through 
the  air. 

Before  we  commit  ourselves  to  any  such  intolerable 
procedure,  we  should  be  mad  not  to  explore  all  possible 
means  for  making  it  unnecessary. 

The  Only  Feasible  Alternative  Is  Effective 
International  Control 

This  cardinal  principle  has  been  recognized  in  the 
statement  of  November  15th,  issued  jointly  by  Presi- 
dent Truman,  and  Prime  Ministers  Attlee  and  King.  Their 
statement  frankly  concedes  that  against  atomic  weapons 
there  can  be  no  adequate  military  defense,  that  no  nation 
can  command  a monopoly  of  such  weapons,  that  responsi- 
bility for  eliminating  atomic  energy  as  an  instrument  of 
war  and  for  devising  safeguards  over  its  use  for  the 


advancement  of  science  and  other  peaceful  and  humani- 
tarian ends  rests  upon  the  civilized  nations  cf  the  world 

They  propose  that  a commission  be  set  up  at  once  under 
the  United  Nations  Organization  to  make  recommends-  I 
tions:  (a)  for  extending  between  all  nations  the  ex- 
change of  basic  scientific  information  for  peaceful  ends 
(b)  for  control  of  atomic  energy  to  the  extent  nec emu] 
to  ensure  its  use  only  for  peaceful  purposes,  (c)  far  the 
elimination  from  national  armaments  of  atomic  weeposi 
and  of  all  other  major  weapons  adaptable  to  mass  de- 
struction, and  (d)  for  effective  safeguards  by  way  of 
inspection  and  other  means  to  protect  complying  stake 
against  the  hazards  of  violations  and  evasions. 

Already  criticism  is  leveled  at  the  wording  cf  the 
statement,  at  alleged  omissions,  at  the  wisdom  of  choos- 
ing the  United  Nations  Organization  as  the  medhm 
through  which  to  seek  agreement  in  view  of  the  weak- 
nesses of  the  UNO  Charter. 

None  of  these  issues  should  be  crucially  important 
What  matters  is  that  an  invitation  has  been  issued  io 
good  faith  for  the  nations  of  the  world  to  meet  and  de- 
cide upon  means  for  assuring  the  elimination  of  weapons 
the  existence  of  which  no  one  can  afford  to  tolerate. 

The  decision  cannot  be  other  than  international;  it 
will  require  the  best  thought  of  the  best  brains  the  world 
can  muster.  The  smaller  nations  have  an  equal  stake  j. 
with  the  large,  and  from  them  may  well  come  the  most  ' 
fruitful  suggestions.  But  Russia  now  holds  the  key  to 
the  success  or  failure  of  our  proposal.  If  she  accepts  our 
invitation,  no  other  nation  will  refuse. 

Alternatively,  there  will  be  an  international  arma- 
ment race  paced  by  atomic  weapons.  It  will  mean  an 
end  of  free  science,  a severe  policing  and  regimentation 
of  international  travel  and  trade,  and  innumerable  re-  ^ , 
strictions  upon  those  individual  freedoms  which  we  have 
just  fought  so  desperately  to  preserve.  This  is  the  dis- 
mal prospect  if  we  fail  to  arrive  at  a genuinely  inter- 
national accord  on  the  control  of  atomic  energy.  But  even 
this  interval  would  promise  to  last  only  for  an  uneasy 
period,  until  someone  started  pressing  the  push-buttons 
on  the  panel-boards  of  extinction. 

The  only  permanent  solution  lies  in  finding  means  to 
eliminate  war  itself.  That  we  cannot  hope  to  achieve 
overnight,  but  we  can,  and  do  hope  that  the  nations  will 
now  agree  to  eliminate  atomic  weapons  and  their  radio- 
active by-products  as  instruments  of  war. 

If  they  do  that,  we  can  move  forward  more  surely  to 
the  constructive  development  of  the  incalculably  valu-  j 
able  resources  that  science  has  newly  opened  to  our  use.  | 
And,  we  can  hope  also  for  a progressive  improvement  m 
international  understanding. 

Unless  the  nations  can  reach  agreement  on  this  para-  , 
mount  issue  of  atomic  energy,  it  is  difficult  to  conceive  o 
any  vital  issue  on  which  they  might  agree. 
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Here  is  proved  power,  dependability,  and  long 
service  life  for  the  large  AM  transmitter  owner  or  the 
manufacturer  using  electronic  heating.  General  Electric 
Types  GL-892  and  GL-892 -R  have  demonstrated  their 
reliability  in  broadcasting  and  industrial  sockets  oper- 
ating  24  hours  a day,  7 days  a week.  With  broad  appli- 
cations as  high-power  amplifiers,  modulators,  and 
oscillators,  Types  GL-892  and  GL-892-R  also  are 
adaptable  as  to  filament  supply,  their  2-unit  filament 
permitting  operation  from  2-phase  or  single-phase  a-c, 
as  well  as  from  d-c.  For  complete  data  to  supplement 
the  basic  ratings  at  the  right,  see  your  nearest  G-E  Office 
or  distributor,  or  write  Electronics  Department,  General 
Electric  Company,  Schenectady,  N.  Y. 


CHARACTERISTICS 
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Three-electrode  high-vacuum  power  tubes  and(^-892-Rshownabove,TypwGL-891 
for  use  ss  amplifiers  and  modulators  tn  and  GL-891-R  also  are  available  at  the 
broadcasting  and  communications  equip-  same  prices,  and  are  similar  m design 

ment— also  oscillators  in  industrial  elec-  characteristics  except  for  the  amplifica- 

tronic  heating.  Besides  Types  GL-892  tion  factor,  as  given  below. 


Reding 

Filament  voltage 
Filament  current 
Max  plate  voltage 
Max  plate  current 
Max  plate  input 


Amplification  factor 


GL-892 

OL-892-R 

Ql-Ml 

QL-891-R 

11  V 

llv 

llv 

11  V 

60  amp 

60  amp 

60  amp 

60  amp 

15,000  v 

12,500  v 

12,000  v 

10,000  v 

2 amp 

2 amp 

2 amp 

2 amp 

30  kw 

18  kw 

18  kw 

15  kw 

10  kw 

4 kw 

6 kw 

4 kw 

50 

50 

8 

8 
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fi\  Filament  voltage  and  current  given  above,  are  per  unit  of  2-unit  fila- 
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Television’s  first  microwave  link 


General  electric’s  Micro- 

Tel  relay— first  2000-mega- 
cycle radio  relay  in  history — heralds 
a new  era  in  network  operation 
that  will  bring  television  and  EM 
to  more  people  at  less  cost. 

• This  simple  relay,  which  elimi- 
nates connecting  wire  lines  and 
costly  right-of-ways,  consists  of  a 
low-power  microwave  FM  trans- 
mitter, a microwave  FM  receiver, 
and  a highly  directional  transmitting 
and  receiving  antenna  system  which 
gives  each  watt  of  transmitter  power 
the  effectiveness  of  approximately  one 
million  watts.  The  system  is  simple, 
economical  and  provides  unat- 
tended operation. 

• Today,  General  Electric  is  testing 

a Micro-Tel  link  between  the  studio 
and  transmitter  of  its  great  televi- 
sion station  WRGB  in  Schenectady 
—a  distance  of  12  Vi  airline  miles. 


Soon,  the  world’s  first  television 
microwave  relay  — equipped  by 
G.  E.  and  operated  by  the  Interna- 
tional Business  Machines  Corp.  — 
will  be  added.  This  relay  will  ex- 
tend to  New  York,  Philadelphia, 
Baltimore,  and  Washington.  Addi- 
tional links  will  follow . . . for  tele- 
vision programs,  full  fidelity  chan- 
nels for  network  broadcasting, 
facsimile  channels,  and  multiple 
business  machine  channels  — si- 
multaneously in  both  directions. 

• Further  expansion  of  this  net- 
work and  tne  establishment  of 


others  will  bring  television,  broad- 
casting, and  business  machine  ser- 
vices to  smaller  communities. 

• Whether  your  requirements  ire 
for  Micro-Tel  relays,  complete  tele- 
vision broadcast  stations,  or  Intra- 
Tel  systems,  look  to  General  Elec- 
tric for  your  equipment.  Plan  now 
to  visit  Schenectady  to  study  G-E 
broadcast  facilities.  Wednesdays 
and  Fridays  are  "open  house  da\s. 

Write  for  the  folder  "How  to  Get 
To  Schenectady,’’  or  ask  yourG-t 
broadcast  equipment  representa- 
tive to  help  you  plan  your  visit. 
Electronics  Dept.,  General  Electric 
Company,  Schenectady  5,  A.  l • 


Authentic  Guide  to  Television  Programming 

Write  for  the  new  book  “Television  Show  Business,”  by  Judy  Dupuy.  Published 
by  General  Electric.  $2.50  per  copy.  Address:  Electronics  Department,  General 
Electric  Company,  Schenectady  5,  N.  Y. 
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This  proposed  150-foot  relay 
tower  accommodates  up  to  six 
microwave  transmitters  and 
receivers  that  are  capable  of 
relaying  television  and  high- 
fidelity  radio  programs,  fac- 
simile pictures  and  business 
machine  messages. 
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tubes  is  shown  above— control- 
ling the  primary  current  of  resis- 
tance welders.  The  same  benefits  of 
split-second,  positive  "valve”  ac- 
tion, with*  no  mechanical  linkage 
fiqd  no  arcing  between  movable 
contacts,  are  provided  by  G-E  igni- 
trons  for  other  control  circuits — 
furnace,  motor,  etc.  — involving 
heavy  electrical  currents. 

• Current  control  is  but  one  of  this 
tube’s  functions  in  industry.  An- 
other is  current  conversion — a-c  to 
d-c.  Here  ignitrons  offer  the  ad- 
vantages of  silent  operation,  no  ro- 
tating parts,  no  need  for  lubrica- 


tion, no  mechanical  upkeep. 

•Steel-jacket  construction  and 
mercury-pool  type  cathode,  among 
other  features,  make  the  G-E  igni- 
tron  sturdy,  dependable,  and  long- 
lived.  Learn  more  about  this  ver- 
satile electronic  tube  from  G.  E.’s 
new  Booklet  ETI-21,  "Ignitron 
Tubes  and  How  They  Are  Used.” 
Its  24  profusely  illustrated  pages, 
complete  with  selected  circuits,  tell 
the  full  story  of  ignitrons  and  how 
they  serve  industrially.  Telephone 
your  nearest  G-E  office  or  distribu- 
tor, or  write  Electronics  Department, 
General  Electric  Company,  Schenec- 
tady 5,  New  York. 


IGNITRON  FG-235-A...*Jc0Bbina 

This  tube  is  one  of  the  most  wiWl*  ^ dei 
G-E  ignitrons.  It  is  a steel-jaAtWaBifi-stiim 
cooled,  gas-filled  triode  with  ®W:teo!ic 
pool  cathode,  used  for  welder  * POL  It 
heavy  current  controls,  and  U 'Wuitbod 
power  current  fonverter.  For 
control  servicey  ratings  are.  T Du 

mand  1,200,  with  correspond,  Ut  ^ 

anode  current  75.6  amp 
current  HO  amp,  wth 
leva  demand  400.  ‘ P" 

voltages  of600vrms  and  Wo 

Ratings  for  current  conver^J 

supplied  on  request,  m » ■ 
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The  phenolics  are  the  most  versatile  of  all 
plastics.  Naturally,  this  makes  their  use 
Practically  universal  throughout  industry. 
To  the  electrical  manufacturing  field,  for 
example,  you  will  find  phenolic  molding 
compounds  being  used  for  literally  thousands 
upon  thousands  of  vital  parts  The  Novex 
Combination  Projector  Viewer  shown  above 
serves  as  an  excellent  illustration  of  this 
point.  Jts  sturdy  heat-resistant  plastic 
housing  was  molded  from  a D urez  phenolic 
compound. 

This  Novex  Combination  Projector 
Viewer  effectively  demonstrates  the 
practical,  sales- stimulating  use  to 
which  Durez  phenolic  molding  com- 
pounds can  be  put  Its  durable,  eye- 
appealing  14'-long  body  is  molded  in 
one  piece.  The  complete  unit  embodies 
several  molded  Durez  parts.  With 
“olded-in  inserts,  these,  naturally, 
help  to  make  assembly  a simple 
process  and  keep  production  costs 
* a minimum. 


Heat- Resistant  Housing 

By  molding  the  housing  for  this  Com- 
bination Projector  Viewer  of  Durez, 
the  manufacturers  gain  the  heat-resist- 
ing and  heat-insulating  characteristics 
so  necessary  for  the  efficient  operation 
of  a machine  of  this  type.  Furthermore, 
a nigged  yet  lightweight  construction 
results. 

Propertios  of  tho  Phenollcs 

Just  as  the  Novex  Corporation  found 
a Durez  phenolic  plastic  that  fitted 
their  job,  so  have  many  other  manu- 
facturers. Such  desirable  properties  as 
heat  and  moisture  resistance  and  di- 
electric strength  make  Durez  com- 
pounds of  unusual  value  to  electrical 
manufacturers.  Additional  inherent 
characteristics  such  as  highest  dimen- 
sional stability  at  temperature  ex- 
tremes, excellent  moldability,  and 
impact  strength  make  them  extremely 
useful  to  the  automotive  industry. 
Closure  manufacturers  find  the  eye- 
appealing,  non-bleeding  finish  of 
molded  Durez  to  be  the  answer  to 


their  materials  problems.  Time  and 
again  the  versatility  of  the  more  than 
300  Durez  phenolic  molding  com- 
pounds has  provided  the  solution  to 
the  materials  problems  of  the  imag- 
inative design  engineer. 

Competent  Assistance  Available 

The  Durez  laboratory  technician  is  an 
experienced  man.  Years  of  successful 
development  work  and  the  continuing 
leadership  of  Durez  phenolic  plastics 
attest  this.  Your  custom  molder  is  also 
an  experienced  man.  Many  new  mold- 
ing methods  and  processes  make  his 
service  even  more  valuable  than  be- 
fore. Put  these  two  men  together  and 
you’ll  stand  an  excellent  chance  of 
coming  up  with  the  answer  to  any 
practical  plastic  materials  problem 
which  you  may  have.  The  services  of 
the  Durez  staff  are  available  at  all 
times  to  you  and  your  custom  molder. 
Durez  Plastics  & Chemicals,  Inc.,  3212 
Walck  Road,  North  Tonawanda,  N.  Y. 
Export  Agents:  Omni  Products  Corporation, 
40  East  34tb  Street.  New  york  16,  N.  y. 
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INCLUDES  NEW  CO 

• Here  it  is-that  latest  addition  to  the  peacetime  line 
of  miniatures  ...  5 new  miniature  types  that  provide  per- 
formance equivalents  for  the  popular  prewar  kit  12SA7, 
12SQ7,  12SK7  tor  12SG7),  35Z5GT/G,  and  50L6GT- 
and  4 other  lubes  introduced  as  performance  equiva- 
lents to  the  GSA7,  6SG7,  6SQ7,  and  6SH7. 

These  9 new  RCA  miniatures  bring  to  35  the  total  num- 
ber of  tubes  in  the  RCA  miniature  line— and  all  but  2 
were  developed  by  RCA  engineers. 

Stxh  RCA  pioneering  means  two  important  things  to  yoo: 

That  RCA  knows  your  needs— keeps  an  eye  on 
the  industry— is  ever  striving  to  give  you  the 
tubes  you  want  when  you  want  them. 

As  the  originator  of  miniatures  and  as  the 
largest  producer  of  them  ever  since  their  intro- 
duction, RCA  can  assure  you  of  superior  tube 
quality  and  uniformity  at  prices  that  are  right. 

For  data  on  these  9 new  tubes,  send  coupon. 

If  you  are  designing  radio  equipment  and  need  tube- 
application  assistance,  don’t  forget  that  the  RCA  appli- 

f — ’MAIL  THIS  TODAY  FOR  FRCE  DATA  SHIFTS  ~ 

RCA,  Commercial  Engineering  Department. 

Section  62- 4 IE,  Harrison,  N.  J. 

I’d  like  all  the  data  available  on  the  9 new  RCA  minia-. 
tures  announced  in  your  December  advertisement.  Please 
rush  me  a complete  set  of  data  sheets,  including  ratings, 
curves,  drawings,  etc. 


Position 

Company... 
Addrots 


M,  FM,  AND  TELEVISION  RECEIVERS 

cation-engineering  staff  is  always  at  your  service  for  j 
consultation.  A telephone  call  to  our  nearest  office,  or  a 
letter  stating  your  problem,  will  do  the  trick.  Address: 
Radio  Corporation  of  America,  1 ube  Division.  Com-  ] 
mercial  Engineering  Department,  Section  6241E,  j 
Harrison,  N.  J. 

In  Metals,  Miniatures,  or  Glass  Types  . . . 

THF  FOUNTAINHEAD  Of  MODERN  TUBE 
DEVEIOPMENT  IS  RCA 


AND  HIRE  THEY  AREI 

Perform*"* 
gqvtV4lt*t  ^ 

Af  iniaturet 
New  Types 

DESCRIPTION 

6AT6 

Duplei-Dlode  High  Mu  Tilodp 

6SQ7 

6AU6 

BF  Ampllflpi  Pentodp  with  Slurp  Colon 

6SH7 

6BA6 

8F  Amplifier  Pentodp  with  Bomofl  CittO 

6S67 

6BE6 

Pentagrld  Converter 

6SA7 

1 2AT6 

Duplex-Diode  High-Mu  Trlodo 

12SQ7 

12BA6 

RF  Amplifier  Pentode  with  Remote  Cotetf 

12SG7 
(or  12SAJI 

1 2 BEG 

Pentogrid  Convertor 

mi 

35W4 

Half-wave  High- Vacuum  Roctlflor 

35ZSGT/B 

SOBS 

Beam  Power  Ampllflor 

501661 

RADIO  CORPORATION  OF  AMERICA 

TUBE  DIVISION  • HARRISON,  N.  J 
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engineering  and  production 


The  gadget  above  is  a junction  box  for  a co-axial  gas- 
filled  transmission  line.  It  is  one  of  a series  of  cou- 
pling units,  end  seals  and  other  fittings  for  high” 
frequency  transmission— designed  and  built  by  Lapp. 

To  this  type  of  construction,  Lapp  brings  several 
innovations  and  improvements.  For  example,  such  a 
line  from  Lapp  parts  is  genuinely  leak-proof.  Every 
gasket  is  under  spring  loading,  so  there’s  no  leakage 
created  by  vibration  or  thermal  change. 

Whether  or  not  you’re  interested  in  gas-filled 
transmission  lipes,  you  ought  to  know  about  Lapp. 
Here  is  an  organization  of  engineers  and  manuf ic- 
turers  with  broad  basic  knowledge  of  ceramics  and 
their  application.  With  experience  in  hundreds  upon 
hundreds  of  special-purpose  electronic  parts,  we 
have  been  able  countless  times  to  improve  perform- 
ance, or  reduce  costs,  or  cut  production  time  through 


the  application  of  our  specialized  skills  to  design  and 
manufacture  of  parts  involving  porcelain  or  steatite 
and  associated  metal  parts. 

For  quick  and  efficient  assistance  on  a war  produc- 
tion subcontract— or  for  the  competitive  advantage 
Lapp-designed  and  Lapp-built  parts  will  give  to  you 
in  the  postwar  battle— an  inquiry  to  Lapp  now  may 
pay  you  dividends.  Lapp  Insulator  Co..  Inc..  LeRov,  N.  Y. 


/ 


FOR  coding,  keying,  monitoring,  programming,  or  other  timing 
applications  this  instrument,  operating  at  a constant  speed,  re- 
gardless of  voltage  variations  as  great  as  ±20%,  permits  accurate 
timing  to  hundredths  of  a second. 

With  a current  input  of  only  0.003  milliamperes.  the  motor  delivers 
1800  gram  inches  per  minute,  a feature  of  especial  importance  in 
battery  powered  systems. 

Interchangeable  cams  permit  the  use  of  any  desired  timing 
characteristic  for  two  or  more  separate  circuits. 

Write  for  Technical  Publication  234 
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Type  FA-121  lor  12  volt  operation 
Type  FA-122  lor  24  volt  operation 
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CERAMICS 

SO  RUGGED  THEY  COULD  WITHSTAND  THE  SHOCK 
OF  BEING  FIRED  FROM  A GUN 
WITH  A FORCE  OF 

20,000g 

in  th« 

'RADIO  PROXIMITY  FUSE' 


War's  Numbar  2 Scientific  Development 


Aj-SiMao  Ceramic  Insulators  were  exten- 
rively  used  in  condensers  for  the  'Radio 
Proximity  Fuie’  described  by  high  Navy  offi- 
1 a*$ccond  only  to  the  atomic  bomb  among 
C_^rcatcst  scientific  developments  of  the  war. 
evelopment  of  the  fuse  required  produc- 
°®n  of  electronic  parts  so  rugged  they  could 
it  tand  the  shock  of  being  fired  from  a gun 
* orct  *0,000  times  that  of  gravity, 
he  components  had  to  be  so  small  that  a 


complete  unit  could  be  installed  in  the  hose 
of  a projectile. 

The  fuse,  developed  at  a coat  of  f8oo,- 
000,000  is  an  extremely  nigged,  five  tube 
radio  sending  and  receiving  station  which  fits 
into  the  nose  of  a projectile.  Reflected  im- 
pulses explode  the  projectile  when  it  passes 
within  70  feet  of  enemy  planes. 

The'Radio  Proximity  Fuse’  was  the  effec- 
tive answer  to  Japanese  suicide  plane  attacks. 


as  well  u buns  bomb  attach  on  London. 

American  Lava  Corporation  is  justly  proud 
of  the  fact  that  it  was  able  to  provide  the 
Ceramic  Insulators  capable  of  withstanding 
the  tremendous  shock  of  being  fired  from  a 
gun  in  the ’Radio  Proximity  Fuse.’ 

Whatever  you  are  planning  in  the  field  of 
electronics,  we  believe  our  specialized  knowl- 
edge, research  and  production  facilities  will 
prove  helpful.  Let’s  work  together. 


ALCOhat  been  awarded  fer  the  fifth 
time  the  Army- S avy  “ A. " Award  fer 
tenlinmed  ettteUente  in  quantity  and 
faality  #/  tnentia I war  predmiien. 


AMERICAN  LAVA  CORPORATION 

CHATTANOOGA  5,  TENNESSEE 
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THE  COMBINED  RESULT  IS  EXCELLENCE  • • 1 


SANGAMO  ELECTRIC 


ESTABLISHED  1898  • • • MICA  CAPACITORS 
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SPRINGFIELD 


MICA 
CAPACITORS 


In  our  series  of  advertisements  just 
completed,  we  have  attempted  to 
show  "How  Excellence  is  built  into 
Sangaino  Mica  Capacitors”  through 
featuring  one  department  or  process 
each  month. 

This  review,  depicting  the  various 
steps  in  the  manufacture  of  a mica 
capacitor  is  a reminder  of  how  im- 
portant the  SANGAMO  MICA  CA- 
PACITOR production  set-up  is  to 
you  in  the  matter  of  quality  control 
from  the  first  operation  — M ICA 
SPLITTING— all  the  way  through  to 
the  final  operation— FINAL  1 ES  1 - 


WRITE  FOR 

fatale? 

As  a user  of 
MICA  CA- 
PACITORS, 
you  will  want 
to  have  the 
story  of  SAN- 
GAMO EXCELLENCE  for  reference. 
Therefore,  we  have  bound  the  entire 
series  of  advertisements  featuring 
the  departments  shown  here,  into  a 
booklet.  Simply  write  and  ask  for 
your  copy  of  the  booklet  "HOW 
EXCELLENCE  is  built  into  SANGAMO 
MICA  CAPACITORS." 
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TELETHONS 


DuMONT 


RECEPt 


V<EW 
•®H  AT 


•N(JTe 
ITs  Best. 


WHY  DIRECT-VIEWING  TELEVISION  RECEPTION? 
“SeMMAC  . . • 

. Excellent  pictorial  reaolulion  due  lo  minimum  apol 

•In. 

e Higher  brilUance  and  belter  conlraal  range  lor  field 
picture*. 

e Wide-angle  flewlng.  accommodating  the  large.! 
audience  lor  gleen  acreen  aiae. 

. lower  accelerating  f oUage.  which  mew.  lean  coal- 
ly  receiver  power  aupply- 

e Simplicity  ol  the  iocualng  ayatem.  alnce  U U en- 
llrely  electronic. 

. longer  tub.  111.  and  thereto.,  lower  opening  coat. 

• Previous  oblectlona  to  curvature  ol  lac.  hava  b—n 
overcome  by  d.aign  ol  e^ntlally  lUt-lacwl  bulbs 

• DuMont  oilers  the  larger  Image  lube,  lor  adequate 
acreen  else,  and  the  greeted  receiver  value. 


^Ii's  ail  in  the  tube  when  dealing  with  direct-viewing  tele- 
^vision  reception.  The  image  is  viewed  directly  «• 
scanned.  No  mirrors  or  lenses;  no  dust  or  dirt  to  dim  the 
image;  no  realignments  ever  required.  The  complete  de- 
vice for  image  reproduction  is  permanently  set  and  seeled 
at  the  plant. 

DuMont  has  led  in  the  development  and  production  of 
large-image  cathode-ray  tubes  for  television  (Teleiron*)  in 
all  sizes  and  types. 

DuMont  Teleirons  make  direct-viewing  practical,  logical, 
and  truly  economical. 

e a • 

t Interested?  Our  engineers  are  ready  to  col- 
laborate in  fitting  the  right  Teletron  to  your  par- 
ticular problem.  Technical  data  on  request. 


Remember,  DuMONT  also  make*  other  type* 
ol  cathode-ray  tubes,  oscillographs,  television 
receivers  and  television  transmitting  equip- 
ment. 

O ALLEN  DUNONT  LAaO.AEO.U."'6, 
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for: 

designers 

manufacturers 


maintenance 


salesmen 


users  of 
electronic  and 
electrically 


equipment 


Thirty  minutes  of  interesting  reading  that  will 
help  you  build  a better  product  or  get  greater 
satisfaction  from  equipment  now  in  use 


What  is  a Constant  Voltage  Trans- 
former?—why  is  it  necessary? — how 
does  it  operate? — where  can  it  be 
used? — what  new  developments 
have  resulted  from  its  world-wide, 
war-time  use? — 

. . . these  and  many  other  impor- 
tant questions  are  fully  answered  in 
this  new  Sola  handbook. 

The  Constant  Voltage  Transfor- 


Constant  Vi 


raer  is  an  exclusive  Sola  product— 
the  only  voltage  regulating  trans- 
former. In  principle,  design  and 
construction  it  is  different  and  should 
not  be  confused  with  ordinary  types 
of  voltage  regulating  networks. 

It  employs  no  tubes  and  has  no 
moving  parts.  It  is  fully  automatic 
in  operation,  it  is  not  dependent  on 
manual  control  or  supervision  and 


formers 


protects  both  itself  and  the  equip- 
ment it  serves  against  voltage  surges 
or  short  circuit.  It  instantly  cor- 
rects voltage  fluctuations  as  great  as 
30%  to  within  ±1%  of  rated  value. 

Your  product  will  serve  more  peo- 
ple — better — with  built-in  Constant 
Voltage.  There  are  Sola  units  spe- 
cially designed  for  that  purpose — 
fully  described  in  this  new  handbooks 


^.UahHno  • Buot.kw. U9t,H"9  • X-RoyEquIpr,.*  • l*nf»«.  Tub.  Sign, 
forawrs for ■ Comtont Voltage  • Cold Calhod. Ugh«"9  • .—..T COMPANY,  IMS  Clyb#*n»  Avoiwo,  Chicot*  !«!■•*• 

m.r  Ignition  • Radio  ■ Powor  • Control.  • Signal  Sy*- • * »°lA  a 
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In  flight  tests  Qt  Wright  Aeronautical,  a Western  Electric 
sound  another  is  used  to  measure  sound  characteristics 
of  the  plane  and  locate  major  sound  disturbances. 


WestemElectric 

Today’s  world  is  a world  of  sound.  How  different  it  would  k 
without  the  telephone,  radio,  public  address  systems,  aids  for 
the  hard  of  hearing,  talking  pictures! 

For  many  years.  Bell  Telephone  Laboratories  and  Western  Elec- 
tric— working  closely  as  research  and  manufacturing  teanun*  ** 
— have  led  the  way  in  building  this  world  of  sound. 

In  the  course  of  their  sound-transmission  work,  these  teammates 


D"'»b"  .W- ELECTRONICS 


TELEVISION 


Why  Western  Electric 
equipment  leads  the  way! 

1.  Western  Electric  products  are  de- 
signed by  Bell  Telephone  Laboratories 
— world’s  largest  organization  devoted 

'exclusively  to  research  and  develop- 
ment in  all  phases  of  electrical  com- 
munication. 

2.  Since  1869,  Western  Electric  has 
been  the  leading  maker  of  communi- 
cations apparatus.  During  the  war  this 
company  was  the  nation’s  largest  pro- 
ducer of  electronic  and  communications 
equipment. 

3.  The  outstanding  quality  of  Western 
Electric  equipment  has  been  proved 

. daily  on  land,  at  sea,  in  the  air,  under 
every  extreme  of  climate.  No  other  com- 
pany supplied  so  much  equipment  of 
so  many  different  kinds  for  military 
communications. 


A powerful  II  estern  Electric  public  address  system  spreads 
sound  evenly  throughout  New  York’s  huge  MadisonSquare 
Garden  which  seals  more  than  18,000  people. 


equipment  leads  the  way! 

have  also  developed  scientifically  accurate  instruments  for  measur- 
ing and  analyzing  sound  and  vibration.  These  instruments  have 
“any  important  uses  today — will  have  still  more  tomorrow. 

Through  their  lifetime  of  pioneering  in  this  field.  Bell  Labs  and 
Western  Electric  have  gained  a unique  knowledge  of  sound  and 
haw  to  handle  it.  Count  on  them  for  the  finest  equipment  for 
Measuring  sound  or  spreading  it  around! 


Buy  all  the  Victory  Bonds  you  can 
, . . and  keep  all  you  buy! 


otsy! 


knowledge  in  all  of  these  fields 


mobile  radio  hearing  aids  sound  motion  pictures 


VACUUM  TUBES 
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How  KARP  cuts  costs  o 
sheet  metal  fabrication 


Every  job  we  do  it  a special-built  job,  individualised 
te  exact  specifications.  Yet  our  superior  machine  in- 
stallations and  vast  stocks  of  dies  and  jigs  permit 
us  to  fabricate  your  order  economically  and  with  pre- 
cision—frequently  saving  you  the  cast  of  special  dies. 

Since  1925,  our  specialty  hat  been  the  fabrication 
of  cabinets,  housings,  chassis  and  en- 
closures for  electronic,  electrical  and 
mechanical  apparatus.  Prior  to  and  dur- 
ing the  war,  we  continued  and  intensified 


this  specialty,  and  shall  now  continue  It  in  psocs. 
Therefore,  we  are  not  reconverting  to  any  other  lin* 
We  are  not  a "war  baby"— but  our  wartime  experi- 
ence has  added  to  our  facilities  and  abilities. 

Tell  us  your  sheet  metal  fabrication  needs.  Wecan 
serve  you  with  satisfaction  and  speed.  More  often 
than  not,  we  can  save  you  money,  tee. 

ANY  METAL  • ANY  SIZE 
ANY  GAUGE  e ANY  FINISH 


KARP  METAL  PRODUCTS  CO., INC- 

124 -30th  Street,  Brooklyn  32.  N.  Y. 

C&u4foni  <@Uxfl&tnen  in  SPAeet  tAiefoU 

k testier  Ml-****0* 
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READY  TO  SERVE  YOU  AGAIN! 


Thordaraon  has  returned  from  tho  war  and  is  roady  now  to  sorvo 
its  many  eustomors.  Thordaraon  rogrots  thoro  has  boon  an  intor- 
ruption  in  sorvico  porformanco  to  rogular  eustomors  and  that 
, ordors  could  not  bo  fillod  during  tho  war.  Horo's  tho  roason. 
Tho  superior  quality  of  Thordaraon  transformers  and  other 
^ , electronic  devices  was  recognized  immediately  by  Uncle  Sam  at 

the  outbreak  of  the  war  and  Thordaraon  production  (100X)  was  required  to  fill 
all-important  government  orders. 

Now  the  same  high  quality  that  was  so  acceptable  in  the  recent  emergency 
is  available  to  you.  Thordaraon  transformers -always  the  gauge  of  superior 
quality  and  unexcelled  performance-are  now  even  better  because  off  many 
new  additions  and  developments  made  during  the  war.  Thordaraon  research- 
engineering plus  Thordaraon  quality  team  together  in  the  production  of  better 

equipment  and  devices  for  the  electronics  industry.  -i.nrri.ir.nn 

New  distribution  policies  and  sales  promotion  plans  make  ThorJarson  prod- 
ucts and  complete  informative  data  on  their  application  and  use  available 
to  all  customers— everywhere! 

ALWAYS  THINK  OF  THORDARSON  FOR  TOP-NOTCH  TRANSFORMERS! 


500  WEST  HURON  ST.,  CHICAGO,  III. 


ORIGINATORS  OF  TRU-FIDEIITY  AMPLIFIERS 
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DUMONT  RESINOID 
SEALED  • WILL  NOT 
MELT  AT  300°  F 


Also  made 
in  1 600  and 
2000  volts 

SIZES  zt'Ai" 


4. 


CAT.  NO. 

CAPACITY 

MFD 

200  V.D.C. 
SIZES  DXL 

400  V.D.C. 
SIZES  DXL 

600  V.D.C. 
SIZES  DXL 

1000  V.D.C. 
SIZES  DXL 

P6-1 

.001 

3/s  X 1" 

3/s  X 1 " 

3/sX  1" 

3/a  X 1%" 

P6-2 

.002 

% X 1 " 

% X 1" 

3/s  X 1 " 

% X 1 

P6-3 

.003 

% x 1 " 

3/s  X 1 " 

3/s  X 1 " 

%xiy„" 

P6-4 

.004 

3/s  X 1 " 

3/e  X 1" 

% X 1 " 

%X1’/4" 

P6-5 

.005 

% X 1 " 

% X 1 " 

7/l6  X 1" 

% X l'A" 

P6-6 

.006 

3/s  X 1" 

% X 1" 

Vl  6 X 1" 

% X 1 %" 

P6-7 

.008 

3/s  X 1" 

% X 1 " 

Vl  6 X 1" 

H X l V*" 

P68 

.01 

% X 1 " 

% x 1 " 

Vl  6 X 1" 

% X l’A" 

P6-9 

.02 

3/s  X 1 " 

% X 1 " 

Vl*  X 

%X1%" 

P6-10 

.03 

% X 1 " 

% x 1 %" 

y2  X 1 '/a" 

% X l’A" 

P6-1  1 

.05 

Vu  x i%" 

K X 1 3/8" 

Vi  x 1 y2" 

Vs  X 2" 

P6-12 

.1 

Vi  6 x i%" 

Vs  x P/s" 

Vs  X 2" 

% X 2" 

P6-13 

.25 

5/s  X 1%" 

3/4  X l3/s" 

% X 2 ’/a" 

% X 2 ’/a" 

P6-14 

.5 

% X 1%" 

% X 1 3/s” 

3/4  X 2 '/a" 

1 X 2'/:" 
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PLATE 


75  WATTS 


<n  ecMie* 


(tee  t&e  257'S  (fammatnAK 


The  HK-257B  l>eam  pentode,  originated  by  lleintz  and  Kaufman 
engineers,  facilitates  the  design,  construction,  and  operation  of 
multi-hand  transmitters  since  it  requires  very  little  driving  power 
and  no  neutralization. 

The  wiring  diagram  below  shows  a transmitter  capable  of 
operating  on  all  amateur  bands  from  10  to  160  meters.  A single 
6V6  metal  tube  in  the  oscillator  circuit  drives  the  r.f.  amplifier 
to  its  full  output.  The  precise  internal  shielding  of  the  HK-257B 
makes  neutralization  unnecessary. 

Write  today  for  complete  data  on  the  257B  Gammatron,  a 
versatile  tube  capable  of  very  high  frequency  operation. 

HEINTZ  and  KAUFMAN  ltd. 

SOUTH  SAN  FRANCISCO  -.CALIFORNIA 

Export  Agent*:  M.  Simon  ond  Son  Co.,  Inc. 

25  Warren  Street  • New  York  City 

KEEP  IT  UP.  ..BUY  WAR  BONDS 


•J  m 


s^i57e 
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The  Sickles'  ILC  Condenser  Family 

Just  like  their  Dad  . . . only  more  so 


In  the  front  row  is  the  “Poppa”  of  the  ILC  Sickles’  Condenser  family. 
This  is  the  basic  unit  from  which  all  other  ILC’s  are  adapted. 

This  basic  unit  is  available  in  six  different  ranges.  It  is  possible 
to  add  silvered  mica  for  increased  stability  (at  some  sacrifice  of  range). 

Note  a few  of  the  ILC  offsprings  in  the  picture  above.  See  their 
close  resemblance  to  their  “Dad.”  Yet  they  all  have  special  features. 
The  one  in  front  at  left  has  a thumbscrew  adjustment,  the  one  behind 
it  has  brackets  for  as  many  ILC’s  in  a unit  as  desired,  and  the  other 
one  has  a screw  guide  cup. 

Many  different  special  features  are  found  on  other  members  of  the 
ILC  Condenser  Family.  Write  for  more  complete  details. 


THE  F.  W.  SICKLES  COMPANY  • CHICOPEE,  MASS. 


Back  Row:  Multiplicity  of  brackets,  guide  cup 


SICKLES 
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HUIVTER 


CAA/noa- 


HUNTER  PRESSED  STEEL  COMPANY 

Lantdalc,  Pennsylvania 
SPtlMOS  • METAL  STAMPINGS  • WIRE  FORMS 
MECHANICAL  AND  ELECTRICAL  ASSEMBLIES 


it’s  the  X-Dimension  that  gives 
, a Glider  and  You  a Lift 


Ever  hear  of  the  X- Dimension  of  a 
Spring?  Probably  not.  But,  sure  as 
you’re  born  i fs  there,  in  every  spring. 

Take,  for  instance,  the  intriguing 
what-is-it  pictured  below.  It's  a glid- 
er release  spring,  an  assembly  which 
holds  the  pick-up  rope  until  the  par- 
ent plane  hitches  on — then  let's  go 
at  a precise  jerk  on  the  towline. 

If  Hunter  had  only  manufactured 
and  delivered  dependable  glider  re- 


satisfactory.  But  Hunter  in- 
vented the  device  for  All 
American  Aviation.  Inc.,  and 
assigned  the  patents  to  them. 

Thai's  the  X- Dimension  at  work. 

It's  also  at  work  in  such  pioneering 


efforts  in  spring  manufacture  as  con- 
trol gaging  and  statistical  methods 
in  quality  cdntrol.  It's  your  guaran- 
tee of  good  springs,  your  insurance 
against  failures  and  customer  coin- 


lease springs  on  time  and  in  needed 
quantities,  its  job  would  have  been 


plaints.  1 1'>  more  than  you  bargained 
for — in  springs. 


TUBE  DIVISION  . HARRISON, 


♦Two  tube* 


Keep 

Buying 

Bonds 


Position. 


Company 

Address... 


Zone State. 


#At  max.  signal 


^ere’s  a tube  that  fills  that  important 
/ need  for  medium  power  in  the  new  PM 

and  television  bands — a compact  and  efficient 
tube  for  commercial,  emergency,  government, 
and  industrial  service,  in  the  frequency  range 
above  that  of  the  popular  RCA-833A. 

The  6C24  is  a triode  having  low  interelec- 
trode capacitances  and  low  lead  inductance  for 
high-frequency  applications.  Forced-air  cool- 
ing of  the  sturdy  copper  radiators  results  in 
a simple  and  convenient  system. 

The  6C24  is  designed  for  either  fixed  or 
portable  operation.  Takes  full  input  up  to  160 
megacycles. 

Industrial  Applications 

The  6C24  is  rated  at  both  400  and  600  watts 


plate  dissipation.  This  higher  rating  nfl 
increased  air  flow,  but  Is  of  particulir  IM 
to  designers  of  electronic  heating  bjicmbS 
which  it  is  desired  to  hold  tube  and 
conditions  to  moderately  low  eficleuds! 
conservative  operation  of  the  6C24. 

Application  Assistance 

If  you  have  an  application  for  the 
for  other  RCA  tubes,  and  would  like  the 
tance  of  our  application  engineers, 
write,  stating  your  problem.  For 
bulletin  on  the  6C24,  send  the  coup® 
complete  technical  data,  curves.  dravthft 
application  hints.  Address:  Radio 
tion  of  America,  Tube  Division,  C 
Engineering  Department,  Secuon  i 
Harrison,  New  Jersey. 


TECHNICAL  DATA 


Filament  Voltage  (A.C.),  volts  

Filament  Current,  amperes 

Amplification  Factor 

Direct  Interelectrode  Capacitances,  micromicrotarads 

gridto-plate V , 

gridto-filament 

plate-to-filament 

Overall  length  (less  lead  wires),  inches 

Max.  diameter,  inches 


Typical  Operation  at  Maximum  Plate  Volts 


Clam 

Audio 

Clam  B 

Mi M 

Amplifier 

ruu 

da 

•c 

Amplifier 
or  Modulator 

Saif 

7<W» knt 

hh 

rot 

Plate  Volts  .... 

3000 

3000 

2500 

3 

OX 

Plate  Milliamperes 

800# 

200 

400 

96 

Driving  Power  (Approx.)  Watts 

30# 

16 

75 

Power  Output  (Approx.)  Watts 

1600# 

200 

800 

I 

100 

The  Fountainhead  of  Modern  Tube  Development  Is  RCA 


RCA,  COMMERCIAL  ENGINEERING  DEPARTMENT 
Section  62-102E.  Harrison,  N.  J. 


Please  send  me  free  bulletin  on  the  RCA-6C24  triode  giving  com- 
plete technical  data,  drawings,  curves,  and  application  hints. 


Name. 


" “ ' Send  Coupon  Now  for  Free  Technical  Bulletiif"  — — — 
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A STANDARD  RELAY  FOR  DOZENS 
OF  SPECIAL  APPLICATIONS 


• . . requiring  a compact  light  weight  unit  that 
handles  plenty  of  power  and  is  highly  resistant 


to  shock  and  vibration 


The  design  flexibility  of  Struthers-Dunn  10  Frame 
a-c  and  d-c  relays  coupled  with  their  proven  depend- 
ability under  adverse  operating  conditions  make  them 
ideal  for  many  applications  usually  requiring  more 
costly  special  types.  10  Frame  Relays  are  small  and 
light  and  particularly  built  to  withstand  shock  and 
continuous  vibration. 

Features  include:  — One-  to  four-pole,  single-  and 
double-throw  contact  arrangements;  insulations  suit- 
able for  power  or  radio-frequency  circuits;  high  con- 
tact pressures  and  plenty  of  "follow-up”  for  long 
contact  life. 

Struthers-Dunn  #10  Frame  Relays  are  currently 
used  in  many  Radar,  Radio,  and  Communications 
circuits  for  shipboard,  aircraft  and  general  use, 
including  a wide  variety  of  industrial  installations 
requiring  extra  quality  and  plus  performance.  Write 
for  Data  Sheet  10-000  describing  the  10-Frame  Relay 
Series  and  outlining  a few  of  the  many  available 
modifications. 


STRUTHERS-DUNN/  Inc 

1321  Arch  Street,  Philo.  7,  Pa 


TYPE  10XBX  — Two- 
Pole,  double-throw 
contact*,  featuring 
phenolic  insulation, 
metal  base,  and  solder 
terminals. 


DISTRICT  ENGINEERING  OFFICES 
IN  THESE  CITIES  TO  SERVE  YOU: 


Modified  10  Frame 
construction  Type 
10X1X117  for  R-F  ap- 
plication. Features  in- 
clude bonded  mica 
Insulation  and  binding 
type  terminals. 


ATLANTA  • BALTIMORE  • BOSTON  • BUF- 
FALO  • CHICAGO  • CINCINNATI  • CLEVE-^ 
LAND  • DALLAS  • DENVER  • DETROIT  • 
HARTFORD  « INDIAN APOUS  • LOS  ANGELES 
. MINNEAPOLIS  • MONTREAL  • NEW  YORK 
• PITTSBURGH  • ST.  LOUIS  • SAN  FRAN- 
CISCO • SEATTLE  • SYRACUSE  • TORONTO 


Struthers-Dunn 

5,312  RELAY  TYPES 
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THAN  300,000,090 
OPERATIONS  # 


AUTOMATIC  ELECTRIC'S  CLASS 


Want  real  proof  of  relay  ruggedness?  Many  months  ago,  several  Class 
"B”  relays,  taken  from  regular  production,  were  placed  on  “life  test 
Today,  with  no  attention  except  for  occasional  lubrication,  they  *r* 
still  functioning  satisfactorily— and  every  one  has  hung  up  the  amuwg  j 
record  of  more  than  300,000,000  operations!  For  ruggedness— for  all 
the  other  features  you  need,  specify  Automatic  Electric's  Class  “B  relays.  | 


Indnpondnnt  twin  contacts  for  dnponddblo  contact 
clotvn . . . •fflcMat  mpgnotk  circuit  for  aomsrtivfty  and 
high  contact  prin/n  . . . vnfcjvo  armatvn  boar  mg 
for  long  woo r vndor  sovoro  conditio m . . . compact 


dotign  for  important  sovi-p.  h>  tpaco  Wjj# 
Now  ovo ihbln  for  coilvoitagm  to  300  vohDC* 
230  vofh  AC,  wA*  ckwcMm  up  to  « Vg 

J.,..  n,.Min.h'f  Mmldina  mw.wLh  W* 


The  Closs  "I”  rainy,  and  May  ethers,  or*  shorn  ia  Cotdet  40/1.  Write  tadoy  hr 

AUTOMATIC  & IIEITBII 
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AUTOMATIC  ELECTRIC  SALES  CORPORA^ 

103*  WEST  VAN  BUREN  STREET  • CHICAGO  7,  11 
9m  Canada : AUTOMATIC  ElECTRIC  (CANADA)  LIMITED,  TOE 

CONTROL  NEED 


EVERY  ELECTRICAL 


hi 
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manufacturing  company 


Since  1938  Raytheon  ha*  pioneered  in  the  design,  devefc, 
opme.1t  ami  production  of  »mull,  low  drain.  Ion*  life 
tulle ,4.  These  have  helped  to  make  possible  the  modern 
(tremely  compuct  hearing  aid. 

•w  Ur  Radio  Raraivars 

at  style,  sub-miniature 

} a shielded  RF-pentode  , : . 

entode  detector-amplifier  and  an  output  pentode  lor  < 

lad.  SmoM*r  todi.s  Poifibls — These  tubes  make  it  possible 

fraction  the  size  of  prewar  “personals,  wit.. 

arger  sets. 

lie  ratio  of  performance  to  battery  draii 
Shu  ring  the  maximum  possible  operating 
»ow  available. 

The  line  consists  of  tubes  approximately  1%  *OIVf. 
ection.  Each  type  is  available  with  pins  for  use  wit 
nailable  sockets  as  illustrated,  or  may  be  hod  wit  1 
dring  the  tube  directly  into  the  circuit. 

U progressive  radio  manufacturer  will  overlook  the 
ties  inherent  in  the  small  pocket  receiver  bui  t arot 
mb-miniaturc  tubes.  But  call  on  Raytheon  tor  eiei^ 
imall— for  the  finest  in  engineering,  production  an 


Now  Raytheon  announces  a physically  wmuar  a.io. 

tubes  for  radio  receiver  applications.  Included 
amplifier,  a triode-heptode  converter,  a <!»«««■- 
• r«_  earphone  operation. 

' » to  construct  radios 
th  sensitivity  rivaling  much 

maintained  very  high,  thus 
from  i he  small  size  batteries 


Mo*.  Grid-Plat*  Capacitance 
Note  Voltage** 

Screen  Voltage 
Control  Grid  Voltage* 

Ok.  Plate  Voltage 
Plate  Current 


400  pmhos 


gRattio  ^Receiving  STute  Qbtv&ion 

NEWTON.  MASSACHUSETTS  • 1 ° 5 ° E„l  ,E  J 

NEW  YORK  * CHICAGO  • ATLANTA 

■ icmiNCi  is  utetioNici 


•With  5 megohm  grid  resistance  connected  to  F — . 
••Higher  voltage  operation  is  possible  os  shown 

engineering  characteristics  sheet  avotlable  by 


EUCTSONICS — D*ctmb*r  194S 


Digitized  by 


Google 


35 


CINAUDAGRAPH 

designed  over  100  different 

PERMANENT  MAGNETS 


,S| 

ml 


FOR 


RADAR 

Many  manufacturers  shared  in  the  development  of  Radar. 
Skilled  scientists  in  many  a research  laboratory  contributed  to 
the  perfection  of  this  remarkably  effective  instrument  for  detect- 
ing. locating,  and  defining  objects  at  a distance  through  fog  or 
storm,  in  the  night. 


In  every  modern  Radar  Set  a permanent  magnet  is  an  essential 
element  , We.  at  Cinaudagraph.  feel  that  it  was  distinctly  a 
tribute  to  the  skill  of  our  engineers  and  workmen  that  we  were 
called  upon  to  design  and  manufacture  a large  portion  of  the 
permanent  magnets  for  all  the  Radar  Sets.  Our  engineers  de- 
signed over  100  different  types  of  magnets,  and  tens  of  thousands 
of  these  were  manufactured  in  our  plant. 


In  the  rapidly  developing  field  of  electronics,  the  permanent  mag- 
net is  bound  to  play  an  important  part.  Our  engineering  depart- 
ment will  be  glad  to  help  on  magnet  problems  in  connection 
with  any  apparatus  or  instrument  you  are  planning  to  produce. 

Send  for  our  pamphlet,  "Permanent  Magnet  Design" 


2 SELLECK  ST. 


CINAUDAGRAPH 

CORPORATION 


STAMFORB,  COIN 
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• Outstanding  production  equipment  in  the  hands  of  Aerovox 
craftsmen,  accounts  for  these  veritable  capacitor  dreadnaughls. 
In  exacting  services  such  as  radio  transmitters,  heavy-duty 
electronic  equipment,  and  in  the  electric  power  field,  these 
units  have  won  citation  after  citation  for  exceptional  rugged- 
ness. 

Such  ruggedness  stems  from  the  Aerovox  winding  facilities 
second  to  none.  Special  winding  machines  insure  that  the 
multi-layered  sections  are  uniformly  and  accurately  wound 
under  critically-controlled  tension.  Also,  a system  of  impreg- 
nation tanks,  pumps  and  control  equipment  guarantees  the 
necessary  drying  after  vacuum  impregnation  that  is  positively 
unexcelled  by  any  impregnation  process  anywhere. 

Hermetically-sealed  welded  steel  containers;  heavy-duty 
porcelain  insulators;  cork  gaskets  and  pressure  sealing;  non- 
ferrous  metal  hardware;  silver-soldered  joints;  sturdy  mount- 
ing means— these  are  the  externals  of  these  capacitor  dread- 
naughls. Standard  listings  of  Type  20  up  to  50,000  v.  D.C.W. 


Write  lor  detailed  literature. 


Capacitances  from  0.1  to  10  mfd. 


INDIVIDUALLY  TESTED 


Sales  timers  In  All  Principal^ 

Hamilton 


Export:  13  E.  40  St..  New  Von»  16.  N Y.  ■ Cable:  ARLAB’  ■ In  Canada:  AEROVOX  CANADA  LTD 


election 


AEROVOX  CORPORATION.  NEW  BEDFORD.  MASS. 


U.  S.  A. 


Haiiicrafters  and  Very  High  Frequency 


HAIIICRAFTERS  NEW  $400,000  HOME  NOW  UNDER 
CONSTRUCTION. 


Based  on  the  facts  in  the  case,  Haiiicrafters  can  stake  out  a 
very  strong  claim  to  leadership  in  the  very  high  frequency 
field.  The  facts  include  such  things  as  the  Model  S-37,  rM* 
AM  receiver  for  very  high  frequency  work.  The  Model  S-37 
operates  from  130  to  210  Mc.-the  highest  frequency  range 
of  any  general  coverage  commercial  type  receiver. 

Haiiicrafters  further  supports  its  claim  to  domination  in 
the  high  frequency  field  with  the  Model  S-36A,  FM-AM- 
CW  receiver  The  36A  operates  from  27.8  to  143  Me.,  covers 
both  old  and  new  FM  bands  and  is  the  only  commercially 
built  receiver  covering  this  range. 

Farther  developments  in  this  direction  can  soon  he  revealed- 
.Ming  further  support  to  Haiiicrafters  claim  to  cont.nued  supremacy 
in  the  high  frequency  field. 


haiiicrafters  radio 


the  HAIIICRAFTERS  CO.,  MANUFACTURERS  OF  RADIO 
AND  ELECTRONIC  EQUIPMENT  • CHICAGO  16,  U.  S.  A. 

•OPY^iaH T I94B  THE  HALUCRAFTERS  CO. 
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LOWEST  PRICED 
TRANSFORMER 


FERRANTI 


HIGH  QUALITY 
PROMPT  SERVICE 
RAPID  DELIVERY 
and 

COMPLETE  ENGINEERING  SERVICE 

Oldest  any  2ueuttttty  - tea  ntctfZen  <u*uUl  <n  (antye 


FERRANTI  ELECTRIC,  INCORPORATED 

NEW  YORK  20  RCA  NEW  Y<3rK 

BUILDING 

TRANSFORMERS  • CHOKES  • FILTERS  • WIRING  AND  ASSEMBLIES 
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NOW  AVAILABLE  FOR 
PEACETIME  APPLICATIONS 


temperature  ranges  are  encountered. 
Types  3B28  and  4B32  operate  de- 
pendably, and  without  auxiliary  heat- 
ers, within  a temperature  range  of 
— 7S°C  to  +90°C.  All  ratings  are 
conservative  and  ample  overload  ca- 
pacity prevents  failure  under  acci- 
dental overload.  Further  details  will 
be  furnished  promptly  on  request. 


These  rugged  Chatham  rectifiers 
offer  proven  dependability  under 
severe  operating  conditions.  Xenon 
gas  fill  results  in  heavy  current  ca- 
pacity, low  voltage  drop,  and  high 
peak  inverse  voltage  rating.  Another 
feature  is  very  wide  ambient  tem- 
perature range.  Chatham  engineering 
provides  immunity  to  shock  and  vi- 
bration. Both  types  are  especially 
applicable  to  mobile,  airborne  and 
remote  installations  where  extreme 


c HATHAM  ELECTRO  NICS 

475  WASHINGTON  ST.,  NEWARK  2,  NEW  JERSEY^ 
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REPRESENTATIVES 

t.  W.  Porri*  Co. 

404  Woil  Thirty-fourth  Stroot 
Koniot  City  2,  Mltiouri 
Phono:  Logan  7495 

Fronk  A.  Emmot  Co. 
2837  Woif  Pico  Boulevard 
Lei  Angolas  4,  California 
Phono.-  Rochester  9111 

Georgo  A.  Coleman 

420  Market  Street 
San  Francisco  11,  Calif. 

BRANCH  OFFICES 

$.  J.  Hutchinson,  Jr. 

401  North  Broad  Street 
Philadelphia  8,  Pennsylvania 
Phone:  Walnut  5389 


IN  ENGLAND 

Chicago  Telephone  Supply  Co. 
St.  John's  Woods 
103  Grove  End  Gardens 
London,  N.  W.  8,  England 

CANADIAN 
ASSEMBLY  PLANT 

C.  C.  Meredith  & Co. 
Streetsvtlle,  Ontario 


IN  SOUTH  AMERICA 
Jose  Luis  Pontet 

Cordoba  1472 
Buenos  Aires,  Argentina 
South  America 

Masculina  2624 
Montevideo,  Uruguay 
South  America 

Avda.  Centelhetro  Podtlqwat 
Alves  1057 
Villa  Mariana 
Sao  Paulo,  Brazil 
South  America 

Wolter  Th.  Kammann  Willson 
Apartodo  1891 
Norte  6 No.  17 
Caracas,  Venezuela 
South  America 


ELKHART  * INDIANS 

VAIUBtt  KKSIST01S  AND  ASSOCIATE  SWITCHES 


Featured  is  CTS  Type  G-C-45-47  eon. 
centric  shaft  tandem  lone  control, 
volume  control  and  off -on  switch.  This 
resistor  was  specially  designed  for  use 
where  panel  space  is  limited  and  the 
going  is  rough— as  in  auto  radios,  for 
example.  Both  volume  and  tone  con- 
trols are  combined  in  this  resistor  and 
occupy  only  as  much  panel  space  as 
a single  resistor. 

This  featured  G-C-45-47"  resistor  is 
just  one  example  of  the  ability  ofiCTS 
engineers  to  solve  new  problems  . . • 
to  provide  special  adaptations  for 
new  requirements. 

Electronic  engineers  all  over  the  world 
depend  on  CTS  for: 

O A resistor  engineered  for  the 
application. 

O Uniform  quality  throughout  the 
shipment. 

O Each  resistor  carefully  tested  to 
assure  top  performance. 

O Delivery  when  promised. 

Call  on  CTS  specialists  for  aid  in  solv- 
ing your  variable  resistor  problems. 
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Write  for  complete  descriptive  data,  prices 
and  information  for  filing  with 
FCC  for  license  application. 


pueney  tubes6  n9h.  fr®‘ 
h'9h  efficiency  andr"l,,!in9 
shielding.  V d perfe« 

* Newly  designed  amplifier 

z > crple,e,y  •««'££ 

h 9 ,ank.  radiation,  feed- 
back  and  radio  frequency 

frame10  * fr0m  ,ransmiMing 

* Bu,l|-'n  center  frequency  de- 
viation meter  calibrated  di- 
rectly in  cycles. 

•Frequency  range  of  88-106 
megacycles. 

•Frequency  stability  ±1500 
cps  or  better  of  assigned 
center  frequency. 

* Audio  frequency  response 
±l’/i  db  30-16000  cps 
(after  deemphasis). 

•Audio  distortion  50-16000 
cycles  less  than  2%  RMS. 

•Noise  level  FM  db  below 
± 75  Kc  swing. 

‘£'eVe'A,M  70  db  below 

• 00/,  modulation. 


“AD,°  C0M"UNICATI0N  ft 
TRANSMITTER  EQUlPMtM^ 

345  *—  Stre!! Z?' 

•w  York  14 
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Presto’s  new  14A  Recorder  herewith  makes  , 

its  bow  to  all  major  radio  stations,  recording 

companies  and  motion  picture  studios.  In  pre- 
senting this  model  for  the  first  time.  Presto 
offers  many  new  features  that  are  fully  de- 
scribed on  Page  One  of  Presto’s  postwar  cata- 
log. Send  for  Page  One  today. 

PRESTO  p 

I RECORDING  CORPORATION  f 

242  West  5 5th  Street,  New  York  19,  N.  Y. 

tt  alter  P.  Downs.  Ltd.,  in  Canada 

WORLD’S  LARGEST  MANUFACTURER  OF  INSTANTANEOUS  SOUND  RECORDING  EQUIPMENT  AND 

♦4  (ms-electconics 
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when  and  where  you  want  it . . 

. . .with  NICHROME’ 


i 


i 
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In  addition  to  toasters,  electric  irons,  radiant  heater*, 
stoves,  etc.,  the  u*e*  for  electrical  heating  element* 
have  multiplied  into  an  almost  endless  list  of  new  and 
novel  applications  during  the  war. 

From  keeping  aerial  cameras  warm  in  the  stratosphere 
to  protecting  delicate  roots  underground,  Nichrome 
heating  elements  have  been  impressed  Into  service  to 
deliver  dependable  heat  . . . wherever  and  whenever 
it  Is  required. 

In  oil  of  these  applications  the  vital  factor  of  depend- 
ability loaves  no  room  for  compromise  with  quality. 


For  this  reason  and  because  Nichrome  Insures  long 
heater  life  and  close  control  over  wide  temperature 
range,  It  has  been  specified  for  more  new  electrical 
heating  applications  than  any  other  alloy  resistance 
wire. 

Although  there  are  several  excellent  Nlchel-Chromlum 
combinations  there  is  only  one  NICHROME  and  it  is 
made  only  by  Driver-Harri*.  For  Improved  performance 
and  longer  life  in  your  new  products,  specify  Nichrome 
and  other  resistance  alloy,  by  Drlver-Harris.  Tell  u, 
what  you  need.  .Traj,  mo*  »«.  u.  s.  r«t.  on. 


NICHROME 


is  made  only  by 


Driver- Harris 

COMPANY 

HARRISON,  N.  J. 

branches-  Chi«9<>.  ».-»•  Son  frQ"C,,CO' W,U 


■Digitized  by 


Google 


PROOF  BY  TRIAL  . . . that’s 
our  motto.  Before  you  invest  in 
electronic  heating  equipment  you 
should  be  shown  how  any  process 
requiring  heat  can  he  done  belter, 
faster  anti  more  economically  for 
you  with  a Scientific  Electric  unit. 

Our  engineers  will  gladly — without  obligation — 
make  a study  of  the  heating  process  under  considera- 
tion. They  will  then  make  recommendations  sup- 
ported by  practical  demonstrations  on  the  Sj.E. 
heater  best  suited  for  the  job. 

This  procedure  will  enable  you  to  figure  accu- 
rately the  economies  that  will  result;  also  permit  you 
to  estimate  the  time  required  to  pay  for  the  equip- 
ment out  of  resultant  savings. 

You  can  submit  your  heating  problems  to  us  with 
the  assurance  that  absolute  secrecy  will  he  observed, 
if  so  desired.  Investigate  the  advantages  of  applying 
electronic  heating  in  your  manufacturing  operations 
j^iOW.  Consult  with  us  at  your  earliest  opportunity. 

Write  for  free  copy  of 
The  ARC  of  Electronic  Heating 

Manufacturers  of 

Vatuum  Tube  and  Spark  Gap  Converters  SlnC*  1921 


3 KW  DIELECTRIC  HEATER 

Dielectric  Heating  $|5Q0. 
Units  priced  from 

(3  KW  complete) 


. «« 

Induction  H«ot'"9  J|/Dj, 

Unitl  P»ted  ,r0”  e 


DIVISION  OF  "V  CORRUGATED  QUENCHED  GAR  COMPANY 

11*  MONROE  ST.  goBilflfCfei^tKft  GARFIELD,  N.  J. 


•ilk  l 


of  frequency  up  to 
ing  on  power  requ.red. 
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__  £LECTR0NlCS 


£cui&t*<  £Uc&u**Uc4 

PHONOGRAPH  TURNTABLE  UNIT 

Tlic  need  at  this  lime  for  large  quantities 
of  phonograph  turntable  assemblies  has 
prompted  us  to  quickly  design  and  tool 
up  for  the  immediate  production  of  this 
item.  Engineers  will  find  this  compact 
turntable  meeting  all  of  their  require-  . 
ments  for  performance.  We  are  prepared  I 
to  make  immediate  deliveries  and  sug- 
gest that  purchasing  agents  place  their 
orders  at  once. 

PERFORMANCE:  — Correct  and  uni- 
form speed  is  secured  through  the  use 
of  a motor  of  ample  capacity,  preloaded 
to  operate  on  the  flattest  portion  of  the 
torque-speed  characteristic. 

★ * * 


• PRECISION  WIRE  WOUND  RESISTORS 
• WHEATSTONE  BRIDGES 
• RADIO  & ELECTRONIC  TEST  EQUIPMENT 
• RADAR  ASSEMBLIES 


Korect-Ohm  Precision  Wire  Wound  Resistors 

General  Specifications 

KORECT-OHM  Resistors  ere  wound  on  a sectional  Ceramic  bobbin,  tbe 
direction  of  the  winding  being  alternated  on  each  section  so  that  the  resis- 
tor is  non-inductive.  Resistors  can  also  be  inductively  wound  when  required. 

To  insure  stability  Korect-Ohm  Resistors  are  aged  and  treated  to  relieve 
strains  due  to  winding  before  the  final  adjustment  is  made. 

Final  resistance  adjustment  to  an  accuracy  of  better  than  .1%. 
TEMPERATURE  COEFFICIENT.  Resistors  are  wound  with  selected  alloy 
wire  having  a resistance  change  vs.  temperature  of  less  than  .08%  be- 
tween — 55  degree  C and  plus  55  degree  C. 

IMPREGNATION.  A radically  new  material,  INSO-FLEX,  used  for  impreg- 
nating Korect-Ohm  resistors  has  been  developed  by  our  engineering 
laboratory.  This  new  material  has  several  outstanding  advantages,  being 
extremely  flexible  it  does  not  chip  nor  crack  due  to  expansion  or  con- 
traction under  temperature  variations.  INSO-FLEX  has  high  insulating 
qualities  and  is  highly  resistant  to  alkalies  and  weak  acids,  is  resistant  to 
moisture  and  mechanical  shock.  It  forms  an  intimate  bond  between  the 
ceramic  bobbin,  winding  and  lead  wires.  Being  flexible,  the  lead  wires 
may  be  bent  and  formed  without  disturbing  the  moisture-proof  bond 
between  the  lead  wires  and  INSO-FLEX  covering. 

Korect-Ohm  resistors  can  also  be  supplied  impreg- 
nated with  our  anti-fungi  varnish  or  anti-fungi  wax. 


ROTARY  SELECTOR  SWITCH 

Designed  for  use  where  low  contact  re- 
sistance and  mechanical  sturdiness  is 
required.  Its  construction  insures  long 
wear  with  low  contact  resistance  of  less 
thaii  .001  ohm.  May  be  arranged  to  have 
several  sections  to  obtain  multi-polar 
switching. 

Well  suited  for  precision  test  instru- 
ments; shunt  ammeters,  thermo-couple 
types,  Wheatstone  Bridges,  and  similar 
devices. 


Type  C 

Maximum  rest*- 
tone.  500,000 
ohms. 


lype  « - - 

Maximum  resi*- 

tance  1,000,000  lance  1,000,000 


Type  XM 
Instrument  resis- 
tance shunt  .1 
ohms  or  lower. 
25  watts. 


We  will  make  special  resistors  to  any  value  or  tolerance. 
Our  Regular  Line  of  Resistors  are  ready  for  delivery. 


41  CHESTNUT  STREET,  NEW  HAVEN,  CONN 


Boston  Safes  Office 
II  Pemberton  Square 
Tel.  Capitol  2425 


New  York  Sales  Office 
Turney  A Beale 
215-05  27th  Ave. 
Bayside,  Long  Island,  N.Y. 
Tel.  BA  9-S95B 


Chicago  Sales  Office 
Bauman  A Bluxat 
2753  West  North  Ave. 
Tel.  Humboldt  6809 


Los  Angeles  Sales  OfliJ 
Norman  B.  Neeley  P 
7422  Melrose  Ave. 

Hollywood,  Calif. 
Tel.  Whitney  1147 
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HERE  3 CAPACITORS 

do  TWICE  THE  WORK 0/  is 


A MANUFACTURER  of  induction  heaters  re- 
placed 25  mica  capacitors  in  his  resonant  (tank) 
circuit  with  three  General  Electric  HFP  parallel- 
plate,  water-cooled  capacitors.  He  saved  nearly  half 
the  cost  and  space,  and  more  than  doubled  the  kva. 
Result:  a more  compact,  more  powerful,  and  more 
efficient  heater. 

Class  HFP  capacitors,  with  their  two  sets  of  heavy, 
sheet-aluminum  plates,  are  specifically  designed  for 
use  in  resonant  circuits  of  high-frequency  oscillators, 
such  as  those  employed  in  electronic  heaters.  Out- 
standing features  of  Class  HFP  capacitors  are 
compact  construction,  and  ability  to  operate  at 
high  voltages  and  to  carry  heavy  continuous  cur- 
rents at  frequencies  from  50  kilocycles  up  into  the 
megacycles.  The  special  dielectric  is  a new,  stable, 
synthetic  liquid  which  combines  the  desirable 
characteristics  of  low  loss,  high  dielectric  constant, 
and  high  dielectric  strength. 

A coil  of  copper  tubing,  for  water-cooling  the 
capacitor,  is  installed  inside  the  case  in  direct  con- "ST 
tact  with  the  grounded  pair  of  capacitor  plates.  «T- 
Couplings  are  provided  for  connection  to  %-in. 
copper  tubing.  The  cooling  feature  permits  a com- 
pact assembly  and  high  current  rating  per  unit 
volume. 

The  cases  are  of  nonmagnetic  metal,  hermetically 
sealed,  and  flexible  enough  to  take  care  of  thermal 
expansion  of  the  liquid  dielectric.  Capacitance 
tolerance  is  from  plus  5 per  cent  to  minus  5 per  cent 
of  the  rated  capacitance  at  25  C;  Q factor  is  above 
2000  for  full  load  operation  at  frequencies  from  50 
kilocycles  to  one  megacycle.  Internal  inductance  is 
low,  which  gives  resonant  frequencies  from  3 to  9 
megacycles,  depending  upon  the  capacitance  rating. 
Write  for  Bulletin  GEA-4365.  Apparatus  Dept., 
General  Electric  Company,  Schenectady  5,  N.  Y. 

Keep  on  buying  BONDS— and  freep  all  you  buy 


Appreximets 

Maximum 

Dimension! 

Permissible 

Microfarad 

1ms  Werfclng 

in  ln*« 

Voltage 

Current  In  Amp 
at  540  Kilocycles 

A 

c 

2000 

0.025 

170 

1*7/13 

31/3 

0.030 

204 

3000 

0.034 

230 

1*7/33 

31/3 

0.0165 

168 

6000 

0.0075 

153 

117/16 

4 7/1* 

0.01 

204 

IS  7/1* 

47/1* 

6600 

0.009 

202 

0.0029 

• 8 

117/1* 

4 7/1* 

9000 

0.005 

153 

0.0056 

171 

- 

_ ml 
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LIGHT-WEIGHT  TRANSFORMERS 


When  size  and  weight  are  important 
and  weather  resistance  isn't,  G-E  core- 
and-coil  transformers  solve  a lot  of 
electronic-design  problems.  Uniform 
coils,  automatically  wound  over  the  finest-grade  core 
laminations,  are  of  the  same  high  quality  and  give  the 
same  reliable  performance  as  G-E  cased  transformers. 

, Standard  core  and  coil  units  include  60  types  and 
ratings  of  plate  transformers,  106  filament  transformers, 
34  plate-and-fllament  transformers,  and  61  reactors. 
Ratings  up  to  50  kva  (physical  size)  are  wound  on 
standard  laminated  cores;  larger  units  can  be  built  from 
special  parts.  Write  for  Bulletin  GEA-4280. 


"ONLY  IN 


Inside  these  G-E  small  panel  instruments 
are  packed  accuracy  and  reliability 
usually  associated  with  largerG-E  instru- 
ments. They  have  space-saving  internal- 
pivot  construction.  They  respond  quickly.  Accurate  read- 
ings are  easily  made.  The  instrument  weighs  a mere  3 
ounces  and  is  just  I’/z  inches  wide  and  less  than  1 inch 
deep.  Either  watertight  or  conventional  construction  is 
available  for  direct-current,  audio-frequency  and  radio 
frequency  applications.  Write  for  Bulletin  GEA-4380. 


BRACKETS 


A distinct  advance  in  bracket 
design  simplifies  the  mounting  of 
rectangular-cased  G-E  capaci- 
tors. A U-bend  replaces  the  conventional  l-shape  and 
provides  a spring-washer  effect  for  secure  capacitor 
mounting.  At  the  same  time,  it  reduces  strain  on  o 
capacitor  and  chassis,  and  compensates  for  tolerances  in 
capacitor  case  heights. 

For  either  base  or  inverted  mounting,  U-ben  rac  e 
are  available  for  most  G-E  rectangular-case  a-c  and  d-C 
capacitors.  Write  for  Bulletin  GEA-4357. 


Timely  Highlights 
on  G-E  Components 


Capacitors  • Sensitive  control  and  time-delay 
relays  • Limit  switches  • Motors,  dynamotors, 
amplidynes  • Motor-generator  sets  • Alnico 
magnets  ‘Small  panel  instruments  • Formex* 
magnet  wire'Radio  transformers»Switchettes 
• Selsyns  • Chokes  • a/so  tubes,  crysta/s,  p/asfics 
product s,  insulation  materials,  and  many  others 


General  Electric  Company 
Apparatus  Dept.,  Set.  642-10 
Schenectady  5,  N.  Y. 

Please  send  me  the  bulletins  checked: 

GEA-4365 

GEA-4380 


GIA-4280 

GfA-4337 


NAME 


COMPANY 


ADDRESS 


CITY 


STATE 


Googl 
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TROUBLES  SUBSIDE 

It  was  a slow  and  troublesome  job  to  drive  small  slotted 
screws  in  fastening  a pressed  fabric  panel  on  this  electrical 
relay  for  the  P-80  Jet  Plane.  Frequent  driver  skids  gouged 
the  special  fungus-resistant  varnish,  forced  disassembly 
and  junking  of  marred  panels. 


OUTPUT  HITS  STRIDE 

Assembly  of  this  part  was  speeded  up  400%  when  s change 
was  made  to  Phillips  Recessed  Head  Screws.  Fumbling 
was  ended,  and  a spiral  driver  could  be  used,  permitting 
faster  driving.  Driver  skids  were  eliminated,  along  with 
waste  of  parts  and  time  for  disassembly  and  reassembly. 


NEW  STRENGTH  SUPPLIED 

Design  engineer,  favor  Phillip,  Screws,  because  they  not 
only  speed  output  and  reduce  costs  . . . they  also  permit 
design  improvement,  that  add  strength,  often  with  the  use 
of  fewer  screws.  This  advantage  is  especially  evident  in 
compact,  complicated  aswmblies. 


SHOW  IT  WITH  PRIDE 

Wherever  screw  heads  are  exposed,  the  Phillips  Rees* 

adds  a sales  advantage.  No  unsightly  burrs  to  snag  detail 
or  nick  finger,  - and  sidetrack  sales!  Its  ornamental  deep 
blends  with  modem  contour,  - and  it  needs  only  e qusiw 
turn  to  line  up  - looks  well  in  any  position. 


Ift'piutftfld.  —the  engineered  recess! 

In  the  Phillips  Recess,  mechanical  principles  are  so  correctly  spptoj 
I that  every  angle,  plane,  and  dimension  contributes  fully  to  screw-dnvm 

L . , . It’s  the  exact  pitch  of  the  angles  that  eliminates  driver  skids. 

l - ...  It’s  the  engineered  design  of  the  16  planes  that  makes  it  easy  to  apply 

. A full  turning  power -without  reaming. 

\ iRj^l  . . . It’s  the  “just-right”  depth  of  recess  that  enables  Phillips  Screw  H«® 

P^HEl  to  take  heaviest  driving  pressures. 

tv  VarjP**  1 With  such  precise  engineering,  is  it  any  wonder  that  Phillips  Scre*» 

Nv  J speed  driving  as  much  as  50% -cut  costs  correspondingly- 

A To  give  workers  a chance  to  do  their  best,  give  them  Easter’ 

driving  Phillips  Recessed  Head  Screws.  Plan  Phillips  Screws  in 
j mJ  product  now. 

mJm  PHILLIPS  ^SCREWS 

WOOD  SCREWS  • MACHINE  SCREWS  . SELF-TAPP1N6  SCREWS  • $T°VE  601 


American  Straw  Ce..  Pravldenee,  R.  I. 
Atlantio  Screw  Work*.  Hartford.  Cobh. 

Tho  Bristol  Cn..  Waterbury,  Conn. 

Central  8cro*  Co..  Chicago.  HI. 

Chandler  Produett  Corp.,  Cleveland.  Ohio 
Continental  Screw  Co.,  New  Bedford.  Mata. 
Tba  Corbin  Screw  Corp.,  Now  Britain.  Conn. 
General  Screw  Mfg.  Co..  Chicago,  III. 


• • • • • Mods  In  ait  t 

Tba  H.  M.  Harper  Co..  Chleape,  III. 
Intaraatleaal  Screw  Co..  Detroit  Mleb. 

The  La  mien  A Session*  Co..  Cleveland,  Ohio 
Maaufacturan  8crew  Praduett.  Chleape.  III. 
Milford  Rivet  and  Maehlna  Co..  Mllferd,  Conn. 
Tho  National  8traw  A Mf g.  Co..  Cleveland,  Ohio 
Now  England  Strew  Co..  Keono.  N.  H. 

Parker- Kalsn  Corp..  New  York.  N.  Y. 
Pawtucket  Serew  Co..  Pawtuckot.  R.  I. 


fp—  and  food  ttyhf  • • • • * 

'haoll  Manufacturing  Co..  Chleag*.  W. 

Reading  Straw  Co..  Nerrlitewn.  Pe-  -^tCpm»ir.»  T’ 
Rutted  Burdtall  A Word  Belt  A W 

Seevill  Mnnofneturlng  Co..  Watervllle.  » 

Shakoproof  Ine..  Chleape.  !«•  soBtkleft**  ** 

Tho  Southington  Hardwara  *»•  ®*- SU  Com* 
Tha  Steel  Company  of  Canada  Ltd.. 

Wolverine  Bolt  Co..  Detroit  HUH. 


D««.fer  JMS-atCTSON'C 


Digitized  by  LnOOQle 


■ 

- 


fiiejlex  Varnished  Tubing  Products  are  made  of  closely  braided 
ileevings  completely  impregnated  and  treated  with  special  in- 
, witting  varnishes.  A smooth  inside  bore  to  prevent  snagging, 
uniformity  of  size,  complete  roundness,  maximum  flexibility, 
•nd  excellent  ageing  qualities  are  found  in  all  Dieflex  products. 
They  do  not  fray  or  pinch  when  cut. 

Cotton  or  Fiberglas  Base  Tubings  and  Sleevings— Dieflex  Var- 

Inished  Tubing  Products  are  made  both  with  cotton  base  or  glass 
base  braided  sleevings  in  all  standard  grades  and  sixes. 


Djeflex  Varnished  Tubing  Products— both  cotton  and  Fiberglas 
base— are  made  to  meet  and  surpass  the  V.T.A.  and  A.S.T.M. 
standards.  Grade  A-l  Magneto  quality.  Grade  B-l  Radio  quality 
varnished  tubings,  and  Grades  C-l  Extra  Heavily  Coated,  C-2 
Heavily  Coated,  and  C-3  Lightly  Coaled  Saturated  Sleev.ngs 
are  “tops  in  quality.” 

Silirone  Treated  Fiberglas  Tubing s and  Sleeting s are  also  now 
available.  These  are  made  by  impregnating  and  treating  Fiberglas 
Sleevings  with  the  latest  Dow  Coming  high  temperature  resins. 


♦CHICAOO  6 

*03  West  Washington  llvd. 


★CUViUMD  14 

loos  Loader  lullding  MAN 

OTHER  INC  PRODUCTS — 


\mM 


lOnsMiw  Ik 

MILWAUKEE  2,  311  East  Wtawn.ln  *vw» 
DETKOIT  2i  11341  *M*»od  Avwni. 
MINNEAPOLIS  3:  1303  Horm.n  El.c 
PEORIA  5:  101  H.lns  Coort 


*— Mo 


, ,|n,  Vtilslwd  Silk  and  Popw-Flhwalns  P-*1™1  In* 

r*— V-W  V-nW-d  CWh  «<*  V.lconlwd  Plb~  -nd  Fhhp.pw-L.".ln.wd  R,*rtW-Adh«l« 

P-"  — W«d  WWrs  «d  Mh«  ImohHIng 


Popars  tni  - 

. ond  t«P~.  W^hhW, 


Digitized  by 


Google 


Must 


back! 


m\ 


we 


go 


Along  with  many  other  far-sighted  producers,  we  here  at  Marion  fully  intend 
to  maintain  our  wartime  quality  pattern,  and  to  cooperate  in  every  known 
way  to  provide  even  better  products  for  a peaceful  world.  We  endorse  the 
postwar  standardization  program  of  the  Army  and  Navy  Electronics  Stand- 
ards Agency,  and  will  continue  to  manufacture  all  Marion  electrical  indicat- 
ing instruments  in  conformity  with  JAN  specifications.  Our  customers  have 
a right  to  expect  nothing  else. 


It  is  important  to  note  that  continued  adherence  to  the  Electronics  Standards 
Agency  program  need  not  result  in  increased  costs,  either  to  the  manufacturer 
or  the  consumer  . . . while  it  will  definitely  result  in  improved  product  per- 
formance wherever  such  standardized  components  are  used. 


Your  comments  will  be  welcomed. 


We,  the  manufacturers,  engineers,  consumers  of  electronics,  are  part  of  a 
vital,  daring,  visionary  industry.  It  is  with  this  realization  that  we  are  faced 
with  the  responsibility  of  deciding,  at  this  time,  whether  we  can  relax,  or 
whether  we  shouldn’t  give  as  much  to  a world  at  peace  as  we  gave  to  a 
world  at  war. 


1 J_  he  evolution  of  electronics  will  always  remain  a bright  page  in  the  history 
books  of  science.  And  the  record  has  been  significantly  brilliant  during  the 
past  four  years  when  improvements  and  developments  were  advanced  at  a 
faster  rate  than  normal.  With  the  ending  of  the  war,  there  may  be  a few  who 
do  not  feel  the  urgency  to  progress  at  a similar  pace  . . . who  will  be  willing 
to  relax  the  rigid  wartime  standards.  Or  there  may  be  those  who  do  not  too 
accurately  gauge  the  temper  of  the  consumer,  now  in  a mood  to  anticipate 
only  the  best  from  an  industry  which  has  accomplished  such  miracles  in  the 
past  few  jtears. 
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forms,  spacer  rods,  strain 
insulators  and  rotor  shafts  of  steatite  can  now  be 
bonded  in  an  inseparable  union  with  brass,  stain- 
less steel,  silver,  copper  and  other  metals.  These 
shafts  of  steatite  and  metal  are  indicated  wherever 
high  frequency  insulating  material  is  specified. 
Both  electrically  and  mechanically  they  fullfil  the 
most  exacting  requirements.  ...  Centralab  is  now 
equipped  to  supply  metallized  Stea- 
tit©  in  practically  any  form. 

Centplab 

Division  of  GLOBE-UNION  INC.,  Milwoukee 

PKO OUCIIS  Of:  Variable  lle.l.tor.  • Selector 
• Ceramic  Capacitor.,  Fixed  ood  Variable 
Insulators  and  BuMon-typa  Silver  Mica  Capa* 
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A N FITTINGS 


IOPHONE  CONNECTORS 


SYNTHETICS  FOR  ELECTRONICS 


COAXIAL 


A-N  CONNECTORS 
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PREFOCUSED  LAMP  RECEPTACLES 


Comte  tars 


With  a proven  background  of  honorable  service  on 
far-flung  battlefronts  around  the  world,  Amphenol 
components  - greatly  improved  by  wartime  experi- 
ence and  augmented  in  number,  style  and  type— 
ate  now  available  to  normal  markets.  Simplifying 
both  buying  and  selling,  this  wider  selection  of 
high  quality,  tested  items  can  be  procured  from  one 
.manufacturer.  To  know  these  popular  Amphenol 
products  better-write  today  for  the  new  Condensed 
1 Catalog  No.  72. 

AMERICAN  PHENOLIC  CORPORATION 
CHICAGO  50,  ILLINOIS  . 

In  Canada  • Amphenol  Limited  • Toronto 

Connectors  (A-N,  U.H.F.,  British)  • Radio  Parts  . Plastics  for  Industry 
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WITH  the  growing  importance  of  elec- 
tronic heating  and  television,  design 

engineers  can  find  the  solution  to  many  of 
their  capacitor  problems  in  Erie  Ceramicons. 

These  silvered-ceramic  condensers  offer 
advantages  because  of  their  low  inductance 
at  high  frequencies  and  extremely  simple 
construction  that  eliminates  circulating  cur- 
rents tending  to  reduce  power  ratings.  Design 
is  further  simplified  by  the  fact  that  where  re- 
quired, corona  shields  are  incorporated  di- 
rectly into  the  ceramic  dielectrics. 

Erie  Resistor  has  developed  a number  of 
High  Voltage  and  High  KVA  Ceramicons  of 
special  design  and  several  standard  styles 
are  now  in  production.  Included  in  the  above 
group  is  a specially  designed  30,000  volt 


Ceramicon;  a dual  filament  by-pass 
unit  having  conductors  to  cany  325  amps. 

The  standard  Erie  Resistor  High  Voltage  «■ 
ramie  condensers  shown  include  two  style* 
of  double  cup  Ceramicons;  a new  doubleup 
unit  for  television  power  supply  hltrfmg, 
rated  at  500  MMF  and  10,000  volts  P.  U 

two  High  Voltage  feed-thru  Ceramicons;  an 

a High  KVA,  High  Voltage,  multiple  plde 
condenser  comparable  in  size  to  mica  type 
CM75  but  particularly  adapted  to  use  at  very 
high  frequencies. 

Write  for  data  sheets  on  standard  Ene 
Ceramicons  for  television  and  electron! 
heating  applications.  You  are  invited  tome* 
use  of  our  extensive  knowledge  and  » j 
ground  for  the  development  of  spec 
Ceramicons  for  these  applications. 


I 


II 


fee-far  ,M5-B.ECT*0HICS 


Digitized  by  LnOOQle 


TAILOR-MADE  WAVES  FOR  RAPID  TESTING 


The  -bp-  Model  2 10A  Square  Wave  Generator 
is  designed  to  amplify  and  clip  the  tops  of 
• sine  wave,  and  thus  convert  it  into  a wave 
which  has  vertical  sides  and  a flat  top.  When 
the  square  wave  voltage  is  applied  to  the 
amplifier  or  network  under  test,  the  shape  of 
the  output  wave  immediately  shows  up  any 
distottion. 

In  production  testing,  one  or  two  observa- 
tions with  an  ■ hp - Square  Wave  Generator  will 
'accurately  check  the  frequency  response.  In 
development  work,  the  -hp-  Model  2 IOA  shows 
up  phase  shift  and  transient  effects,  both  of 
which  are  difficult  to  study  by  other  methods. 

In  practice,  a wave  which  appears  to  be 
perfectly  square  will  contain  30  or  more  har- 
monics; and  when  the  amplitude  or  phase  re- 


VV/V 


transmission  of  that  circuit,  not  only  at  the 
square  wave  frequency,  but  also  at  frequencies 
far  removed  from  the  test  point.  These  char- 
acteristics are  particularly  important  in  tele- 
vision video  amplifier  work. 

The  output  of  the  generator  is  square  with- 
in 1 percent  over  the  frequency  range  from 
20  cps  to  10,000  cps ; a relatively  square  wave 
can  be  obtained  even  at  100  kc.  The  frequency 
response  of  the  attenuator  is  sufficiently  wide 
so  that  the  output  wave  shape  is  not  affected 
even  at  the  highest  frequencies.  Once  proper 
criteria  have  been  established,  the  -hp-  Model 
210A  Square  Wave  Generator  is  the  modem, 

7\M7 


r.  I— Shows  th e square  wave  distortion  caused 
b Poor  high  frequency  response 

n of  the  harmonics  is  disturbed,  the  square 
e will  be  distorted.  (See  Fig.  I.)  Thus  the 
ication  of  a square  wave  to  a circuit  shows 
irregularities  in  amplitude  or  phase 


Fig.  2 -Low  frequency  phase  distortion  serious 
in  television  video  ciratits 

rapid  means  of  production  testing,  with  the 
speed  and  accuracy  which  are  characterisuc 
of  all  -ip- instruments. 

Write  for  complete  details  on  the  Model 
2 10A.  Ask  for  -hp-  Catalog  No.  17B,  which 
includes  much  valuable  information  on  de- 
velopment and  measurements. 
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OTHER  -hp-  INSTRUMENTS 


REStSTANCE-TUNIO  AUDIO 
OSCIUATOES 

Require  no  zero  setting  . . . Several 
models  available  to  cover  frequency 
ranges  from  2 cps  to  200  kc. 


NOISE  AND  DISTORTION  ANALYXER 
MODEL  USB 

Combines  a vacuum-tube-  voltmeter 
with  a set  of  fundamental  elimination 
filters  for  general  purpose  measure- 
ments of  total  harmonic  distortion, 
noise  and  voltage  level. 


VACUUM  TUBE  VOLTMETER 
MODEL  400A 

Makes  accurate  voltage  measurements 
from  10  cycles  to  1 megacycle,  covers 
nine  ranges,  (.0}  volts  to  300  volts) 
with  full  scale  sensitivity. 
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SCREW  OR  SOLDER  TERMINALS 


0 R-B-M  announces  a new  and  improved  design  of 
magnetic  relays  rated  10  amperes  at  24  volts  D.  C. 
and  110  volts  A.  C.  and  5 amperes  at  220  A.  C.  Re- 
lays rated  at  one  horse  power  single  phase  110  and 
220  volts  A.  C.  Silver  to  silver  contacts.  Self-aligning 
armature.  All  wiring  terminals  accessible  from  front 
Contact  arrangement — single  and  double  pole;  nor- 
mally open,  normally  closed  and  double  throw.  Steel 


mounting  with  A.  C.  and  D.  C.  relay  mounting  dimen- 
sions interchangeable.  Available  in  open  type  or  with 
sheet  steel  general  purpose  enclosure.  Bulletin  510 
on  D.  C.  relays  and  Bulletin  560  on  A.  C.  relays  avail- 
able upon  request.  Write  Department  A-12 . • • 

R-B-M  Manufacturing  Company 

'Division  of 

Essex  Wiee  Cobpobation 

Logansport,  Indiana 
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0 WORLD'S  LARGEST  EXCLUSIVE  MANUFACTURERS  OF  FRACTIONAL  HORSEPOWER  G f A 8 S 0 


SPECIFY  G-S  SMALL  GEARS 


Gears  are  no  better  than  the  skill  of  the  organization  which  produces  them.  No 
branch  of  the  component  part  field  is  so  dependent  upon  craftsmen. . Wise 
buyers  of  gears  know  this  fact  and  buy  not  a gear  but  the  product  of  an  organ- 
ization which  they  know  to  be  qualified  to  produce  superior  work.  That’s  the 
reason  why  G-S  is  the  world’s  largest  exclusive  manufacturer  of  small  gears. 
This  experience  is  not  merely  a statistic  but  is  tangibly  expressed  in  the  ability 
of  our  organization  to  put  the  utmost  quality  in  every  job.  G-S  Small  Gears 
offer  economy,  longer  life,  trouble-free  operation,  smooth  performance,  un- 
failing dependability.  Let  us  discuss  your  Small  Gear  problems  with  you,  now! 
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Callite  tube  parts 


make  General  Electronics’  power  tubes  extra  rugged.  . 


The  DR575A  is  a heavy-duty,  half-wave, 
mercury  vapor  rectifier  manufactured  by 
General  Electronics,  Inc.  for  use  in  in- 
duction heating  apparatus.  Here  these 
tubes  have  proved  their  capacity  to  stand 
up  under  gruelling  conditions  for  thou- 
sands of  hours.  Though  rated  at  15,000 
volts  inverse  peak,  they  are  tested  at 
25,000  volts— providing  an  overload  fac- 
tor in  excess  of  50% . 

The  rugged  strength  of  the  DR575A  is 
built-in  with  Callite  thoriated  tungsten 


filament,  "Kulgrid"  leads  and  molybde- 
num rods.  These  Callite  components  per- 
mit higher  operating  temperatures  with 
increased  emission  efficiencies. 

Callite  thoriated  tungsten  filaments  con- 
tain the  right  proportions  of  tungsten 
and  thoria  to  give  the  required  electronic 
emission,  plus  the  strength  to  withstand 
severe  thermal  shock  and  vibration. 
Callite' s ’’Kulgrid”*  is  a stranded  com- 
posite wire,  having  an  inner  core  of 
copper  bonded  to  a nickel  sleeve,  which 


does  not  oxidize  nor  become  brittle  at 
high  temperatures.  CaHite's  high  purity 
molybdenum  rod  is  known  for  its  excel- 
lent working  properties  and  complete 
freedom  from  oxidation. 

If  you  are  . striving  for  new  highs  in 
tube  performance,  investigate  our  spe- 
cialized abilities  and  complete  facilities 
for  all  kinds  of  metallurgical  compon- 
ents. Callite  Tungsten  Corporation,  544 
Thirty-ninth  St.,  Union  Gty,  New  Jer- 
sey. Branch  Offices:  Chicago,  Cleveland. 


Hard  glass  leads,  welds,  tungsten 
and  molybdenum  wire,  rod  and  sheet, 
formed  ports  and  other  components  for 
electron  tubes  and  incandescent  lamps. 
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anufacturing  facilities  to  produce  Selector 
ecessary  machines  needed  to  perform  assembly 
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BUT  THEY  SAY  CORNING  SUPPLIES 
4 ENGINEERS  WITH  EVERY  ORDER  ! 


HOW  4 SPECIAL  CORNING 
CAN  SAVE  YOU  LOTS  OF 


SERVICES 

GRIEF! 


IT’S  quite  a job  getting  a new  electronic  product  into 
production.  Materials,  methods  and  prices  buzz 
around  your  head  like  a bunch  of  bees.  But  you  don’t 
have  to  solve  your  problems  all  alone.  For  Coming  has 
four  special  engineering  services  to  help  you: 

1.  Sales  Engineers — To  keep  you  in  touch  with  latest  develop- 
ments and  explain  your  problems  to  Coming’s  technical  experts 
for  prompt  solution. 

2.  Product  Engineers — Technical  men  who  translate  Coming 
Research  in  Glass  into  practical  applications  which  may  solve 
your  particular  headaches. 

1.  Plant  Engineers — These  men  are  anxious  to  see  you  get  the 
best  possible  price  on  your  order.  They  often  point  out  changes 
in  design  which  reduce  costs.  . 


4.  Technical  Service  Engineers  — These  men  get  you  itartol 
right.  They  help  your  people  lick  the  production  bugs. 

Of  course,  Coming  Electronic  Glassware  also  means 
thousands  of  glass  formulae  so  you  can  get  the  right 
one  for  your  job.  It  means  Coming’s  unique  metallising 
process  forming  a permanent  bond  between  glass  and 
metal.  Tubes,  bushings,  headers,  etc.,  can  be  soldered 
in  place  to  form  permanent  hermetic  seals.  It  means 
an  entire  plant  at  Bradford,  Pa.,  devoted  exclusively 
to  the  manufacture  of  electronic  specialties  quickly, 
in  large  quantities.  To  get  the  fastest  service  in  solving 
your  pet  problem,  write,  wire  or  phone  Electronic 
Sales  Department,  E-12,  Technical  Products  Division, 
Coming  Glass  Works,  Coming,  New  York. 


Mete — The  met  alii  Med  Tubes  and  Bushin'gs,  Headers  and  Coil  Forms  below  are  all  made  by  the  famous  Corning  Metallising 
Process.  Can  be  soldered  into  place  to  form  true  and  permanent  hermetic  seals.  Impervious  to  dust,  moisture  and  corrosion. 
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Metallised  Tubes  for 
resistors,  capacitors, 
etc.  20  standard  sites 
4'  x 2”  to  I'i’  x I(T. 
Mass-produced  for 
immediate  shipment. 


Metallised  Bushings. 
Tubes  in  10  standard 
sites,  **'  x H*'  to  I’ 
x 47e*  in  mass  pro- 
duction for  immedi- 
ate shipment. 


i 
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Headers — The  best 
way  to  get  a large 
number  of  leads  in  a 
small  space  for  as- 
sembly in  one  oper- 
ation. 


Eyelet  Terminals  — 
Single  or  multiple 
eyelets  permit  design 
flexibility.  Standard 
items  readily  avail- 
able in  quantity. 


Coil  Forms — Grooved 
for  ordinary  fre- 
quencies— metallised 
for  high  frequencies. 
In  various  designs 
and  mount  ings. 
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••PYRF.V.  -VYCOR”  nn.V  rnKMMT  ore  rmgu  Cried  trademarks  anJTndicate  manufacture  by  Corning  t.lass  Works.  turning.  N.  T 
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5 MONOGRAPHS  AVAILABLE 

I.  loud  Speaker  Frequency-Response  Measurements 
Impedance  Matching  and  Power  Distribution. 

3*  Frequency  Range  in  Music  Reproduction. 

The  Effective  Reproduction  of  Speech. 

Horn  Type  Loud  Speakers.  Each 

fREE  to  the  Armed  Forces,  Colleges,  Technical  Schools,  Libraries, 


JENSEN  RADIO  MANUFACTURING  COMPANY  • 6607  SOUTH  LARAMIE  AVENUE,  CHICAGO  38,  ILLINOIS 

IN  CANADA-COPPER  WIRE  PRODUCTS,  LTD.,  137  RONCESVALLES  AVENUE,  TORONTO 
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iWITH  THIS  FAMOUS 
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his  distinguished  trade  mark  in  the  electrical  wire  and  cable  industry  is 
nee  again  the  hallmark  of  quality  on  Cords  and  Cord  Sets, 
ieneral  Cable  research  and  advanced  engineering,  plus  expanded  facilities 
„d  war-developed  techniques  have  been  adapted  to  the  product™  of 
ards  and  sets  that  represent  entirely  new  standards  of  quality  and  value, 
whatever  your  requirements  may  be,  General  Cable  is  now  ready  to 
trve  you  with  a complete  line  of  quality  cords  and  cord  sets. 

general  cable 


A T I o N 


CAMI 


c i n/Scer  are  located  at  Atlanta,  Boston,  Buffalo,  Chicago, 

° a~*?  ° J IN  y,  a.  1.1,,  Sw  Sot*.  Wohiw.  to.  C) 

Philadelphia,  Pittsburgh,  Rome  (N.T.J, 
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This  ISC  Flame  Cutting  Machine  is  Equipped 
with  Thirteen  Clare  "gutfo**  - gWfc"  Relay; 
. . . accurate,  responsive,  flexible! 


Custom-Built"  Relays  are  used  in  the  operationof 
^^^Tlame  Cutting  Machine  which  is  used  for  oxygen-acetylene  buri 
in  shipyards  and  steel  works. 
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These  Clare  Relays  operate  on  electronic  impulses  to  start,  stop,  revet* 
and  jog  the  3-phase  A.  C.  motors  which  connect  and  disconnect  auxiliary 
circuits  for  various  automatic  and  manual  operations  in  the  cutting  process 

This  Flame  Cutting  Machine  is  a product  of  the  Struthers  Wells  — , 
tion  of  Titusville,  Pa.,  under  license  of  the  Industrial  Scientific  Com; 
of  New  York  City,  designers  of  the  machine. 

Whether  your  design  problem  involves  sequence  control  of  machine  tools, 
electric  eye  controls,  counting  equipment,  alarm  systems,  radio,  radar  Of 
other  electronic  controls,  Clare  can  "custom-build”  a relay  to  meet  your 

exact  requirements. 

* 

Let  Clare  engineers  know  your  specific  relay  problems.  Let  them  show 
you  the  wide  range  of  contact  arrangements,  spring  assemblies  and 
special  contacts  that  can  be  "custom-built”  into  a Clare  Relay  to  meet 
your  specifications. 

Write  for  the  Clare  catalog  and  data  book  today.  It  will  pay  you  to  know 
all  about  Clare  "Custom-Built”  Relays  and  what  they  can  mean  toyo«m 
the  reduction  of  relay  costs.  Address:  C.  P.  Clare  & Co.,  4719  W* 

in  all  prindpd  __ 

m 


Sunnyside  Avenue,  Chicago  30,  Illinois.  Sales  engineers 
cities.  Cable  address:  CLARELAY 
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Tit  in  truck  trill  terre  longer  ttiilt  lett  ten-icing  becaute 
of  the  Klattic  Stop  Nutt  on  tlrive-thaft , cab  tupportt , 
petlal  thaflt,  engine  tupportt  anti  other  parlt. 


Making  headline  news  among  galea 
executive*  the  country  over  i*  the 
Elastic  Self-Locking  Stop  Nut,  the 
nut  with  the  famous  red  collar. 

For  sale*  executive*  are  quick  to 
recognize  top-merit  feature*  that  add 
sale*  appeal  and  widen  public  accept- 
ance. The  nut  with  the  red  collar,  the 
hold -fast  nut,  add*  value  to  truck*, 
passenger  cars,  vacuum  cleaners, 
lawn  mowers,  radio*  and  a host  of 
other  things  because  it  assures  longer, 
trouble-free  service. 

In  industry,  in  the  home,  in  office, 
factory  and  on  the  farm,  red-collar 
nuts  are  finding  thousands  of  new 
applications — holding  fast  wherever 

elastic  stop  i 


vibration,  shock,  impact  or  other 
loosening  influences  could  cause 
trouble  of  any  sort,  from  individual 
annovance  to  multiple  fatalities.  The\ 
simply  won't  come  loose.  Not  until 
vou  take  a wrench  and  deliberately 
remove  them.  Then  they  turn  off 
readily,  for  the  metal  threads  are 
sealed-free  of  rust. 

Tough  and  resilient,  the  red  collar  is 
unthreaded  and  gauged  sightly 
smaller  than  the  bolt.  Bolt  threads 
force  their  way  in,  do  not  cut,  and  a 
friction  grip  is  set  up.  This  overcomes 
the  effects  of  vibration  and  other 
loosening  forces— and  because  the 
collar  retains  its  gripping  power,  the 
nnti  may  be  used  over  and  over  again. 

UT  CORPOE AT  I 

Onion,  Jonoy 


An  application  engineer  will  be  glad 
to  call  on  you  and  discuss  wayg  Elastic 
Self- Locking  Stop  Nuts  can  help  you. 


LOOK  FOR  THE  RED  C01UR 

THE  SYMBOL  OF  SECURITY 
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Optics  to  order— by 

Every  component  in  this  picture  is  as  precise  as  a top- 
flight craftsman  could  have  made  it  by  hand.  But  each 
and  every  one  of  them  was  produced  in  large  quanti- 
ties. Furthermore,  they  were  all  made  to  order  for  ex- 
acting customers  to  meet  rigid  specifications. 

Modern  machines,  of  our  own  improved  design,  oper- 
ated and  controlled  by  highly-skilled  American  workers, 
enable  us  to  produce  precision  optics  at  a high  produc- 
tion level.  The  result  is  fine  quality  at  a saving. 

Our  compact  group  of  trained  technicians  is  ready  to 
go  to  work  for  a few  additional  manufacturers.  But,  as 


AMERICAN  methods 

I ^ 

reconversion  progresses, our  plant  becomes  increasingly  I ^ 
busy.  Those  who  need  optics  should  readily  see  ■ e I 
wisdom  of  making  their  requirements  known  to  us 
an  early  date  so  that  we  can  give  them  the  PrornP' 
service  demanded  by  these  times. 

A new  booklet,  "Precision  Optics  by  American  Methods 
tells  how  our  company  has  developed  optical  mow  I 
facturing  techniques,  why  we  continue  to  concentrate 
all  our  efforts  on  the  production  of  precision  optics  I ^ 
others,  and  how  we  can  be  of  exceptional  service  • 
those  who  need  optical  components.  Weshall  bepk°se 
to  send  you  a copy  of  this  new  booklet  on  request 


for  precision  OPTICS  come  to 

AMERICAN  LENS  COMPANY,  INC. 

45  Lispenard  Street,  New  York  13,  N.  Y. 
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YES,  IT’S  HERE  FOR  YOU  — 


SECTION  THROUGH  CONNECTOR 


(OCOUPLING  GASKET 


\3)COUPLING 


and  it  really  is  the  UG-27/U  angle  con- 
nector, made  to  the  latest  JAN  specifica- 
tions. DICO  engineering  and  technical  skill 
have  put  it  into  mass  production  for  you 
and  have  made  it  available  for  delivery  in 

quantity  now.  Thus  another  supposed  impossibility  has  become  possible;  and 
this  is  only  one  example  of  what  can  be  done  through  the  unsurpassed  facili- 
ties that  DICO  offers  you.  Our  representative  will  call  for  consultation,  at 
your  convenience,  without  obligation. 

PRODUCT  ENGINEERING,  DESIGNING,  DEVELOPMENT? 
GOLD  AND  SILVER  PLATING?  SOLDERING,  WELDING, 
CASTING,  ASSEMRLING,  FINISHING. 


-©CONTACT  (MALE) 


©CONTACT  (FEMALE) 


-rtcS)SOfT  SOLDER 


DIAMOND 

INSTRUMENT  CO. 

WAKEFIELD-  MASSACHUSETTS 
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Efficient— reliable-above  all,  QUIET— 

that’s  the  Ballentine  Phonograph  Drive. 
Basic  refinements  in  design,  precision 

dynamic  balance,  the  most  advanced 
manufacturing  technique  and  equipment  make 

the  Ballentine  Phonograph  Motor  unequalled 
for  low  background  noise  or  rumble. 

Send  for  descriptive  bulletin. 


RUSSELL  ELECTRIC  COMPANY 

364  WEST  HURON  ST.,  CHICAGO  10,  ILL. 

BALLENTINE  PHONOGRAPH  DRIVE 


70 


Dtxnbsr  I US  - ELECTRO^ 


Digitized  by 


Google 


ill,  010- 
jp.pKOW" 

»d^ftlstf 

otf*ocmobk 


PANTf 

|0.  I*'*' 

i p0 


We  tall  it  " LIGHT  FANTASTIC 


. a transformer  head®*1  for  65,000  feet 
tltude”  ...  at  350  degree*  temperature! 

1 to  top  it  off,  it  had  to  be  "lighter  than  anything  on 
market,”  ‘they  said.  What,  we  asked,  was  it  for.  They 
ildn’t  tell  us,  and  we  don’t  know  to  this  day,  ut  we  o 
>w  it  was  badly  needed. 


has  to  operate  not  only  on  a 60-cycle  current  at  ground 
1,  but  from  400  to  2600-cycle  current,  and  what  s more, 
simulated  altitude  of  65,000  feet. 


we  ever  did,  in  the  not -mysterious  method  in  wh 
built  all  of  our  tansformers. 


•For  tenons  of  miliitry  security  nemes  cennot  be  given. 


Thermador  built  this  special  transformer  equipment,  t 
passed  the  above  mentioned  requirements.  That  wasn  t 
enough.  They  gave  it  another  test,  in  which  they  c ange 
the  temperature  from  ambient  (the  temperature  o a air  y 
warm  room)  to  350— in  two  hours.  It  passed  that  test,  too. 
Hus  is  all  we  know  of  one  of  the  most  mysterious  jobs 


THERMADOR  IIICTRICAI  MANUFACTURI 

j,1,  SOUTH  ilVIMIUi  • I0J  ANOIIU  M,  t*l 


more  efficient 
. . . in  miniature 


less,  making  Miniatures  more  rigid. 

This  helps  to  eliminate  distortion  actCalS8 
from  vibration. 

When  planning  new  electronic 
devices  or  when  improving  old  ones, 
discuss  circuits  and  tube  selection  with  TunQj 
engineers.  Their  services  are  at  your  disposiL 
conferences  are  held  in  strictest  confidence. 


1 he  cast  iron 
pump  was  modern  two  or  three 
generations  ago.  It  was  a big  improvement  over  the 
old  oaken  bucket.  But  today  we  use  a comparatively 
small  faucet  that  supplies  water  at  a twist  of  the  wrist. 
It  is  another  milestone  on  the  road  to  greater  efficiency 
in  miniature. 

This  same  tendency  is  evident  in  the  development  of 
the  Electronic  Tube.  The  Tung-Sol  Miniature  is  the 
result  of  the  trend  to  smaller  component  parts.  It  is 
used  to  great  advantage  in  reducing  the  over-all  size 
of  equipment.  But  more  important,  Tung-Sol  Minia- 
tures do  a more  efficient  job  than  the  old  style  tube; 
especially  in  high  frequency  circuits.  They  have  a low 
capacity  and  high  mutual  conductance.  Shorter  leads 
give  them  low  inductance.  Smaller  elements  weigh 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  Jl 
Also  Manufacturers  of  Miniature  Incandescent  Lamps , AU-Glass  Sealed  Beam  Headlight  Lamps  and  Current 
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USE  STANDARD  PARTS-SAVE  TIME  AND  MON l 


i 


1UTOMATIC 

manufacturing 


For  many  years 


Automatic  has  manufactured 


Coils  and  Trimmers  for  manufacturers. 


Our  mass-production  methods 


will  save  you  money  and  headaches. 


Order  your  Coils  and  Trimmers  from 


people  who  "know  how 
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GROUPED  about  the  widely  acclaimed  Two-million-Volt 
Precision  X-ray  Tube  are  other  Machlett  tubes  for  medical, 
industrial  and  radio  purposes.  In  each  of  these  tubes  are  incor- 
porated the  inherent  skills  employed  by  Machlett  in 
the  development  of  this  unique  tube.  They  are  your 

assurance  of  long  life,  ruggedness 

- 

and  dependability  in  whatever  field  . 

•hey  are  used.  Machlett  Laboratories, 

I _ 

Inc.,  Springdale,  Connecticut.  ' 


APPLIES  TO  RADIO  AND  INDUSTRIAL  USES 
ITS  YEARS  OF  ELECTRON-TUBE  EXPERIENCE 
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If  your  product  requires  WIRING  cations.  When  your  men  install  the 
HARNESSES.  .CABLE  ASSEM-  completed  assemblies  they  will  find 
BLIES  BONDING  JUMPERS...  every  lead  and  every  terminal 
CABLE  or  TERMINALS— you'll  find  properly  positioned  for  the  right 
that  a lower  cost  of  manufacturing,  connection.  The  economies  gained 
at  a fixed  production  cost  to  you,  is  will  be  big  factors  in  enabling  you 

ne  of  many  advantages  Whitaker  to  lower  your  cost  of  manufacturing. 

,,  In  addition  to  an  engineered  wir- 

offers  you. 

In  turning  the  production  of  your  ing  service,  Whitaker  also  offers  a 
wiring  requirements  over  to  us  you  quality  line  of  standard  cable  prod- 
assured  quality  merchandise  ucts  ...  Write  for  latest  catalog,  aw 
made  to  the  most  exacting  specifi-  complete  information. 


are 


WHITAKER  CABLE  CORPORATItl 

General  Offices:  1307  Burlington  Avenue,  Kansas  City  16,  Missoun 
Factories:  Kansas  City,  Mo.«  St.  Joseph,  Mo.» Philadelphia* Oakland 
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However,  cellulose  acetate  insulation  can- 
not be  overlooked,  particularly  for  low  temperature  coils 
exposed  to  severe  humidity  conditions.  Cellulose  acetate 
is  one  of  the  few  insulating  materials  that  will  not 
ionize  and  atttack  the  copper  magnet  wire  in  the  pres- 
ence of  moisture  so  that  it  plays  an  important  role  in 
the  insulation  of  extremely  small  magnet  wire  coils. 


RICAL  parts  and  products  from  the  small- 
ze  to  the  largest,  can  be  effectively  protected 
inst  electro-chemical  corrosion  by  use  of  Lumarith 
“A  (celhdose  acetate)  insulation. 

Lumarith  CA  is  available  in  these  forma: 
hints,  foils  and  sheets 
extruded  rods  and  tubes 
molding  materials  for  injection  and  extrusion 


Lumarith  CA  has  these  additional  advantages: 
high  dielectric  strength 
resistance  to  salt  water 
resistance  to  mildew  and  fungus 
resistance  to  transformer  oils 
high  arc  resistance 

Use  Lumarith  films  and  foils  for  interlayer  insulation, 
inter-phase  insulation,  slot  insulation,  coil  wraps  and 
covers,  laminates,  wire  insulation.  Special  A78  mat  fin- 
ish (one  side)  can  be  supplied. 

Use  Lumarith  sheets,  rods,  lubes  and  molding  materials 
for  coil  forms,  separators,  bus  bar  insulation,  radio  and 
instrument  housings,  fluorescent  lighting  parts,  formed 
insulators,  bezels,  coil  supports,  nameplates,  switch 

gear  windows. 

Lumarith  CA  is  a product  of  Celanese  research.  Write 
for  latest  Celanese  electrical  booklet.  Celanese  Plastics 
Corporation,  a division  of  Celanese  Corporation  of 
America,  180  Madison  Avenue,  New  York  18,  N.  Y. 
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WILCOLOY  offers  Longer  Contact  Life . . . Gi 
Resistance  to  Interrupting  Loads,  and  mat)/ 
advantages  for  high  current  applications. 


PROPERTIES  AND  CHARACTERISTICS— \HL(  l ^ 

Silver  Tungsten,  Copper  Tungsten,  Silver  Graphite,  Sis 
Molybdenum  and  other  WILCOLOY  contact  miimJ 
assure  a degree  of  longevity,  and  thermal  and  drctiil 
properties  not  possible  to  materials  previously  usd  I 
applications  subject  to  severe  current  interruptions. 

These  Sintered  Powder  Metal  Contacts  offer  a cinder  t 
properties  including  ductility,  hardness,  density,  frmkt 
from  sticking,  low  metal  transfer,  high  conductivity  and* 
resistance.  They  perform  uniformly  and  dependably  i 
heavy  duty  circuit  breakers,  both  air  and  oil  relays. airml 
units,  motor  brushes,  commutator  segments,  fuse  repine 
ment  units  and  other  specialized  applications. 

CONSULT  OUR  ENGINEERING  DEPARTMENT— 

Vi  rite  our  Engineering  Department  for  help  in  develop* 
the  proper  application  of  WILCO  materials  to  your  pr<  dueiJ 

SEND  FOR  WILCO  BLUE  BOOK— The  Blue  J 

contains  descriptions  of  most  WILCOLOY  Sintered  Powderl 
Metal  Contacts  and  other  WILCO  products.  Send  1* 
FREE  copy  today. 


WILCO  PRODUCTS  INCLUDE 


PRECIOUS  METAL  COUKTOt 
RINGS— 

For  routing  controls 

SILVER  CUD  STta- 

JACKETED  WIRE— 

Silver  on  Sleet,  Copper, 
Invar  or  other  coouiiiut»i!l 
requested, 

ROLLED  GOLD  PLATE 
SPECIAL  MATERIALS 


CONTACTS— 

Silver 

Platinum 

Tungsten 

Alloys 

Sintered  Powder  Metal 


THERMOSTATIC  BIMETAL— 

AU  Temperature  ranges, 
deflection  rates  and  electrical 
resistivities. 


THE  H.  A.  WILSON  COMPANT 

LWIILSJ  105  Chestnut  Street,  Newark  5.  N.  ]. 

Branch  Offices:  Chicago  < Detroit  • Lot  Anjrla  ® 

SPECIALISTS  FOR  30  YEARS  IN  THE  MANUFACTURE  OF  THHMOMUll 
ELECTRICAL  CONTACTS  • PRECIOUS  METAL  EIMETAUIC  PtODl'C! 
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GENERAL  OFFICE: 

st 


Mw  Ctitdtuser  Do. 
Ltd 

Ollftrio  St 

TjUHMo'Otttirio. 

Canada 

"**d«  tundmir  Co. 
4447  draitip  lit 

..  Cdicito  «.  Illinois 

todh'tiWwMr  Co. 
f 3415  ».  ftji  S(,*et 
*«  Aagelts  5,  Cal. 


Mlo  Candigsar  Co. 
♦28.  iiiMttin  In. 
Hew  latt  |).  *.  j. 


Radio  Coodenscr  Co. 
Export  Department 
IS  Mam  Street 
Maw  Tart  «,  4 t.  . 
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Variable  Capacitor 
•HOW  makes  a difference! 

We  design  and  build  ONLY  variable  capacitor* 
and  mechanical  tuning  devices. 

This  factor,  more  than  any  other,  has  con- 
tributed to  the  high  degree  of  R/C  specialized 
knowledge  in  the  field  of  variable  capacitor  design 
snd  manufacture. 

With  a history  of  almost  a quarter  of  a century 
suppliers  to'  the  set  manufacturing  industry, 
Radio  Condenser  Company  offers  the  most  com* 
plete  engineering  background  in  variable 
and  mechanical  tuning  devices. 

*AOIO  CONDENSER  COMP 

CAMDEN,  N.  J. 

RADIO  CONDENSER  CO.,  Ltd.,  Toronto, 


RADIO  condense 

suppliers  ro  set  manufacturers  only 

a«"IO»KS_lw„ 
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Collins  12Z 
Remote  Amplifier 

A high  quality  four  chan- 
nel remote  amplifier,  a.c.* 
d.c.  powered.  The  d.  c. 
source  consists  of  self- 
contained  batteries  which 
take  the  load  automatically 
in  case  of  a.c.  line  failure. 
Gain,  approximately  95  db. 
Frequency  response,  30- 
12,000  c.p  s.  * 1 db.  Power 
output,  50  milliwatts. 
Weight,  with  batteries  and 
carrying  case,  32  pounds. 


The  new  Collins  300G-1  AM  broadcast  transmi 
is  an  operator’s  ideal.  Its  components  an  tkj 

available,  with  very  high  safety  factors,  and  all  are  completely  and i 
accessible.  Replacements,  if  necessary,  are  just  a quick,  simple  one-man  job!  b 

Circuit  design,  physical  arrangement,  and  workmanship  throughout,  meet  b| 
superior  standards  which  station  engineers  have  come  to  expect  of  Collins  engsate 

The  nominal  power  output  of  the  300G-1,  250  watts,  can  be  reduced  to  1# 
by  means  of  a switch  on  the  control  panel.  The  response  is  flat  within  * 1.5  * 
from  30  to  10,000  cycles.  Distortion  is  less  than  3%  up  to  100%  modulatke. 

Tell  us  about  your  plans.  We  will  be  glad  to  study  them  with  you  and  make » 
ommendations  covering  requirements  for  your  entire  station,  AM  or  FM,  and  of  BJ 
power.  Collins  Radio  Company,  Cedar  Rapids,  Iowa;  11  West  42nd  Street,  Jin 
York  18,  N.  Y.  In  Canada,  Collins  equipment  is  sold 
by  Collins-Fisher  Limited,  Montreal. 


broadcast  QUALITY,  IT’S  . . . 
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Radacor  Iron  Cores  used 
in  these  Meissner  I.  F.  trans- 
formers permit  higher  "Q" 
with  a resultant  increase 
in  selectivity  and  gain. 


Class  C 
Class  C 


ntionol  30  wall 


zza  KAAR  FM-50X  • SO  wall 


STANDBY  DRAIN 
24  HOUR  PERIOD 

AVERAGE  TOTAL 
BATTERY  DRAIN 
24  HOUR  PERIOD 


55.2  AMPERE  HOURS 


i i i I r 

0.0  AMP.  HRS.  — YET  READY  TO  TALK  INSTANTLY  I 

I i I 1 I 


56.8  AMPERE  HOURS 


2.2  AMPERE  HOURS 


This  chart,  prepared  by  Kaar  Engineering  Co.,  is  based  on  typical  metro- 
politan police  use  of  140  radiotelephone-equipped  cars  operating  three 
shifts  in  a city  of  600,000  population.  The  24-hour  survey  included  90 4 
messages  originated  by  cars  and  932  messages  acknowledged  by  cars. 
Transmissions  averaged:  13  per  car,  15  seconds  in  length,  and  3 minutes  15 
seconds  transmitting  time. 
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OLDEST  MANUFACTURER  SPECIALIZING  IN  RADIO  RECEIVING  TUBES 


MAIN  OFFICE:  SALEM.  MASSACHUSETTS 
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filaments  of  the  Hytro"  Ucation  of  all  potentials, 
permit  simultaneous  PP  filament  current  is 

During  stand-by,  no  P Especiany  with  the 
drawn  from  the  y f FM  transmitters,  is 

larger  tube  ^P™^  mandatory. 

conservation  of  baUery  PO  Qnly4%of 

MORE  OUTPUT— GRI *lhode  types,  is  necessary 

the  current  required  for  cthod  Wj*  hy69i  and 

to  operate  the  ins  \ Even  in  a mobile 

..  «u  AMPLIFIED  Using  the  2E25, 
SPARES  PROBLEM  fuu  advantage  of 

HY69,  and  HY1269,  y t k ^ 2E25_  f 

the  beam  tetrodes ; ‘transmitter-AF  and 

example,  can  power  a output  is  required, 

HY1269’s  in  push-pull^  confine  the 
spares  Complement  to  only  two  *^e*’  ^ 

ADVANTAGES  OVER  CATH  than 

the  2E2S.  Not  only 

cathode  types.  But  th'y  and  permit  larger 

*"  ,h'y  rss  £'  ■”»  "*'rf 

outputs,  but  they  advantages  are:  centering 

for  transmitting.  Sotn  shielding  to 

eliminate  the  necessity  connection  to 

loss  insulation  throughout,  plate 
Z cap,  and  rugged  construction. 


CATTERY  DRAIN  OF  A CONVENTIONAL  TRANSMITTER  AND  KAAR 
FM-50X  EQUIPPED  WITH  HYTRON  INSTANT  - HEATING  TUBES 


HY69 

6.0 

1.6 

600 

100 

30 

0.25 


ABBREVIATED  DATA 

HYTRON  INSTANT-HEATING  BEAM  TETRODES 

Characteristic  2E2S  HY69  HY1269 

Filament  Potential  (volts) 

Filament  Current  (amps.) 

Plate  Potential  (max.  volts) 

Plate  Current  (max.  ma.) 

Plate  Dissipation  (max.  watts) 

Grid-to-Plate  Capacitance 
(mmfd.) 

Maximum  Seated  Height 
(inches) 

Maximum  Diameter  (inches) 

Power  Output  (watts) 
ving  Power  (watts) 


2E25 

6.0 

0.8 

450 

75 

15 

0.15 

3 5/8 
1 7/16 
24 


5 1/4 
2 1/16 
42 


6/12 

3.2/I.6 

750 

120 

30 

0.25 

5 1/4 
2 1/16 
63 


Less  than  one  watt 


$3.95 


101  SERIES 


WITH  RACK  PANEL  OR  WALL 
NTING  ACCESSORIES 


Input  impedance  600  ohm*  and  bridging.  Gain 
600  ohm  input  61  db.,  bridging  input  46  db.  Fre- 
quency re* pome  30  to  1 6,000  c.p.».  either  input— 
600  ohm  output  * . J db.,  30  ohm  output  =*  1 db. 
Power  output— production  run  overage;  +47 
V.U.  with  leu  than  3%  RMS  harmonic  content. 


TYPE  201  - A wan 

Mewling  Cabinet  permit*  whrenal  bmtalta- 
tten  el  101  Serfee  Amplifier*  to  any  flat  wr- 
foce.  Wei  ventlated  and  deigned  for 
moxlmwi  occeeelbllly  for  lervkbtg  end  con- 
venience of  Iwtoletlen.  Standard  obmdnwi 


TYPE  7-A  Modification 

bleep  perm**-  101  Series  AmpHflert  lo 
fhoent  on  Pendard  19"  telephone  relay 
tadu.  Occeplee  1214"  rock  *pece.  Alow* 
•errldng  from  front  of  rath.  Standard 
■heebie  m gray  fMdi 


THE  TYPE  101  Series  Amplifiers  ore  the  results  of 
twenty  years’  experience  In  the  sound  engineering  field. 
They  are  identical  with  the  exception  of  the  output  coil. 

Type  101 -A  has  output  impedance  adjustments  to  match 
loads  from  1 to  10Q0  ohms  and  possesses  excellent  low 
frequency  waveform  at  high  output  levels. 

Type  1 01 -B  with  a single  nominal  6 ohm  output  is  intended 
for  use  with  wide  range  loudspeakers  representing  an 
8 to  16  ohm  load.  Hs  output  coil  with  a single  secondary 
provides  improved  efficiency  and  even  better  waveform 
at  high  levels  off  low  frequencies. 

Type  101-C  answers  the  demand  for  a good  amplifier  at 
lower  cost.  This  lower  cost  is  obtained  by  the  use  of  a 
less  expensive  output  coil  with  the  only  change  being 
that  the  low  frequency  waveform  is  not  as  good  as  the 
A or  B types  but  is  equal  to  or  better  than  any  contempo- 
rary commercial  amplifier. Output  Impedance  is  adjustable 
to  loads  of  1 to  1000  ohms. 
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MYCALEX  400 

WITHSTANDS  HIGH  TEMPERATURES 

An  outstanding  characterhtic  of  MYCALEX  400  is  that  it  con  withstand 
temperatures  above  400°  C.  without  softening  or  any  permanent  change 
in  dimensions  or  properties. 

Thus  MYCALEX  400  has  proved  of  great  value  as  a low  loss  insulator  in 
communications  and  other  high  frequency  apparatus  intended  for  use  at 
elevated  operating  temperatures. 

MYCALEX  400  is  Inorganic,  free  of  carbonization . . . impervious  to  oil 
and  water. ..not  subjtet  la  cold  flew.  It  mtets  all  Army  and  Navy 
specifications  as  Grade  L-4  material  (JAN-HO).  it  combine*  law  Imafac- 
ter  with  machinability  to  elate  totarancte.  In  shtet,  and  rods.  Fabricated 

to  specifications. 

c E 1 *7p"\ 


^THI  IN^UtATOj_ 

TUM  MAMM  IttB  l MT.  Off 


OTHER 

MYCALEX 

CORPORATION 

PRODUCTS 

• 

MYCALEX  K 

A series  of  ceramic  capact* 
tor  dielectrics,  wtth  dieleo 
trie  constant  soloctable 
from  • to  19.  Law  power 
factor,  high  dielectric 
strength.  Meets  Army  and 
Navy  requirements  as 
Clam  H material  (JAN-I- 
12).  To  specifications. 

MOLDED  MYCALEX 

Law  loss,  high  tempera- 
tore  Injection  maided  In- 
sulation. Molded  In  union 
with  metals  In  Irregular 
shapes.  High  production 
rates  result  in  economical 
pricos. 

MYCALEX  K and  MOLDED 
MYCALEX  will  also  with- 
stand 400*  C. 


MYCALEX  CORPORATION  OF  AMERICA 


Plant  and  General  Offices,  CLIFTON,  N.  J. 


Owners  of ^^rockefeller  plaza,  new  york  20,  n.y. 
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(Left  to  right)  The  operator  punches  the  prehlee 
data  art  tape,  which  is  ted  into  the  computer.  fl» 
eolation  emerges  in  the  teletype  receiver.  kelep 
which  figure  out  the  problem  look  like  your  dial 
telephone  system. 


In  designing  the  gun-control  systems 
which  shot  down  enemy  planes,  Army 
ballistic  experts  were  laced  by  long 
hours  of  mathematical  calculations. 

So  Bell  Laboratories  developed  an 
electrical  relay  computer.  It  solved 
complicated  problems  more  accurately 
and  swiftly  than  40  calculators  work- 
ing in  shifts  around  the  clock. 

Resembling  your  dial  telephone  sys- 
tem, which  seeks  out  and  calls  a tele- 
phone number,  this  brain-like  machine 
selects  and  energizes  electric  circuits  to 


correspond  with  the  numbers  fed  in. 
Then  it  juggles  the  circuits  through 
scores  of  combinations  corresponding 
to  the  successive  stages  of  long  calcula- 
tions. It  will  even  solve  triangles  and 
consult  mathematical  tables.  The 
operator  hands  it  a series  of  problems 
with  the  tips  of  her  fingers  — next 
morning  the  correct  answers  are  neatly 
typed.  Ballistic  experts  used  this  calcu- 
lator to  compute  the  performance  of 
experimental  gun  directors  and  thus  to 
evaluate  new  designs. 


In  battle  action,  Electrical  Gun 
rectors  are,  of  course,  instantaneous 
Such  a director  helped  to  make 
port  of  Antwerp  available  to  our  ad- 
vancing troops  by  directing  the  gu® 
which  shot  down  more  than  90  1 
the  thousands  of  buzz  bombs. 

Every  day,  your  Bell  System  tele 
phone  calls  are  speeded  by  ealeu  ators 
which  use  electric  currents  to  do  sums. 
Even  now,  lessons  learned  from 
relav  computer  are  being  aPP 1 
the  extension  of  dialing  over  to  m 


fjy  BELL  TELEPHONE  LABORATORIES 

ttvid 

EXPLORING  AND  INVENTING,  DEVISING  AND  PERFECTING  FOR  CONTINUED  IMPROVEMENTS  AND  ECONOMIES  IN  TELEPHONE  S 
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When  a real  capacitor  problem  arises,  engineers 
turn  to  Cornell-Dubilier  first. 

For  example:  A recent  large  installation  was 
planned  involving  thousands  of  KVA.  Capaci- 
tors were  required  to  operate  continuously 
under  unusual  conditions  with  a maximum  rise 
of  20°  C 

C-D  engineers  went  to  work.  They  made  a more 
compact  capacitor  capable  of  meeting  all  speci- 
fications and  at  the  same  time  cut  costs  in  half 
The  new  units  have  been  giv- 
ing satisfactory  service  ever 
since  their  installation  and  more 
have  been  ordered  by  the  same 
customer 

It  is  this  special  ability  to  tackle 
tough  assignments  and  to  come 
through  with  cost-cutting,  "long- 


life” solutions  that  you  obtain  when  you  call 
on  Cornell-Dubilier. 

We  are  constantly  developing  new,  exclusive 
designs  like  this  giant  mica  tank  capacitor - 
watch  for  others!  For  cooperation  on  your 
capacitor  applications  or  special  designs,  write 
Cornell-Dubilier  Electric  Corporation,  South 
Plainfield,  N.  J.  Other  plants  at  New  Bedford, 
Brookline,  Worcester,  Mass,  and  Providence,R.  I. 


New  ond  improved  de 
sign  of  oil  filled  industrial 
oscillator  mica  copod 
tor.  Types  97 A and  97B 
can  handle  o high  KVA 
• n one  comport  vnit 
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TUNE  IN:  John  Charles  Thomas 
—Sunday,  2:30  P.M.,  EST-NBC 
Ted  Malone— Mon.  through  Fri., 
11:45  A.M.,  EST-ABC 


Westinghouse 


fW*-a£CT^CS 
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THE  COUNTERSIGN  OF  DEPENDABILITY  IN  a'nY  ELECTRONIC  EQUIPMENT 


Rugged  mechanical  construction 
I Outstanding  electrical  efficiency 


HEW  EIMAC  EXTERNAL  ANODE  TR 


3X2500A3 


, In  the  new  3X2  500A3,  Eimac  engineers 
? have  developed  a highly  efficient  external 
anode  triode  which,  in  Class  C service,  de- 
livers up  to  5 KW  output  at  a plate  volt- 
age of  only  3,500  volts.  The  mechanical 
design  is  radically  simple,  incorporating  a 
‘clean  construction"  which  gives  short,  low 
inductance  heavy  current  connections  that 
. become  an  integral  part  of  the  external 
* circuits  at  the  higher  frequencies. 

The  external  anode,  conservatively  rated  at  2500 
watts  dissipation,  has  enclosed  fins  so  as  to  facili- 
tate the  required  forced  air  cooling. 

Non-emitting  vertical  bar  grid  does  not  cause  an- 
ode shadows  ordinarily  created  by  heavy  supports 
in  the  grid  structure. 

Thoriated  tungsten  filament.  Note  unusually  large 
filament  area,  and  close  spacing. 

Filament  alignment  is  maintained  throughout  life* 
of  the  tube  by  special  Eimac  tensioning  method. 

y.  New  glass-to-rnetal  seals  do  not  have  the  RF 
resistance  common  to  iron  alloy  seals,  nor  the 
mechanical  weaknesses  of  the  feather-edged  types. 

P Grid  ring  terminal  mounts  a cone  grid  support 
which  acts  as  a shield  between  plate  and  filament. 

A coaxial  filament  stem  structure  forms  the  base 
of  the  tube.  This  makes  possible  proper  connec- 
tions to  the  filament  lines. 

Grid  and  filament  terminal  arrangements  make  it 
possible  to  install  or  remove  the  3X2500A3  with- 
out the  aid  of  tools. 

The  new  mechanical  and  electrical  features 
°f  the  Eimac  3X2500A3  external  anode  tri- 
ode make  it  valuable  for  use  on  the  VHF 
well  as  low  frequencies.  More  complete 
•jjl  ^aia  and  information  yours  for  the  asking. 

W "0UOW  THE  LEADERS  TO 


ruff* 


tim-UKUllOUGH,  INC.,  1123  Son  Mate*  Ave.,  Son  Bruno,  Colif. 

IwotW  «1:  So.  lr.EE,,  Cam. 


t*Por» 


nd  Soli  loko  City,  Ulok 
11.  Colif..  U S A 


TYPE  3X2500A3  — MEDIUM  MU  TRIODE 

ELECTRICAL  CHARACTERISTICS 


filom.nl:  Thorioted  Tungsten 
Voltage 

Current 

Amplification  Factor  iAu.rogei  20 
Direct  Inl.r.lDcIrode  Copocilonc.s  (Av.iog.l 

Grid  Plate 

Grid  Filament 

Tro„.:~  t :«0  mo..  E0  3000  20.000  AmKo, 
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7.5  volt* 
48  ampere* 


Pre-Testing  of 


MALLORY  SWITCHES 

Assures  Precision  Performance 

MALLORY  has  pioneered  in  developing  new  designs  for  both  rotary  and 
push-button  switches,  and  in  manufacturing  them  from  improved 
materials.  To  make  sure  of  the  electrical  performance  and  long  life  of  these 
switches,  Mallory  puts  them  through  punishing  tests. 

The  complete  line  of  Mallory  standard,  pre-tested  precision  switches  and 
other  electronic  components  is  available  from  your  nearest  Mallory  Dis- 
tributor. See  him  today,  and  ask  for  your  free  copy  of  the  Mallory  catalog- 
containing  specifications  for  switches,  jacks,  plugs,  capacitors,  resistors, 
rectifiers  and  other  parts.  Or  write  us  today. 

P.  R.  MALLORY  & CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA  YT 


a SALT  SPRAY  TEST:  In  a few  short 
hours,  switches  are  subjected  in 
this  salt  spray  chamber  to  condi- 
tions that  equal  years  of  marine  service. 


SWITCH  LIFE  TEST:  Hour  after 
q£k  hour,  this  machine  continues  to 
operate  the  switch  until  it  is  de- 
stroyed. Results  enable  Mallory  to  develop 
switches  with  operating  life  exceeding  nor- 
mal requirements. 


» LOW  ATMOSPHERIC  PRESSURE 
<2/  TEST:  The  rarified  air  of  the  sub- 
stratosphere is  reproduced  inside 
this  large  bell  jar.  Data  from  this  test  has 
aided  Mallory  in  developing  better  switch 
construction  for  aircraft  application. 


FUNGUS  CONTROL:  In  this  labo- 
*4  ratory,  fungus  cultures  from  the 
tropics  are  used  in  testing  the  fun- 
gicidal properties  of  new  impregnating  mate- 
rials for  the  insulation  in  Mallory  Switches. 


P R MALLORY  8 CO  Inc 


FOR  SPEED 
AND  PRECISION 
IN  THAT  VITAL 
ASSEMBLY  JOB 


PLAN 

FASTENINGS 

NOW 


"Cold-forging" — proof  #35. ..more  eoch  month 


Play  Safe — Plan  Today: 

This  period  of  increased  competition  demands  fut. 
assembly,  calls  more  and  more  for  fastenings  of  special  destgn. 

I Planning  fastenings  in  the  product-design  stage  may  well  solve 
your  vital  assembly  problem.  Early  action  enables  y°« 

the  exact  choice -a  featured  standard  fastening  or  a part 

l especially  designed  to  meet  your  specific  requir 
A assembled  product  is  better  than  its  fastenings -and  no  fast 
P enings  are  better  than  Scovill  fastenings. 

Play  Safe — Choose  Scovill: 

Years  of  specialized  experience  in  fastenings 

help  you  make  that  exact  selection-our  demonstrated  ability 

in  special  design*  makes  Scovill  your  logical  choice. 

I*,.  ou,  .P.oi.,  tsisr 

means  a substantial  saving  in  money -matenals 

Call  A Scovill  Fastenings  Expert  Today 

'Illustrated  above  is  one  of  many  5pecial  design. 

Scovill  ingenuity  in  cold-forging  and  ability  in  sp 


3 Standard  Fastenings 
for  Production  Efficiency 


1 Phillips  Recessed  Head 
Screws— The  modern,  ef- 
fective, time-saving  fastening 
device  proven  in  tens  of  thou- 
sands of  assembly  lines.  Other 

standard  head  styles  are  also 
available. 

2 Self-Tapping  Machine 
Screws  — Eliminate  sep- 
arate tapping  operations  for 
fastenings  to  castings,  heavy 
qauge  sheet  metal,  and  pi*®' 
tics.  Also  available  with 
Phillips  Recessed  Head. 

3 Washer-Screw  Assem- 
blies—When  use  of  lock 
washers  is  indicated,  the  time- 
saving of  pre- assemblies  is 
obvious.  Also  available  in 
standard  slotted  head  styles. 


Manufacturing  company 
..  . c*  screw  division 


Scovill  ivi  ainu»-«w  . w. 

SCREW 

Waterville  products 


WATERVILLE  48.  CONN. 


TEL.  Waterbury  3-3151 


■*>  PHILADELPHIA.  18  W Chelten  Avenue  Buildine 

""""I"  , S.f  St  ■ SAW  rRAHCSCO.  131 

PITTSBURGH.  28B2  W.  Liberty  Aw.  • SYRACUSE.  Syracuse-*— P” 


in 
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American  Time  Products,  Inc. 


New  York,  N.  * 


iiRO  Fifth  Ave. 


I)ist.  of  Western  Electric  Watch  [ ter  W atch-rate  Recorders 


FREQUENCY  STANDARD 
(t0  cycle)  for  cue  with 
extend  power  supply 


CHRONOGRAPH 
Records  taste  intends 
frith  resolution  to  Ml  second 

BOTTOM 

FREQUENCY  STANDARD 
(120  cycles)  with 
tdj-eomdned  power  supply 


These  tuning  forks  which  include 
new  engineering  principles,  pro- 
vide frequencies  from  120  to  1,000 

cycles  directly  with  an  unquali- 
fied guarantee  of  accuracy  to  1 
part  in  100,000  over  a wide  tem- 
perature range.'  (Better' than,  1 
second  in  24  hours).  Closer  tol- 
erances are  obtainable^  onspe-,. 
rial  order. 

These  tuning  loth  assemblies  are 
available  only  in  single  or  multi- 
frequency instruments  of  our 
own  manufacture  which  are  de- 


signed to  test,  measure  or  control 
other  precision  equipment  by  mo 
chanical,  electrical  accoustical  or 

optical  means., 

The  dependability  "of  these  fro 
quency  standards  is  being  dem- 
onstrated for  myriad  purposes 
in  all  climates  and  under  all 
working  conditions.. 

If  you  have  need  for  low  fro 
quency  standards  of  exception*! 
accuracy,  your  inquiries  are  in- 
vited. 
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that  assures  Balance 
in  High  Frequency  Lines 

Precision  manufacture  is  extreme!)  important  i 
types  of  coaxial  cables,  especially  where  the  success  of 
complex  networks  depends  on  perfect  balance. 

The  construction  of  Anaconda  Coaxial  Cables  pro- 
vides conductors  not  only  symmetrically  accurate,  but 
ruggedly  resistant  to  distortion  and  mechanical  fatlure. 
Metal  braiding  is  always  substantially  woven  to  pre- 
vent fraying  and  to  stand  up  under  continuous  flex.ng. 
In  view  of  the  rapid  advancement  in  this  field  we 
offer  engineering  service  for  designing  special  types 
low  loss  insulation  cable. 


anaconda  coaxial  cables 

Anaconda  coaxial  cables  are  made  in 
many  types  to  Army-Navy  specifications. 


f| 


ANACONDA  WIRE  & CABLE  COMPANY 

' ^ v " Subsidiary  of  Anaconda  Copper  Mining  Company 

iENIRAl  Offices:  25  Broadway,  New  York  City  4 _ . 6 . Offices  in  Principal  Cities 

CHICAGO  OFFICE:  20  North  Waclcer  Drive 
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* Engineered  and  manufactured  for  the  necessities  of  military 
aircraft  operation,  Cook  "Aerotrols”  have  opened  new  fields  in 
electrical  and  electronic  remote  control  applications  in  radio- 
radar, wire  communications,  mining,  manufacturing,  testing  and 
innumerable  other  fields  where  greater  dependability  and  ac-'- 
curacy  must  be  provided. 

• Here  are  some  of  the  general  specifications  of  the  "Aerotrol” 
“400”  Series  relays.  The  size  of  the  "Aerotrol”  without  springs 
(the  frame,  coil  and  armature)  is  15  6'  wide,  Ilfs'  long  and  1' 
high.  Spring  assemblies  add  to  overall  height,  up  to  1'  for  6 
springs.  Average  weight  for  two  spring  pile-ups  is  1%  oz.  The 
coil  spool  is  one  piece,  moulded  bakelite.  Heel  piece  is  arranged 
for  two  mounting  screws  with  solder  terminal  for  coil  located 
at  the  armature  end,  at  which  end  also,  spring  solder  terminals 
are  located.  Coil  winding  capacity  can  be  provided  up  to  10,000 
ohms  and  for  positive  operation  on  current  values  as  low  as 
2 milliamperes.  Coil  treatment  normally  includes  impregnation 


with  fungus  lacquer  and  Insulex  covering,  and  where  rejnirti 
the  coil  is  treated  for  high  humidity  and  other  tropical  conditKtas- 

• "Aerotrols”  are  small,  compact,  yet  rigidly  constructed  rekn 
that  have  proven  their  dependability,  not  only  in  labor»t«? 
tests,  but  in  actual  operation  under  the  most  severe  «ttu* 
conditions  all  over  the  world. 

• "Aerotrols”  are  "application  engineered"  to  provide  speak 
performance  suitable  to  circuit  and  control  conditions.  lim 
are  many  selective  features  that  can  be  incorporated  into 
relays.  Bushings  and  insulators  can  be  provided  trade  ol  Loot 
patented  "Cecotite”  ceramics,  to  provide  freedom  from  carbon 
ization  and  wear,  and  to  provide  permanent  stability  or  ortp 
adjustment  and  rapid  frequency  of  operation.  Mounting  arrai^ 
ments  can  be  provided  to  meet  installation  conditions,  inc 
the  plug-in  types. 

• "Aerotrols”  of  various  types,  such  as  time  delay,  lalch»J 
A.C.  or  D.C.,  both  single  and  double  pile-ups.  can  be  suppixo 


Illustrated  above  is  on 
"Aerotrol"  heavy  current 
relay,  with  two  Form  "A" 
contacts  operating  on  a 
double  armature. 


SEND  FOR  BOOKLET  AR- 
145  FOR  INFORMATION 
ON  THE  COMPLETE  LINE 
OF  "AEROTROL"  RELAYS. 


Illustrated  above  is  a latch 

ing  type  "Aerotrol  com 
bining  two  tyPe 
Aerotrols."  Any  comb" 
„a,U>n  of  Hw  '‘00 

r.loyl  con  b« 
into  a lotting 
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olding  Plastics 
Metal  Inserts? 

Electronic  Preheating 
Can  Help  You 


:r 

s 

IK 


Wide  experience  of  plastics  molders 
shows  electronic  heat  reduces  rejects, 
simplifies  molding,  increases  output  50% 

If  you  are  combining  metal  and  plastics  — if  you  are  molding 
plasties  parts  with  metal  inserts — you  11  find  that  electronic 
preheating  can  lie  of  considerable  help.  Speedy  electronic- 
preheating  provides  almost  amazing  plasticity. ..allows  you 
to  mold  at  low  pressure. 

Because  molding  pressures  are  low,  the  danger  of  forcing 
inserts  out  of  line  is  greatly  reduced.  Furthermore,  the  pos- 
sibilities for  mold  damage  are  practically  eliminated.  Along 
with  these  important  advantages,  electronic  preheating  ma  < ** 
for  a generally  improved  product  and  considerably  in<  n as  < 
production  rate. 

If  you  are  a molder,  «CA  engineers  will 1 gladly  advise 
you  on  the  projrer  equipment  and  procedures  t 
obtaining  improved  results  with  electronic  preheating,  ou 
will  find  greatly  increased  production,  and  lowered  over-all 
costs.  Records  kept  by  molders  using  electronic  preheating 
show  production  increases  of  usable  parts  as  big  i 


RCA 

electronic 

HEAT 


500% 


[ADIO  CORPORATION 
OF  AMERICA 

VICTOR  DIVISION  . CAMDfN,  N.  J- 


and  cost  reductions  of  at  least  — all  costs  included. 
Send  the  coupon  below  for  details. 

If  you  are  a plastics  buyer  ayd  do  not  do  your  own 
molding,  ask  the  custom  molder  who  serves  you  about  elec 
tronic  preheating.  He  may  be  able  to  solve  a problem  for 
you  by  the  use  of  electronic  preheating.  A recent  survey 
conducted  for  RCA  among  plastics  molders  shows  that  an 
overwhelming  majoritv  of  those  questioned  prefer  electronic 
preheating  as  the  Number  One  method  of  preheating  because 
it  gives  a tetter  molded  product  at  higher  production  rates. 

RCA  Electronic  Heating  Equipment  specially  de- 
signed for  the  plasties  industry  offers  a combination  of 
advantages  obtainable  from  no  other  manufacturer.  The  pace- 
setting RCA  2000-watt  unit  (Model  2B)  has  set  the  design 
standard  for  the  industry.  Completely  automatic,  it  can  turn 
out  a pound  of  uniformly  heated  preformed  material  at 
27, VF  in  only  /0  seconds  — 25%  to  50%  faster  than  non-auto- 
matic units.' Operating  cost  (including  tubes,  power,  mainte- 
nance,  and  depreciation)  is  as  low  as  20  cents  per  hour! 
Send  coupon  for  free  bulletin.  Write  details  of  your  plastics- 
molding  problem  to  RCA  application  engineers.  Address: 
Radio  Corporation  of  America , Electronic  Apparatus  Section, 
Ro  v 70-204H  Camden , jV.  J. 


MAIL  COUPON  TODAY- 


FREE  BOOKLETS  ON  PLASTICS  PREHEATING: 

RCA,  Electronic  Apporotui  S«ctlon. 

Box  70-204H,  Comden,  N.  J. 

Please  send  me  free  information  on  improved  plastics  molding 
with  economical  RCA  electronic  heat. 

-Electronic  Heat  Speeds  P!:vsti-:s  Molding  p,  , .. 

• RCA  Electronic  Generator— Mode  2B— For  Plastics 
"RCA  Electronic  Generator  Model  loB 


Nome . 


Position . . . 
Company . 
Address. . 

City 


. Zone State . 
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AT  THE  POINT  OF  SALE- 
Eye  Appeal  Means  Buy  Appeal!"  | 


MAAS  & WALDSTEIN  COMPANY,  NEWARK  4f  N.  I 

ai  idpOSH 


PRODUCERS  OF  LACQUERS,  ENAMELS,  SYNTHETICS  AND  SPECIALTY  FINISHES  FOR  ALL 

BRANCHES:  16SS  CARROLL  AVE.,  CHICACO  12  • • 1ERSET  ST..  BOSTON  IS  • 122B  W.  PICO  BLVB.,  LOS  AN 

82  Dvvmt*'  INS-ELECTRICS 


• IERSET  ST..  BOSTON  IS 


She’s  buying  a new  radio— one  of  the  many  post-war  items 
that  all  America  is  hungry  for.  Your  name  on  the  set  will  be 
sufficient  guarantee  of  good  workmanship  and  dependability, 
but  she’s  going  to  ask  for  more  than  that!  She's  going  to  de- 
mand a thing  of  beauty— an  object  that  will  be  an  attractive 
addition  to  her  home. 


M & W's  Hammertone  finish  will  provide  that  beauty  and  give 
your  product  a high  degree  of  eye  appeal  at  the  point  of  sale. 
Hammertone  is  a tough,  durable  finish  which  simulates  ham- 
mered metal.  It  is  available  in  silver,  copper  and  many  other 
colors  for  use  on  metal,  plastic  or  wood  products. 

For  information  on  Hammertone  or  any  of  the  other  many 
M & W industrial  finishes,  contact  the  branch  office  nearest 
you  or  write  direct  to 


WE  ARE  HEADQUARTERS  Pol 
SOLVING  INDUSTRIAL  FINISH 
PROBLEMS! 

Have  you  a special  finish- 
ing problem?  Let  us  de- 
velop the  right  finish  to 
meet  your  requirements. 
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^^en  ALL  assembly  costs  aredown  in  black  and  white . . . 
when  TOTAL  net  assembly  costs  are  figured .. . that's  when 
SPEED  NUTS  really  show  results  in  the  Cost  Department. 

For  SPEED  NUTS  reduce  assembly  costs  in  many  ways. 
They  completely  eliminate  lock  washers — saving  the  cost 
of  the  washers  and  the  time  necessary  to  handle  and 
install  them.  Moreover,  hundreds  of  SPEED  NUTS  have 
been  designed  to  perform  multiple  functions  and  eliminate 
two  or  more  assembly  parts. 

SPEED  NUTS  are  applied  faster  and  easier  to  speed  up 
assembly.  They  can’t  "clog"  with  paint  or  enamel  lo 
delay  the  assembly  line.  “Self-retaining  types  of 
NUTS  do  away  with  expensive  welding  and  clinching 
operations.  And  SPEED  NUT  spring-tension  resiliency 
olso  protects  porcelain,  plastic  or  glass  parts  agams 
damage  in  transit.  , . 

A letter  describing  your  fastening  problem  will  bring 

you  full  details  on  how  SPEED  NUTS  will  reduce  YOUR 
total  net  assembly  costs,  too. 


nothing  locks  like  a speed  nu 


Only  SPEED  NUTS  provide  a COMPENSA1 
ING  thread  lock  and  a SELF-ENERGIZINC 
spring  lock.  As  the  screw  is  tightened  th 
two  arched  prongs  move  inward  to  loc 
against  the  root  of  the  screw  thread.  Thes 
free-acting  prongs  COMPENSATE  for  tolei 
once  variations.  Compression  of  the  arch  i 
prongs  and  base  creates  a SELF-ENERGI2 
ING  spring  lock.  These  two  forces  combin 
to  definitely  prevent  vibration  loosening 


TINNERMAN  PRODUCTS,  INC.*  2106  Fulton  ° 


In  Canada:  Wollotn  Sorn.t  Co.  lid..  Hamilton.  Ontoflo 
la  fr OKI:  Aeroces  soires  Simmonds,  S.  A..  Pori* 


la  England:  Simmonds  Accessories,  L»d.(  I 
In  Autlralia:  Simmonds  Aerocessories,  Pty.  ltd..  Mol 


* Trade  Mark  Reg.  U.  S.  Pot  OH 


f\VER  3000  SHAPES  AND 
Fastest  thing  in  fastenings ...o 
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ANOTHER  WILCO  DEVELOPMENT 


SILVER 

JACKETED  WIRE 

WILCO  Silver  Jacketed  Copper  Wire  now  widely 
used  for  coils  in  Short  Wave  Radio  Communi- 
cations Systems. 

PROPERTIES  AND  CHARACTERISTICS— WILCO  Silver 
Jacketed  Copper  Wire — an  economical  non-corrosive 
wire  with  solid-silver  characteristics — is  used  success- 
fully in  many  electronic  applications,  where  high  fre- 
quency currents  are  a problem.  Another  WILCO  jacketed 
type  combines  great  physical  strength  with  high  con- 
ductivity. A third  unites  stamina  with  highly  desirable 
electrical  characteristics.  In  fact  there  is  almost  no 
limit  to  WlCCO  facilities  for  combining  metals  of  widely 
differing  physical  and  electrical  properties  to  meet 
individual  engineering  needs. 

Gold,  silver,  copper,  brass,  bronze,  iron,  steel,  nickel, 
monel  and  invar,  are  all  utilized  in  producing  WILCO’S 
uniform,  non-porous,  securely  bonded  jacketed  wire 
and  rolled  strip. 


WILCO  PRODUCTS  INCLUDE: 


CONSULT  OUR  ENGINEERING  DEPARTMENT— Write 
our  Engineering  Department  for  help  in  developing  the 
proper  application  of  WILCO  materials  to  your 
products. 

SEND  FOR  WILCO  BLUE  BOOK— The  Blue  Book  con- 
tains charts,  formulae  and  full  descriptions  of  all 
Jacketed  Materials  and  other  WILCO  products.  Send 
for  FREE  copy  today. 


Contact!— 

Silver 

Platinum 

Tungsten 

Alloys 

Sintered  Powder  Metal 

Thermostatic  Bimetal— 

High  and  Low  Tempera- 
ture with  new  high  tem- 
perature deflection  rates 


For  routing  controls 

Silver  CM  Steel 
JockeMWlre- 

Silver  on  Steel,  Copper, 
Invar  or  other 
combinations  requested 

Rotlod  Gold  Plots 

Special  Materials 
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THE  H.  A.  WILSON  COMPANY 

105  Chestnut  Street,  Newark  5,  N.  J. 

Branch  Offices:  Chicago  • Detroit  • Los  Angeles 

SPECIALISTS  FOR  30  YEARS  IN  THE  MANUFACTURE  OF  • THERMOMETALS 
ELECTRICAL  CONTACTS  • PRECIOUS  METAL  BIMETALLIC  PRODUCTS 
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BENDIX^/^r  RADIO 


Now — a lieu-  Bendix  Radio  Receiver  engineered 
for  the  airline  ground  station  and  designed  for 
V.H.F.  (Very  High  Frequency)  fixed  frequency 
radio  reception. 

Built  to  the  quality  requirements  that  have 
made  Bendix  Radio  products  "Standards  for  the 
Aviation  Industry,"  the  MR-710  V.H.F.  Radio 
Receiver  functions  on  a frequency  range  of  118- 
132  Mc.- 

— provides  dual  channel  operation,  extreme 


sensitivity,  high  selectivity,  excellent  stability. 

— incorporates  positive  squelch  operation, 
rapid  amplified  AVC,  and  effective  noise  limiter. 

— engineered  so  that  all  adjustments  are  avail- 
able from  front  panel  without  removing  unit 
from  its  rack. 

For  full  information  as  to  dimensions,  weight, 
construction,  electrical  characteristics  and  serv- 
ice features,  write  the  Sales  Department,  Bendix 
Radio  Division,  Baltimore  4,  Maryland. 
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After  three  years  of  development,  Jennings  has  brought  the  first 
successful  Vacuum  Variable  Condenser  to  the  Electronic  field. 


neutraH  ' e^c'ency,  reduced  size  and  weight,  these  units  should  be  used  in  tank, 
further  d f ^ Qn^en|1a  *un'n9  circuits  in  FM,  AM  and  Television  stations.  Write  for 

Conn  6 Ql  S °n  ,thlS  remarkab,e  unit  and  other  Jennings  High  Voltage  Vacuum 
Capacitors  ,n  a wide  range  of  sizes  and  capacities. 

WATCH  JENNINGS  FOR  NEW  otvi.Zl  Y°W  lnqU'rY  °nd  ,he  opportunity  to  serve  you. 

LOPMENTS  IN  THE  FIELD  OF  SPECIALIZED  VACUUM  ELICTBOMIC  COMrOHl* 

WRITE  FOR  BULLETIN  E 
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As  THE  STORY  of  radar  unfolds,  the  nation  becomes 
increasingly  aware  of  the  extreme  importance  of 
this  one-time  “secret  weapon.”  And  behind  tAat 
story  is  another— about  radically  new  types  of  hous- 
ings that  had  to  be  developed  before  radar  could 
perform  its  vital  functions  on  land,  at  sea,  and  in  the 
air . . . housings  called  radomes.*  Certain  types,  such 
as  the  radome  illustrated,  were  produced  from  woven 
glass  cloth  and  Bakelite  laminating  resins. 

Manufacturers,  designers,  and  engineers  will  be 
interested  in  the  exceptionally  exacting  require- 
ments that  were  met:  low  power  factor  and  low 
dielectric  constant  at  high  radio  frequencies;  high 
tensile,  flexural,  and  compressive  strengths;  and 
extreme  weatherability.  Still  other  advantages  of 
this  new  and  superior  electrical  insulating  plastic 
included  good  color  stability  and  resistance  to 
marine  growths.  Productionwise,  these  laminated 
radomes  were  formed  at  low  fabricating  pressures, 
in  comparatively  inexpensive  molds.  They  demon- 
strate the  practicality  and  economy  of  forming 
large,  intricate  shapes  by  this  laminating-molding 
technique  at  pressures  frequently  as  low  as  one 
pound  per  square  inch. 

Write  Department  68  for  further  information 
on  Bakelite  resins  for  high-,  low-,  and  contact- 
pressure  laminating,  and  the  names  of  the  suppliers 
of  the  finished  laminates. 

'Rodomo  illuitratod  through  courtuty  of  Andovr-Kont  Aviation  Co rp. 
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Cth'bide  ami  ’Carbon  Coloration 


East  4S|jd  stree§  New  Yor*  17,  N.Y. 
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0*M#26  is  the  Basis  of  * 

O A Eastern’s  21  STAR  FEATURES 


..  Ethical  engineering  at  East- 

\Wfij£Bj£'  tern  is  the  history  of  many 
\ years  in  the  service  of  sound 

amplification.  The  21  Star 
Peatures  are  the  result  of  intensive  expe- 
rience dating  back  to  the  early  days  of 
radio — the  pioneer  20s!  Today  this 
engineering  background  accounts  for  the 
many  innovations  we  have  designed  for 
the  new  1946  Eastern  Amplifiers  — the 
21  Star  Features  that  produce  Eastern’s 


famous  Quality  Performance.  No  other 
amplifiers,  regardless  of  price,  incorpo- 
rate so  many  novel  and  useful  features. 
. . . For  complete  information  and  price 
list  — for  the  first  edition  of  our  1946 
Catalog  — write 
today!  . . . Eastern  /I 

Amplifier  Corpora-  \ 1 1 
tion,  794  East  140th  \ C°WN 

Street,  New  York  ) 

54,  N.  Y.  Dept.  12F.  M 


194 


December  - ELECTRONICS 


Digitized  by  LnOOQle 


UJUC  l ' >■ 


Versatile  4tdag”  dispersions  can 
help  you  with  problems  like  these: 


• Minimizing  Diamond-Die  Wear 
and  Wire  Breakage 

• Providing  Lubrication  and 

Conductivity  Simultaneously 

• Producing  a Non-Reflective 

Ray-Focusing  Anode 

• Obtaining  a Shielding  Material 

Which  Can  Be  Applied 
Like  Paint  to  Any 
Surface,  Whether 
Rigid  or  Flexible  / 


HAVE  YOU  A TOUGH  PROBLEM? 


Tkk  mw 

[430] 

[440] 

1421] 

[ HI] 
IS 

14311 


IKontur*  m "dag"  ****  »* 

A general  book  I at  on  the  ifory  of  **4u"  colloi- 
dal graphite.  12  page*  profusely  illustrated. 


A com  plot*  list  of  "dag”  colloidal  graphite  dis- 
persion* with  application*. 

colloidal  graphite  for  ASSEMBLING  AND 
RUNNING-IN  ENGINES  AND  MACHINERY, 
u^gn  colloidal  graphite  a*  a PARTING  COM- 
POUND. 

M^.gn  colloidal  graphite  a*  a HIGH  TEMPERA- 
TURE LUBRICANT. 

colloidal  graphite  for  IMPREGNATION 
AND  SURFACE  COATINGS. 

ugggti  colloidal  graphite  in  the  FIELD  OF  ELEC- 
TRONICS. 


^1..  JMLCo  A Ml 

acheson  colloids  corporation 
PORT  HURON.  MICHIGAN  DEPT.  M-5 

^ ^ m,  (Mmt 

No.  430  □ NAME 

No.  440  □ POSITION 

No.  421  □ nw*— 1 

No.'  422  □ ADMKS  


STATE. 


No.  423  □ Z0NE  No 

PI  OUR  PRESENT  Oil.  SUPPLIER  IS  

N°-  431  „ (lubricant*  “4««" ‘..U^dal  ■»!*».  or. 

No.  432  O meltable  ham  major  aMjamp»a|»*a»-l 


Many  a man  ha*  *avod  a lot  of  monoy  and 
|[  worry  by  querying  u*  about  “d*|"  Colloidal 
Graphito.  Maybo  wo  can  holp  you.  Why  not 
f writ*  ut  today? 

t!  “Dag”  product*  oro  v#r*otll*.  Dispersed  in 

numerous  liquids,  they’re  doing  a good  job  over 
a wide  range  of  industry  for  regular  production. 

1 Some  “4eg”  suspensions, 

available,  were  developed  dur- 
ing the  war.  Available  for 
you  now,  they  broaden  the  use- 
^ fulness  of  already  broadly  used 
“gag”  colloidal  graphite.  You 
too  may  save  yourself  worry 
end  money  by  writing  today 
1 for  hill  information  about  the 
“Wag”  family  of  dispersions. 


hitherto  not 


colloidal 
qraphite 

acheson  colloids  corporation 

Port  Huron,  Michigan 
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These  Ueinite  shock  mountings  have  a self-contained  Tee  Nut.  Set  in  a synthetic 
rubber  ring  of  great  toughness  and  resilience  they  are  extensively  used  as  shock- 
proof  mountings  on  Service  radio  sets.  They  have  stood  up  successfully  under  severe 
tests  of  shock,  temperature  and  climate. 

Other  industrial  peacetime  applications  such  as  electrical  condensers  and  phono- 
graph turntables  immediately  suggest  themselves. 

The  mountings  shown  here  are  only  one  general  type  of  the  basic  design  which 
can  be  adapted  in  a wide  variety  of  applications  for  other  requirements. 


The  ITCINITE  CO. 

Newtonville  60,  Mass. 

Division  of  United-Garr  Fastener  Corp. 
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AJAX  ELECTRIC  FURNACE 


Control  cabin*! 
containing  HEIN*. 
*****  >h,., 
J*>««*.  230  volt 
Clftoii  8c»olt*„. 


*i^W«cfoljji 


HEINEMANN 

MAGNETIC  CIRCUIT  BREAKERS 

PREVENT  POSSIBLE  DAMAGE 

Cjre«#l^  or  Dangerous  Overload 

Bo  Blower  MotorW^rnmmm 


agJVCT^^IgiZ>K* mfvi unit  . . m#mn9  ojgmlnum 

Omoci|af#»  nnJ  . . . «nd  olgmlnum  alloys. 

♦heir  Wiflcalions.  CIRCUIT  BREAKER S,  included  them  in  J 

°v«rioodV^w  ::yi::rer'  'pro'e£,ion  °f  ,he  motor  agah 

perils  qoick^W,in  Jh*e'*  ^osf  et*enfiot/.  Magnelic  protecwSu. 

*he  ^Rtt  n>riiibrrTt?angero^  overload 

®«  minor  overloads,  inTn^rse  ra^J^T  Pr°V'’deS  ° M<V*d 

W W »—  “•  * Z2 


comp,.,.  u„  anJ  Engin„r.ng  ^ 

heinemann  circuit  bre/ 

g7  ^ Subsidiary  of  Heinemann  Electric  Co.,  Est.  1888 


07  r\,  ii.  Subsidiary  of  Heinemann  Electric  Co.,  Est.  1888 

y/  plum  street 

ECTRON'CS-0*c.mh.,  „,J 
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DOWN  through  the  years  with  Radio— right  battery  eliminators,  cha 

from  the  very  beginning— STERLING  has  a vital  part  in  the  devel 

built  specialized  apparatus  for  the  Radio  market  wartime  operations  an 
and  at  times— complete  Radio  sets  for  world-wide  products  will  reflect  5 

distribution  . . . Millions  of  STERLING  products,  successful  electrical  m 

The  rfe-liM  Manufacturing  Company 


battery  eliminators,  chargers,  testers,  have  play 
a vital  part  in  the  development  of  Radio  . . . 0*>r 
wartime  operations  are  now  ended  . . ■ Post-war 
products  will  reflect  STERLING  S J9  years  o 
successful  electrical  manufacturing  experience. 


9502  Detroit  Avenue 
Cleveland,  Ohio 


O^r  M-B***** 
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RESIMENE*  803 A 


Here  is  a cellulose  filled  melamine 
molding  compound  which  com- 
bines characteristics  which  you 
may  need.  Resimene  803A  has 
high  arc  resistance — 125  seconds, 
which  means  long  life  in  any  part 
where  arcing  or  flash-over  is  met. 
More  stamina  can  be  built  into 
switch  bases,  connectors,  plugs 
and  other  electrical  parts  with 
this  important  advantage. 

But  that  is  not  all  Resimene 
803A  offers ...  its  abrasion  re- 
sistance is  higher  than  cellulose 
filled  phenolic ...  it  has  higher 
( alkali  resistance  than  most  ther- 
mosetting plastics  and , in  addition, 
it’s  not  attacked  by  weak  adds, 


most  organic  solvents  or  boiling 
water.  These  properties  are  com- 
bined in  a molding  compound  of 
excellent  moldability  and  good 
physical  properties  formerly  ex- 
pected only  with  general  purpose 
phenolics.  After-shrinkage  of  Resi- 
mene 803A  is  considerably  less 
thnn  any  similar  material . . . 
Rarimene  803A  is  being  produced 
only  in  black  and  olive  drab. 

♦ * * 

For  full  details  and  advice, 
write  Monsanto  Chemical  Com- 
pany, Plastics  Division,  Spring- 
field  2,  Massachusetts. 


The  broad  and  vereatRe  Family  of  Mamanla 
Plastics  lndudess  Luttron  polystyrene  • Caron* 
boat  resistant  thermopladle*  • Vinyl  ocotab  • 
Nitron*  cellulose  nitrate*  • Bbertoj*  cellidose 
acetate*  • Rednon*  phenolic*  • ThaBd*  for 
Impreidon  molding  • Resimene*  melamine*  • 
Form*  In  which  they  are  supplied  includes  Sheet* 
• Rod*  • Tube*  • Molding  Compound*  • In- 
duttrlal  Rednt  • Coating  Compound*  • Vue- 
pak*  rigid  tramparent  packaging  material. 
•««*.  U.S.  Pat.  OH. 


Monsanto 

Plastics 
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Detroit  2:  502  Stephenson 
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Television  Tubes 


'iijiroB  is  Rowland'*  name  for  all  electronic 

4 i*  Hi*  mark  of  the  advanced  Rauland 
based  upon  a pioneering  experience 
s for  direct* viewing  for  the  home 
leatre  are  ready  to  take  their  places 
tainment  now  unfolding  before  us. 

, be  sure  It’s  " Visit ron.” 


Visitron  is  not  a new  name  in  tubes, 
tubes  made  In  the  Raulattd  Tube  Divlsloi 
Television  thinking  and  plann|dg 
second  to  none.  Rauland  Visit*/ tvh 
and  prelection  for  the  hopfe  and 
in  the  new  era  of  Television  entt 
To  be  sure  of  your  tul 


Electroneering  i 
THE  RAULAND  CORPORATION 


CHICAGO  41,  ILLINOIS 
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: RADIO  • RADAR  • SOUND 

NEW  YORK.  U.  S.  *■ 
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EXCELLENCE 
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ISI  IN  CWCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAI 
I ION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  SI 
t ,5T  ,M  C|ICUIT  pfOTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAI 
l ION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PR 
,ST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTIOF^jrrT  CIR 
1 ibN  CIRCUIT  SAFITT  FIRST  IN  cMMMMKTION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUI^^^U^^^I  ^ViT 
' ' N Cljfl  I first  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRSj 

UST^^HMBtOTICTION  CIRCUIT  SAFITT  FIRST  IN  Of 
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I CIRiUI!  SAFETY  M I ■ I 
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fwST  J^^^^^^jj^^^IRCUIT  SAFITT  PROTICTION 

ICTION  Cll^AFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFITT  »»"  IN  CIRCUIT  PI 

r " N CIRCUIT  SAI 


'Sj  1ST  IN  CIR 
;.t  fiction  ci 
1 1ST  IN  CIRC 
ON  CIRCUIT 
I l|T  IN  CIRC 
( I IlON  SAFIT 

9 1ST  IN  CIRC1 

'M  ION  CIRCUI 
m 1ST  IN  CIRC 
V/|  TION  CIRCU 
A 1ST  IN  CIRC 
M ION  CIRCUI 


LITTELFUSE 

3 AG  and  3 AB  Fuses 


“•TOUT  PROTECTION  CIRCUIT  SAF.TT FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFIT* 
- CIRCUIT  PROTICTION  CIRCUIT  SAFITT  FIRST  IN 
~~  --  '“CIRCUIT  PROTICTION  Cl 
— IN  Cl 
T« 

« 
id 
IR 
ICU 
IRC 
RCUI 
IRC1 

■cur 

SRCU 
RCUIT 
IN  Cl 
■CUIT 
RCUIT 
ICUIT 
-.IRCUI' 

CUIT  S 

:ircuit 

ICUIT  S 
CIRCUIT 
■CUIT  SA! 
5IRCUIT  P 
RCUIT  SA 
CIRCUIT  PI 
RCUIT  SAF 
CIRCUIT  PR 
,<  CIRCUIT  SAF 

v, RCUIT  SAFITT  FIRST  IN  CIRCUIT 
— itcIlON  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTEj 
ION  CIRCUIT  SAFITT  FIRST  IN  CIRCUIT  PROTICTION  CIRCUIT  SAFtT, 


IN  CIRCUIT  PI 
CIRCUIT  SAFI 
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CIRCUIT  SAF 
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CIRCUIT  SAI 
R CIRCUIT  PI 
CIRCUIT  SA 
CIRCUIT  SI 
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Littelfuse,  .he  firs,  manufacturer  to  receive  Underwriters’ 
Approval  on  glass-enclosed  fuses  in  current  ratings 
amps  a.  250  volts  NOW  has  Underwriters’  Approval  on 
fibre-enclosed  fuses  from  10  amps  to  20  amps  at  250  vo  ts. 

These  3 AB  "TINY  MIGHTY”  fuses  O'/ix'/a  dia  > 
take  the  place  of  bulky  cartridge  or  plug  fuses  and  moun""« 

used  in  heavy-duty  electric  appliances,  power  supp  i ’ 

fiers,  communications  and  electronic  equipment,  ra  io, _ 
circuits,  etc.  To  reduce  fusing  space  and  weight  get  •PP™* 
protection  with  3 AG  and  3 AB  "TINY  MIGHTY  L.ttclfuses. 

Ranges  of  Underwriters’ Approved  3 AG  Littelfuses  1/16 
amp  to  8 amps  inclusive;  Underwriters’  Approved I 3 A ,B 

’’TINY  MIGHTY'”  Littelfuses,  10  amps  to  20  amps 
at  250  volts  or  less. 

LITTELFUSE  INCORPORATED 
4757  N.  Ravenswood  Ave.,  Chicago  40,  no  f 
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Points  the  way  throufh  fof-hmni  duftm 


<°7hw  ^VTh^'JS"  *"K  »W 

■cal  properties  and  '“r'k  'Ml 

r'  n .Re,,’'*“cc  to  n aSJn'd  '*  0lidjli™  i 
l.ood  .nrkinj  qualitl-  « rroM™... 


Points  the  way  for  safe  blind  landings 


t$n  fyiai  o't  S/Wiee 

NICKEL  RADAR 

POINT  THE  WAY 


Nickel  plays  an  important  role  in  radar. 

The  tell-tale  stream  of  electrons  is  fed  to  the  cathode-ray  screen 
from  a pure  Nickel  cathode.  That’s  practically  “ standard " in  all 

rCU^o  nther'commercial  metal  offers  so  favorable  a combination  of 
electrical  and  electronic  properties  . . . plus  the  ability  to  be  worked 
n such  small  sizes. 

' The  multiple  advantages  of  Nickel  and  high-Nickel  alloys  make 
U t cularly  useful  in  many  additional  radar  and  other  still- 
hem  pjr  |jcatjons  w|,ere  strong,  corrosion-resistant  materials  are 
^cret  app  . ^ . j e]ectronjc  or  electrical  properties.  Send  for 

ipedei  wi  ^ “2vjjckel  in  the  Radio  Industry.”  The  International 


our  copy  01  ‘ 67  Street,  New  York  5,  N.  Y 

kel  Company,  tnc., 
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THE  MEW  30  AMPERE  RELAY 

>/  Moulded  bakelite  base. 

\/  Laminated  core  and  armature 
V'  Low  temperature  rise 
y/  % inch  wiping  contacts 
y/  Rated  30  Amps,  at  1 10  V.A.C. 
yf  Rated  20  Amps,  at  220  V.  A.C. 


w All  the  engineering  skill  that  has  created  for  Leach  its  reputation  as  manu- 
facturers of  fine  relays  is  at  your  service.  Our  Engineering  Department  will  be 
glad  to  discuss  with  you  any  problems  which  you  may  have.  Write  for  literature. 


A C H 


Y C 


5915  AVALON  BOULEV  AJ1D,  * LOS  ANGELES  3.  CALIF. 
ELECTRONICS — Otctniif  1945 
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MEGOHMS 


Weston 


because  of  its  compactness  and  extreme 
high  sensitivity,  this  direct  reading  instrument  fills 
an  important  measurement  gap  in  the  production 
and  servicing  of  a wide  variety  of  components  and 
electrical  devices.  Minute  faults  can  be  detected 
in  advance  . . . tests  can  be  made  without  destruc- 
tive breakdown.  Test  potential  less  than  50  Volts. 

Here's  what  a few  typical  users  say  about  Model  799: 

"We  use  it  for  testing  the  leakage  between 
windings  in  transformers,  or  from  windings  to 
core  or  case." 

"We  can  test  the  leakage  of  low  voltage  paper 
and  mica  condensers  with  the  799,  and  without 
danger  of  damaging  the  dielectric." 

"We  test  leakage  resistance  between  indi- 
vidual wires  in  cable  harnesses." 

"Model  799  is  also  ideal  for  checking  leakage 
due  to  moisture  in  fiber  terminal  strip." 

p „r  ,omD|ete  data  on  Model  799  Insulation  Tester, 
r0  with  the  WESTON  representative  in 

commu  or  wr;te... Weston  Electrical  Instrument 

Corporation,'  6 1 8 Frelinghuysen  Ave.,  Newark  5,N.  j. 


MODEL  799 

| INSOLATION  TESTER 

• 10  BILLION  Ohms  • 


auU  m&uttne: 

Insulation  Properties 
V/  Resistance  Leakage 

^ Conductivity  of  Insulating 
Materials 

Leakage  due  to  Moisture 
Absorption 

Readings  - .1  to  10,000 
megohms 
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Just  a quarter  turn  with  a coin  or  screw  driver  j ^ 
and  — click  — the  Dzus  spiral  cam  fastener  is 
firmly  Jocked  or  quickly  unfastened. 

Navy's  New  Collins  Autotune  Transmitter  — the 
versatile  radio  used  on  most  two-place  and 
larger  types  of  naval  aircroft  — is  equipped 
with  flush  head  type  Dzus  spiral  cam  fasteners. 


Flush  head  fastener  stud 


Grommet 


Spring 


Radio  and  electronic  manufacturers  find  that 
quick-acting  Dzus  spiral  cam  fasteners  have 
all  the  qualifications  to  meet  rigid  specifica- 
tions and  requirements  for  firmly  holding 
hinged  or  removable  parts.  This  fastener  is 
light  but  rugged,  vibration-proof  and  perma- 
nently attached.  It  is  easy  to  install  and 
operate.  It  saves  valuable  time,  especially 
with  equipment  that  requires  periodic  in- 
spection and  adjustment. 

There  is  a Dzus  spiral  cam  fastener  for  every 
requirement  in  the  electronic  industry  — 
supplied  in  various  sizes  and  head  styles. 
Send  for  the  Dzus  catalog  today— and  have 
at  your  fingertips  the  most  complete  line  of 
self-locking  fasteners  available. 

• Tho  word  DZUS  It  Hto  rapltlorod  trod* 
mark  o«  Hr*  Dlvt  Fotlonar  Company.  Inc. 

DZUS  FASTENER  COMPANY,  INC. 

. av.  AM  NIW  YOIK 


DZUS 

SPIRAL  CAM  FASTENERS 
SERVE  THE 

ELECTRONIC  INDUSTRY 


°*oy  view  of  complete  Dzus  spiral  cam  fastener  assembly 


IN  CANADA,  RAILWAY  AND  POWER  ENGINEERING  CORP..  LTD. 


0-ECTRONICS  — December  1945 
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POSTWAR  TRANSFORMERS 

FOSTER 


Facilities  for  peacetime  manufacture 
of  transformers  are  already  available 
at  A.  P.  Foster,  and,  as  war  commit- 
ments are  filled,  will  be  increasingly 
at  your  service. 


During  the  war  years  A.  P.  .Foster  has 
supplied  thousands  of  custom-designed 
and  custom-built  transformers  to  all 
branches  of  our  armed  services,  for 
use  in  all  parts  of  the  world  under 
great  extremes  of  climatic  condition. 

High  production  schedules  have  been 
maintained  by  advanced  Foster  man- 
ufacturing techniques.  High  standards 
of  performance  were  demanded, 
achieved  and  will  be  maintained — to 
the  benefit  of  America's  peacetime 
economy. 


As  your  own  reconversion  plans  ad- 
vance from  the  conference  stage  to 
the  blueprint  stage,  it  may  well  be 
worth  your  while  to  bear  in  mind  that 
Foster  engineers  and  designers  are 
ready  now  to  consult  with  you  on 
every  transformer  problem  and  to 
furnish  estimated  costs  and  delivery 
schedules  on  experimental  or  quan- 
tity production  of  standard  transform- 
ers or  special  jobs  custom-built  to 
your  own  specifications. 


BOB  REID,  810  West  57th  Street,  Indian- 
apolis 5,  Ind.,  Telephone  Broadway  2725 

• BAUMAN  AND  BLUZAT,  2753  West  North 
Avenue,  Chicago  47,  III.,  Telephone  Hum- 
bolt  6809-10-11-12 


• THE  A.  P.  FOSTER  COMPANY.  BAR 
RETT  BORDER.  1 1 W.  42nd  St„  New  York 
18.  N.  Y.,  Telephone  PEnnsylvania  6-9133 


SPECIALISTS  IN  BUILDING  TRANSFORMERS  SINCE  1938 

A.  P.  FOSTER  COMPANY 

TRANSFORMER  ENGINEERS  & MANUFACTURERS 

719  WYOMING  AVENUE,  LOCKLAND  15,  OHIO  (SUBURB  OF  CINCINNATI 
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CHICAGO 

5610  BLOOMINGDALE  AVENUE 
CHICAGO  39,  ILLINOIS 

31  YEARS  OF  CONTINUOUS  SUCCESSFUL  MANUFACTURE^ 


WEBSTE R 


MODEL  56 

WEBSTER  RECORD  CHANGER 

. . . cll  new  ill  the.  fioAt-U)aJL  £jui. 

phonograph  comb.nat.ons  - Webster  Record  Changer,  Mode!  ^ ^ q{  performlnce  & ^ 
company  — just  as  its  predecessor  prove  most  pleasing  to  dealers  and  consumers  alike. 

- ^ — — ■ 

D^d.bU  he,vy  „„  **«  1 ^ -»  ✓ “iil  " h'’M'  ~ ^ 

-Vushion  mounted  for  silent  operation.  No  ful  lines. 

audible  rumble  or  "wow.”  J Changes  all  standard  records,  flays  ten 


Records  drop  quietly  — velvet  soft  heavy-pile 
turntable  covering. 

Installation  done  from  top  — quick,  easy 
mounting. 

14-inch  square  mounting  base.  Over-all  depth 
—above  and  below  mounting  board— 9 inches. 

Built  for  lasting  performance.  Practically  no 
service  calls  are  required. 


y/  Perfectly  crafted  — highly  styled  — beauti- 
ful lines. 

/ Changes  all  standard  records.  Plays  ten  12 
or  twelve  10'  records  in  one  loading. 

j Fast  change  cycle  — approximately  4 seconds. 

/ Simple,  fool-proof  operation.  Can  not  be 
"jammed.” 

y'  Automatic  shut-off  after  last  record  has  played. 
y/  Feather  light  needle  pressure, 
y Longer  life  for  records  — no  cracks  no 
chipped  edges. 


i/rco  .ID  A fin OD  HABIT- buy  VICTORY  BONDS 


WRITE 

FOR 

INFORMATION 
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SAFELY  AND  QUICKLY 


We  now  have  our  leet  on  the  ground,  and  may  again 


pursue-  our  normal  peacetime  function  to  immediately 

. j,  / 7 / ■ 

utilize  all  our  available  facilities.  Perhaps,  temporarily, 


we  can  manufacture  all,  or  part  of  your  product  while 


you  redesign  and  retool  a new  model. 


At  the  same  Arne  we  earnestly  seek  the  opportunity  to  discuss 

I/  / / / //  / //  //  / / // 

with  designer^,  engineers  and  manufacturers  considering 

wrestling  with  difficult  problems 


j new  metcil 

of  design,  fabrication  and  assembly,  our  especial  ability 

J \ / / / Z/Z  tfZ///Z 

' to  perform  all  of  these  functions  for  you. 


bottleneck  somewhere 


lU  If  your  manufacturing  plans  hit  a 

A //  / J/VA' 

j //along  the  line,  it  is  probable  that  consultation  with  Oiljak 

WJJ/w 

L may  discover  a solution  that  will  be  mutually  profitable. 


MACHINING  • STAMPING  -WELDING  • PLATING  • PAINTING  -ASSEMBLING 


The  OILJAK  MANUFACTURING  Co.,  Inc 

Montclair,  N.  J. 


The  Job  Complete — from  blueprint  to  finished  product 


EtECTRONlCS 
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Manufacturing  costs  can  be  materially 
reduced  and  conversion  speeded  up  by 
putting  the  "SX”  series  of  heavy  duty 
adjustable  perforating  dies  to  work  in 
your  plant. 

Available  from  stock  in  standard  sizes 
and  shapes  from  V6*  to  lVi'.  Continued 
reuse  in  different  groupings  spreads  orig- 
inal costs  over  a multitude  of  jobs.  Closer 
centers  permit  more  perforations  per 
press  operation.  Absolute  accuracy  on 


short  or  long  runs.  Quick  changeover  of 
hole  arrangements  contributes  to  greater 
production  from  your  presses. 

If  perforating,  notching,  slitting  or 
rounding  dies  are  used  in  the  manufac- 
ture of  your  products  and  vou  are  work- 
ing with  materials  up  to  y steel,  then 
good  business  dictates  that  you  write  for 
the  Whistler  catalogs  and  know  the  time 
and  money  saving  advantages  of  Whist- 
ler Heavy  Duty  Adjustable  Dies. 


S.  B.  WHISTLER  & SONS,  Inc. 

752-756  MILITARY  ROAD  BUFFALO  17,  NEW  YORK 
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The  engineering  features  in  SEEBURG  RECORD  CHANGERS  are 
generally  included  in  high  priced  professional 
transcription  equipment. 


the  SEEBURG  WIRE  RECORDER  is  on  electronic  engineering  achievement!  One  simple  control  knob 
operates  the  SEEBURG  WIRE  RECORDER  to  reproduce  and  record  speeches, 
. — 1 — ' \ plays,  meetings,  music,  radio  programs,  etc.  No  needles  or  discs  are  used. 


tads r 


Digitized  by  LnOOQle 


«i"iNe  hand  »«*... 

pBRATION  DETECTION  and  ANALYSIS 
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Vibra Con  Di^ai^FACTURING  Company,  InC. 
10G6  State  Street,  New  h*™ 


Position,. 


Addr 


css  .... 


VIBRATION  ISOUTOu" 


UNITS  and  mountinds  7 
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Google 
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Investigate  the  Unique  Characteristics 
of  G-f  Neon  Glow  Lamps 


T^HE  unique  characteristics  of  Gen- 
-L  eral  Electric  Neon  Glow  Lamps 
recommend  them  for  a variety  of  uses 
in  radios  and  electronic  devices  ...  as 
indicators,  voltage  regulators,  pilot 
lights  and  test  lamps. 


The  uses  described  at  right  are  typical. 
If  you  think  G-E  Neon  Glow  Lamps 
can  be  useful  to  you,  write  or  phone  the 
address  below.  Experienced  General 
Electric  Lamp  Engineers  will  be  glad 
to  discuss  your  problems  with  vou. 


Mfalso  N-E 10.  M'iitfl 
lamp).  Special  vdnn«  j 
characteristics  of  tint  hapi  id 
cate  use  as  voltage  regulitws  Sore  I 
base  lamp  available  as  M-45.1  j 

•NE-16  meets  JAN-IA  jpedSonc*  J 
for  991.  Special  marking  JCG-IM 
supplied  for  small  eitn  charge 


ORDER  NO. 


NE-45  NE-30 


Witts,  Nominal 


Volts  (Circuit) 


105-125 


105-125 


105-125 


105-125 


105-125  105-125 


105-129 


105-125 


105-125 


tkUnbased 

(Wlro 

Terminals) 


Maximum  Over- 
aft  Length 


► lamp  when  new. 

t;  wire  terminals  extend  additional 1 
foe  DC  Bashing  operation  In  RC  clrc 


® Mee,s  JAN-IA  specifications  for  991.  Special  marking  JCG-991  supplied  at  small  run  ‘ 
© Designed  for  57-07  Volts  D.C.  (O.C.  operating  voltage  at  1.5  mUHampem.  5M5  «#»>• 
* All  Bayonet  Base  Lamps  Need  External  Resistance-  - 


general 


ELECTRIC 


1 Newark  Street,  Hoboken,  N. 


1 

NF-51  For  Kiwal  Mail 

showing  t\ama  cfj 
tenritl  across  various  mm  irftkq 
cal  circuits. 
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A HIGH  VACUUM  TUBE 
PEAK  INVERSE  VOLTAGE 
ING  OF  40KV.  AVER 
ANODE  CURRENT  5 
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2BT 


E E TYPE  2BT 

available  now ! 


EE  2BT  closes  the  gap  in  rectifier 
types  suitable  for  television  appli- 
cations. It  is  a high  vacuum  type  having  high  peak 
inverse  rating,  and  expressly  designed  for  plate  sup- 
ply in  video  receivers  requiring  potentials  to  12,700 
volts  on  the  projector  tube. 

By  incorporating  the  EE  2BT  in  television  designs, 
engineers  can  now  eliminate  flashback  trouble  with- 
out specifying  a rectifier  with  ratings  considerably 
in  excess  of  actual  requirements.  For  complete 
specifications  and  for  other  important  details  that 
explain  why  the  EE  2BT  offers  exceptional  advan- 
tages to  designers  write  today. 

FAST  DELIVERY! 

Th«  popular  types  (illustrated  of  loft)  or*  now  supplied 
from  stock.  Writ#  for  dato  book,  a thirty  pop#  compila- 
tion of  oloctronic  tubo  typos,  characteristics  and  opera- 
tional Information  will  bo  promptly  furnished  on  request. 
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8 At  OFFICES:  85-47  SEVENTH  AVENUE 
T OIVISION:  25  WARREN  STREET.  NEW  T 
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MITCHELL-RAND  offers..- 


O 

different  brands 

of  *ljt intti&hzd' 

...  TO  COVER  EVERY 
KNOWN  REQUIREMENT 


F1BREGLA5  (INORGANIC)  1 

VARNISHED  TUBINGS  f 

M-R  Fibreglas  Varnished  Tubings  are  ! 

made  in  four  grades;  Standard;  Double  ' 

Saturated;  Triple  Strength  and  Im- 
pregnated. 

STANDARD  GRADE  has  maximum 
flexibility,  is  treated  with  a minimum 
of  varnish  and  recommended  for  high 
temperatures  where  dielectric  strength 
is  not  a factor. 

DOUBLE  SATURATED  has  all  quali- 
ties of  the  Standard  Grade  but  with 
additional  coats  of  varnish  to  bring  the 

dielectric  rating  up  to  1500  volts. 

• 

TRIPLE  STRENGTH  is  built  up  with 
coats  of  especially  flexible  insulation 
varnish  for  dielectric  ratings  up  to  3,000 
volts  and  is  particularly  suited  where 
assembly  operations  include  the  possi- 
bility of  rough  handling. 

FREE  FOR  THE  ASKING  ^ 

TViite.  todzLu'"  y,“' ,r" t,w  ,K’  *R 

WAU  CMART  wirtl  jH  #ngm##r. 

ing  tobies,  •lectrical  symbol*,  carrying  capacities  of 
conductor*,  dielectric  average*,  tbickne**#*  of  insulat- 
ing  material*,  tubing  cite*,  tap  drill  «ise»,  etc. 


IMPREGNATED  is  the  Optinu** 
Superiority  for  high  gloss,  non- 
scopic,  resistance  to  high  temperatur 
oils,  acids,  etc.  IMPREGNATED  has 
dielectric  rating  beyond  8,000  volts  an 
is  unequalled  for  Long  Life  Under  Most 
Severe  Conditions.  Write  For  Samples. 

FOR  USERS  OF  COTTON 
YARN  VARNISHED  TUBINGS 

The  Mitchell-Rand  MIRAC  and 
HYGRADE  Varnished  Tubings  of  long 
staple  fibre  yarn  are  comparable  *“■ 
Fibreglas  Tubings  in  dielectric  rating-, 
tensile  strength,  flexibility  and  long  life. 
Write  For  Samples. 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 


51  MURRAY  STREET 


Fiberglos  Varnished  Tape  and  Cloth 
Insulating  Papers  and  Twines 
Cable  Filling  and  Potheod  Compounds 
Friction  Tape  and  Splice 
Transformer  Compounds 


COrtlandt  7-9264 


A PARTIAL  LIST  OF  M-R  PRODUCTS 


NEW  YORK  7,  N.Y. 


Fiberqlos  Braided  Sleeving 


Fiberglos  Saturated  Sleeving,  Varnished  Tubing  Cotton  Topes,  Webbings  and  Sleevinqs 


Asbestos  Sleevinq  and  Tope 
Varnished  Cambric  Cloth  and  Tape 
Mica  Plate,  Tape,  Paper.  Cloth,  Tubing 


Impregnated  Varnish  Tubing 
Insulating  Varnishes  of  oil  types 
Eitruded  Plastic  Tubing 


PLASTICS 


Above  are  examples  of  engineered  plastics, 
produced  by  us  for  military  requirements. 
Their  design  and  production  involved  mold- 
ing techniques  that  can  be  applied  advan- 
tageously to  many  consumer  products. 


J 


I 


Familiar  uses  of  plastics  are  being  served  again.  Most  sig- 
nificant, in  suggesting  the  larger  potential  usefulness  oi 
molded  plastics,  will  be  their  successful  utilization  in 
applications  where  other  materials  have  been  used  by 
custom  or  tradition. 

During  the  war  years,  plastics  had  to  justify  selection  | j 
thru  superior  performance  under  field  conditions.  Mold- 
ing  experience  and  techniques  developed  and  improved 
during  that  period  are  now  available  to  you  thru  this 
organization. 

If  you  seek  product  betterment,  let  us  help  you  examine 
the  possibilities  in  plastics.  We  have  the  most  improv 
equipment  for  injection,  transfer  and  compression  mo 
ing.  Our  production  is  varied,  from  simple  molded  parte,  | 
produced  in  volume  on  high  speed  injection  presses,  o 
complex  assemblies,  transfer-molded  with 
metal  inserts.  Our- experience  and  complete 
facilities— from  design  to  assembly— may  ben- 
efit you.  Get  in  touch  with  us.  For  information 
on  our  services,  ask  for  Folder  File  E-12. 


Plastic  Manufacturers 

INCORPORATED 

STAMFORD,  CONNECTICUT 

Roprwwrfcrf/W  DETROIT  2 - 805-04  N.w  Cont.r  Bldg.  • LOS  ANGELES  35-1480  So.  Roborhon  Blvd. 
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MEASURE  YOUR  HIGH  VACUUMS  WITH  THIS  REVOLUTIONARY  NEW... 


HERE  ARE  THE  NEW,  PRACTICAL  FtATURtS: 

1 No  special  mountings  or  rigid  supports 
required  . . . easy  to  transport  . . . easy 
to  install. 

2 Direct  continuous  readings  save  time  and 

labor.  Its  operation  does  not  require  a 
skilled  technician. 

3 Low  temperature  heaters  . . • nothing  to 
burn  out  . . . nothing  can  be  damaged 
by  atmospheric  exposure. 


VACUUM  EQUIPMENT  DIVISION 

DISTILLATION  PRODUCTS,  INC. 

ROCHESTER  13,  N.  Y. 


THIS  fine  instrument  is  rec- 
ommended for  every  vacuum 
installation  where  pressures 
of  less  than  one  micron  are 
maintained.  For  full  details 
on  the  Knudsen  Gauge, 
high-vacuum  equipment,  in- 
stallation or  service,  write— 
High  Vacuum  Headquarters 
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Transmission  Line 
Support  Arm 


. . . to  STUPAKOFF 


IARGE  or  small,  simple  or  complicated, 
4 it  the  need  is  for  the  proper  ceramic 
insulators  the  place  to  get  them  is  Stupa- 
koft.  I wo  generations  of  experience,  en- 
gineering knowledge,  continuous  labora- 
tory research,  and  that  intangible  hut 
most  valuable  asset— ingenuity,  are  con- 
centrated on  the  solution  of  every  insula- 
tion problem  which  comes  to  Stupakoff. 
Precision  in  the  final  product  is  assured 
through  absolute  control  over  every  pro- 
cedure- from  selection  of  raw  materials 
to  final  packing. 

Quality  comes  first  with  Stupakoff,  but  is 
closdy  followed  by  efficiency  which  is  ex- 

c lu  to  every  known  economy  obtaina- 


Radlo  Tube  Colhode-Healer 

ble  through  the  use  of  up-to-date  equip- 
ment, specialized  trained  workers,  and 
modern  volume  production  methods. 

Stupakoff  takes  pride  in  its  ability  to  pro- 
duce the  finest,  most  intricate  precision 
ceramics  obtainable.  The  toughest  ce- 
ramic problem  you  can  pose  is  a chal- 
lenge to  Stupakoff  engineers,  and  thes 
never  refuse  a challenge. 
Consultation  entails  no  obligation. 
Write,  wire  or  phone  us. 


★ BUY  VICTORY  BONDS  * 


TOP  GREAT 
ACHIEVEMENT” 


STUPAKOFF  CERAMIC  AND  MANUFACTURING  CO.,  LATROBE,  PA. 
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IARGE  or  small,  simple  or  complicated, 
j if  the  need  is  for  the  proper  ceramic 
insulators  the  place  to  get  them  is  Stupa- 
koff.  Two  generations  of  experience,  en- 
gineering knowledge,  continuous  labora- 
tory research,  and  that  intangible  but 
most  valuable  asset — ingenuity,  are  con- 
centrated on  the  solution  of  every  insula- 
tion problem  which  comes  to  Stupakoff. 

Precision  in  the  final  product  is  assured 
through  absolute  control  over  every  pro- 
cedure-from  selection  of  raw  materials 
to  final  packing. 

Quality  comes  first  with  Stupakoff,  but  is 
closely  followed  by  efficiency  which  is  ex- 
tended to  every  known  economy  obtaina- 


Radio  Tube  Cathode-Heato 

ble  through  the  use  of  up-to-date  equip- 
ment, specialized  trained  workers,  and 
modern  volume  production  methods. 

Stupakoff  takes  pride  in  its  ability  to  pro- 
duce the  finest,  most  intricate  precision 
ceramics  obtainable.  The  toughest  ce- 
ramic problem  you  can  pose  is  a chal- 
lenge to  Stupakoff  engineers,  and  they 
never  refuse  a challenge. 

Consultation  entails  no  obligation. 
Write,  wire  or  phone  us. 


★ BUY  VICTORY  BONDS  ★ 


STUPAKOFF  CERAMIC  AND  MANUFACTURING  CO.,  LATROBE,  PA. 

“Piaductd  far  tAc  TOorld  SUctra*ic& 


ro» 

ACHI£VEM£NT- 


N.  Y. — Cable  Address  ARLAB  — All  Cedes 


December  — ELECTRO 


■I 


Google 


BLOW,  BULBS  OF  BATTLE,  YOU  Hi  RUES  OF  PEACE; 


EAST,  1YEST,  FORTH  AYR  SOUTH,  LET  THE  LOSE  0 CARR  EL  CEASE. 
SIRE  THE  SORE  OF  ERE  AT  JOY  THAT  THE  A REELS  BE  EAR, 
SORE  OF  ELOBY  TO  COO,  ARB  EOOB  HILL  TO  EAR.. 


1 


As  .he  tumult  and  the  shouting  die  . . . and  the  Yuletide  bells  ring  out  their  old, 
old  story  of  peace  on  earth  . . it  is  good  to  make  merry  and  wish  our  fellowmen 
all  over  the  world  . . . Merry  Christmas  and  a Grand  New  Year  . . 
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CATHODE-RAY  TUBES 

/J)  i 


Division  of  General  Electric  C°M,i ' 

OWENSBORO,  KENTUCKY 


• Write  for  your  copy  of 
" Essential  Characteristics" 
the  most  complete  digest  of 
tube  information  available. 


Whether  for  television,  for  oscilloscopes,  or  o c* 
Ken-Rad  Cathode-Ray  Tubes  are  unsurpassed  in  dear** 
of  image  and  other  qualities  born  of  advanced 
. . . Now  important  new  Ken-Rad  facilities  proflU# 
better,  more  reliable  performance,  further  aiding 
fartiirers  who  feature  these  fine  tubes  in  their  equip®*?*' 
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PRESS  WIRELESS, 


Executive  and  Sales  Office,  1475  BROADWAY,  NEW  YORK  18 


Awarded  to  our  Hicksville, 
L.  I.  plant  for  outstanding 
achievement  in  war  pro- 
duction. 


CONTROLLING  the  brilliance  of  this  small  cockpit  lamp,  made  by 
Standard  Aircraft  Products,  Dayton,  Ohio,  is  a variable  wire  woun 
Mallory  Resistor. 

This  lamp,  used  as  an  auxiliary  light  to  illuminate  the  instrument  panel  or 
any  area  in  the  cockpit,  is  only  in  diameter  and  51/fg"  long.  To  control  it, 
a standard  Mallory  Resistor  of  the  C type  was  selected  because  of  its  compact 
size  and  precision  construction  . . . rugged  enough  to  operate  efficiently  even 
when  subjected  to  extreme  vibration.  In  this  application,  a 50  ohm  unit  is 
being  used  for  12  volt  operation,  and  a 200  ohm  unit  for  24  volt  operation. 

Standard  C type  Mallory  Variable  Resistors  are  available  from  6 to  15,000 
ohms  at  2 watts.  Other  Mallory  variable  resistors  are  available  in  ratings  from 
2 to  9 watts,  and  from  0.5  to  150,000  ohms  resistance  in  single  and  mu“1PJj 
units.  Variable  carbon  resistors  range  from  5000  ohms  to  9 megohms,  fixed 
and  adjustable  wire  wound  resistors  are  manufactured  in  a broad  range  o 
resistances,  rated  from  10  to  200  watts. 

Complete  details  covering  resistors,  capacitors,  switches,  power  supplies  and 
other  standard  precision  electronic  parts  are  in  the  Mallory  catalog.  Ask  your 
nearest  Mallory  Distributor  for  a copy,  or  write  us  today. 

Make  it  a policy  to  consult  Mallory  for  engineering  assistance  while  your 
designs  are  still  in  the  blueprint  stage. 


P.  R.  MALLORY  & CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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i — .03  mfd  — weight  19  ox. 
iiie  6"  x 6"  x 7/16"  thick. 


HIGH-VOLTAGE  CAPACITORS 

FOR  RADAR  AND  SIMILAR  APPLICATIONS 


8kv  — .01 2 mfd  — weight  6 ox* 
fixe  6"  x 3"  x V4"  thick. 


Jkv  — .0028  mfd  — weight  .5  02. 
Jiie  3"  x 2"  x 1/16"  thick. 


3'/jkv— .001 67  mfd — weight  .4  ox. 
lize  3"  x 1"  x 1/16"  thick. 


6kv  — .0025  mfd  — weight  1 ox. 
Jiie  6"  X 1 Vi"  X 1/16"  thick. 


V 
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The  new  AMP  high-strength  dielectric,  and  a special  fabrication 
technique  give  AMP  Capacitors  these  outstanding  advantages: 


Approximately  25%  lighter  in 
weight;  approximately  25% 
smaller  — 

AMP  Capacitors  are  smaller  and 
lighterthan  any  other  type  of  high- 
voltage  capacitors  of  equal  ca- 
pacity and  voltage.  High  dielectric 
strength  refractory  film  plus  spe- 
cial molded  and  bonded  construc- 
tion reduce  size  and  weight  and 
eliminate  necessity  of  usual  can 
and  oil  filler. 

A 75  lev.,  0.0022  mfd.  unit  measures 
only  2-11/16"  x 7-7  8"  x 7/32" 
and  weighs  only  1.5  oz. 

Minimum  losses  — 

Complete  molding  and  bonding  of 
unit  protects  against  edge  break- 
down and  corona. 


Peak  performance  at  high  tem- 
peratures — 

AMP  Capacitors  operate  effec- 
tively at  higher  temperatures 
than  ordinary  capacitors.  Mini- 
mum capacitance  drift — less  than 
0.015%  per  degree  C.  over  a 
range  of  — 60  to  -j-  100"  C. 

' V 

High  voltage  operation  — 

Dielectric  sheets  are  homogene- 
ous, and  not  limited  to  size,  per- 
mitting use  of  very  high  voltage 
stresses  per  mil  without  corona. 
High  voltage  units  can  be  made 
in  one  piece  instead  of  usual 
assembled  sections. 


AMP  High  Voltage  Capacitors  are  made  to  specification.  Send 
specific  information  concerning  your  application.  A careful 
analysis  of  your  requirements  will  be  submitted  by  our  engineers- 


AIRCRAFT-MARINE  PRODUCTS  INC 


1521-53  NORTH  FOURTH  ST.,  HARRISBURG,  PENNA 


OAVID  C.  ORROCK.  1405  Biihop  St.,  Montreal,  Oue 
In  Canada:  F.  N.  ADAMS,  726  Homer  Street,  Vancouver,  B C 

F.  MANLEY  CO..  43  Victoria  Street.  Toronto.  Ont 
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COPPER 

SULPHIDE 


offer  you  these  advantages : 

They  ore  COMPACT  — SILENT  — DEPENDABLE 
TROUBLE-FREE  — RUGGED  — and 

They  are  ADAPTABLE  for  power  outputs  from 
Milliwatts  to  Kilowatts. 

Many  rectifier  applications,  heretofore  considered 
impractical,  have  been  devised  by  B-L  Engineers. 
It  is  more  than  likely  that  they  can  be  of  assistance 
in  solving  your  problems  of  converting  AC  current 
to  DC  . . . Write  for  Bulletin  R38-a. 

THE  BENWOOD-LINZE  COMPANY 

ISIS  LOCUST  STREET  • ST.  LOUIS  3,  MO. 

Long  distance  telephone  CEntral  5830 


Also  manufacturers  of  high 
grade  cotton  and  silk  cov- 
ered wires,  cotton  and  silk 
coverings  over  enamel  coated 
wires,  and  all  constructions 
of  Lltx  wires.  A variety  of 
coverings  made  to  cus- 
tomers' specifications,  or  to 
requirements  determined  by 
our  engineers.  Complete  de- 
sign and  engineering  facili- 
ties are  at  your  disposal; 
details  and  quotations  on 
request. 


ENAMELED 

MAGNET 

WIRE 


A product,  resulting  from  many  years  of 
research  in  the  field  of  fine  wire  manu- 
facture, that  meets  the  most  rigid  re- 
quirements of  radio  and  ignition  coils. 
A new  coating  method  gives  a smooth, 
permanently  - adherent  enameling,  and 
mercury-process  tests  guarantee  perfect 
uniformity.  Great  flexibility  and  tensile 
strength  assure  perfect  laying,  even  at 
high  winding  speeds.  If  you  want  re- 
duction in  coil  dimensions  without  sacri- 
ficing electrical  values,  or  seek  a uniform, 
leakproof  wire  that  will  deliver  extra 
years  of  service,  this  Hudson  Wire 
product  is  the  answer. 
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CAPACITY... 

for  the  hard-to-do 

When  the  assembly 
of  your  product  re- 
quires a special  fas- 
tener or  cold-forged 
product,  call  on  our 
consultant  service  to 
help  you  at  no  obli- 
gation to  you.  We 
are  equi pped  to 
manufacture  cold- 
forged  specialties  in 
a wide  range  of 
metals,  sizes  and  de- 
signs, in  large  or 
small  quantities.  In 
most  instances,  too, 
you'll  find  that  cold- 
forging  your  special 
part  represents  a 
saving. 
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HIGH  VOLTAGE 


..keyed  to  eve 

installation  need! 

Electronic  communication  circuits  areXa 
proving  ground  for  electrical  insulation. 
The  varied  conditions  imposed — high  voltage, 
heat,  climatic  exposure,  battery  acid,  fumes, 
etc. — make  several  insulations,  each  with  spe- 
cific characteristics,  essential.  To  meet  these 
diversified  requirements,  TURBO  engineers 
have  developed  four  types  of  sleevings  that 
assure  unfailing  operation  under  any  given 
operating  condition.  Each  is  supplied  in  a 
full  range  of  colors  and  sizes  that  speed 
installation  and  simplify  maintenance. 

fl&Q 


FLEXIBLE  VARNISHED  OIL  TUBING:  offers  im- 
munity to  corrosive  filtpes,  acid,  alkalis  and 
most  solvents,  with  enduringly  high  dielectric 
values.  It  is  impervious  to  moisture  and  non- 
hygrokcjspic.  'V 

VARNISHED  GLASS  TUBING:  capable  of  func- 
tioning in  high  ambient  temperatures— en- 
closed motors,  unventilated  areas,  and  generaT 
heavy  duty  installations- 

WIRE  IDENTIFICATION  MARKERS:  two  types— 
sleeve  type  that  slips  directly  oyer  pipes, 
tubes,  conductors;  and  tab  type  with  flexible 
flag  attached  to  sleeve.  Both  available  in  any 
marking.  ' 

Write  today  for  free  Specimen  Board  with 
samples  and  sizes  of  each. 


WILLIAM  BRAND  & CO. 

276  Fourth  Ave.,  New  York  10,  N.  Y.  • 325  W.  Huron  St.,  Chicago  10,  II 
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PLASTIC 

PRODUCTS 

Here  at  Rogan,  you  are  invited  to  avail 
yourselves  of  our  complete  knowledge  and  long 
experience  in  all  phases  of  plastic  molding. 
Our  staff  of  trained  experts  will  be  glad  to 
assist  you  with  your  plastic  problems,  no 
matter  how  involved  or  comprehensive. 

In  addition  to  compression  molding,  we  also 
offer  an  exclusive  "deep  relief  branding 
process  that  goes  a long  way  toward  reduc- 
ing the  cost  of  plastics  that  must  bear  mark- 
ings, lettering  or  other  descriptive  matter. 

Write  for  facts  on  this  lower  cost,  combina- 
tion service  today. 

ROGAN  BROS. 

Compression  Moldors  and  Brandors  of  Plastics 

2003  S.  MICHIGAN  AVENUE  • CHICAGO  U,  ILLINOIS 


/-O^THrLcLS 


Doughnut  Coils  for  electronic  and  telephone  purposes. 
High  Permeability  Cores  are  hydrogen  annealed  and 
heat  treated  by  a special  process  developed  by  DX  engi- 
neers. Send  us  your  "specs"  today— ample  production 
facilities  for  immediate  delivery. 


DX  RADIO  PRODUCTS  CO. 

GENERAL  OFFICES  1200  N CLAREMONT  AVE  . CHICAGO  77.  Ill . USA 


AB^jerylce 

Bom  of  Our  ! 

Wartime  Experiendl 

With  the  nation  engaged  in  alle^" 
war,  transportation  became  a fac- 
tor of  dominating  importance. 
Every  form  of  ahipping  wea  » 
monad  into  action.  Railway  fr 
presa,  equipped  to  deliver  nation* 
wide  aervice  in  peacetime,  am 
auddenly  called  upon  to  naa  W 
complete  reeoureee  in  equipmW 
and  organization  to  cope  with  «• 
moat  preaaing  demand!  in  tewy. 

During  the  furt  *i*  month*  ctww, 

the  Government  expreaa  tramc  eaa 
42  time*  heevier  then  fot  the  to- 
ri re  year  of  1939. 

Qun,  Tank  and  Engine  P«t»* 

Seruma  and  Druga.'.UrfMtaBd 

atratagic  matetiai  bad  to  mm 
apeadlly  and  accurately,  aad^ 
tremendous  volume.  At  the 
time  the  fart  and  unintmuptad 

flow  of  raw  matanala  and  faMm 
product!  to  end  from  inonumt®- 

jng  ptonta  waa  a areitima  awaoaat 

Camp  and  Baae  Eapno* 

...  The  pamonal  package  traBc 

between  borne* andcampammK 
million*  of  ahipmanfr  dally.  Rjj 


this  important 


baton  of  wattim 


aervtce.  .. 

n.u.  . . . Hlab  «P— d bate* 

SlHUi  nfrig«5»  “T 


can  wounded.  Over  Smilli" 
plots  of  blood  wan  thippm  ■ 
this  manner  by  Expm»* 

destinations  through  23,000  w 


COILS 


’the  heart  of  a qood  receiver' 


War  Bog*  fa*  Ike  M Carp*  -; 


with  afgnol  auceea*. 

The  above  ia  e partial 
wertim.  Bxpren jmvme  Teto 
with  the  return  of  po*“' ” ^ 
adding  to  our  fodtitn.  *U  «*“* 

during  our  long  nation-wide 
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is  a better  answer  to  (ommunkations  requirements? 


Which  offers  the  most  advantages  in 
your  present — or  future — applications? 

If  space  . . . weight . . . ease  and  cost 
of  assembly  . . . are  factors  at  all,  the 
answer  is  plain:  HIPERSIL  Cores  can 
make  a tremendous  difference  in  sim- 
plifying manufacture,  as  well  as  in 
providing  important  improvements  in 
performance. 

HIPERSIL — the  high-permeability 


silicon  steel  with  % greater  flux-carrying 
capacity — opens  up  new  possibilities  in 
electronic  transformer  design  and  manu- 
facture. Full  data  on  HIPERSIL  charac- 
teristics and  the  advantages  of  Type  “C” 
Cores  may  suggest  new  and  better 
answers  to  your  problems.  Contact  your 
Westinghouse  representative  or  write 
Westinghouse  Electric  Corporation,  P.O. 
Box  868,  Pittsburgh  30,  Pa.  j.  70466 


louse 

FRCES  FVCTYWHEHf 

I P E R S I L 

r ^“tered  trade  mark 


AVAILABLE  FOR  PROMPT  DELIVERY 

Hipersil  Type  "C"  Cores  are  available  for  prompt  delivery  in  a 
complete  range  of  sizes,  as  required,  and  in  five  lamination  thick- 
nesses: 29  gauge,  5 mil,  3 mil,  2 mil  and  1 mil. 
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WEAR  RESISTANT 


NON- ABRASIVE 


NON-CORROSIVE 


NON-MAGNETIC 


SUPER-POLISHED 


Note,  All 
fyp,  furno 
oxidized  I 
insulation. 


MODEL  62 

VACUUM  TUBE  VOLTMETER 

SPECIFICATIONS: 

RANGE:  Push  button  selection  of  five  ranges— 1,  3, 10,  30  and  100  volts  a.  c.  or  d.C 
ACCURACY:  2%  of  full  scale.  Useable  from  50  cycles  to  150  megacycles. 
INDICATION:  Linear  for  d.  c.  and  calibrated  to  indicate  r.m.s.  values  of  a sine- 
wave  or  71%  of  the  peak  value  of  a complex  wave  on  a.  c. 

POWER  SUPPLY:  115  volts,  40-60  cycles — no  batteries. 

DIMENSIONS:  4%’’  wide,  6 ' high,  and  8Va"  deep.  WEIGHT:  Approximately  6 lbs. 
PRICE:  $135.00  f.o.b.  Boonton,  N.  J.  Immediate  Delivery 

MEASUREMENTS  CORPORATION 

BOONTON,  NEW  JERSEY 


RESISTANCE 
WIRE 


ALLOY  "A":  Nickel-chromium  alloy,  re- 
sists oxidation  at  extreme  temperatures. 
Essential  for  operating  temperatures  up 
to  2 1 00°  F.  Also  used  for  cold  resistance. 
Resists  chemical  corrosion  by  many  medio. 
Non-magnetic;  specific  resistance,  650 
ohms/C.M.F. 

C.  O.  JELLIFF  MFG.  C0RP. 

1M  PEQUOT  AVE.  • SOUTHPOET.  COM. 


RESISTANCE 

WIRE 


ALLOY  "C":  Nominally  contains  60“. 
nickel,  15%  chromium,  and  balance  iron. 
High  resistance  to  oxidation  and  corro- 
sion. Widely  used  in  resistances  for  rad* 
and  electronics,  industrial,  and  domes- 
tic  equipment.  Operating  temperature 
up  to  1700°  F.  Specific  resistance  675 
ohms/C.M.F. 

c.  O.  JELLIFF  MFG.  C0RP. 

123  PEQUOT  AVE.  * SOUTHPOR^COMN^ 


RESISTANCE 
WIRE 


ALLOY  "180":  Nickel-coppor  pHoyT* 
resistivity  of  180  ohms/C.  M.F.WH* 
used  for  resistor  elements  up  to  750 
..••/•I  Cnr  radio  controls,  miqndr 


123  PEQUOT  AYE. 


PERMO 


6427  RAVENSWOOD  AVE.,  CHICAGO  26 
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3.  JELLIFF  MFG.  C®JJ| 

EQUOT  AVE.  • SOUTH**-' 

All  olio,,  or.  P lr*M, 
imaces,  and  or 

d finish , also  with  •no'"*'* 
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you 


civn 


pe/  /o  m&’z/c  mii/i  plastics 

NOW 


Here’s  a new  Dow  plastic  that  give; 
plans  to  work — RIGHT  NOW!  Mo 
development — its  durability  and  effc 
able  for  the  many  peacetime  jobs  tl 
the  thing  you  need.  Suggested  a 
home  appliances,  sporting  goods.  Fi 
takably  to  a world  of  opportunities 
Full  data  is  waiting  for  you.  Push 
Styraloy  at  once! 


here’s 

HOW 


you  the  rare  opportunity  to  put  your  plastic 
£t  plastics  are  still  short.  But  this  new  Dow 
ctiveness  proved  in  war — is  now  freely  avail- 
at  call  for  its  unique  qualities.  It  may  be  just 
ications  include  tools,  electrical  insulation, 
experience  and  Dow  research  point  unmis- 
for  new  and  profitable  civilian  applications, 
kour  plastic  program — NOW — ask  Dow  about 


P >1 
i :ld 


STYRALOY 


SOMt  THING  REALLY  DIMEREMT  IN  PLASTICS 

For  better  insulation.  tool  handles,  and  products  at  varied  as 
scuff  plates,  floor  mats  and  fittings  or  gaskets,  Styraloy  is  the 
answer  to  tough  service  demands. 

(HECK  THESE  PROPERTIES 

High  dielectric  strength,  low  power  loss;  flexible  and  shock 
resistant  from  -90°  to  212°  F.;  light  weight;  negligibje  water 
absorption;  resists  heat,  many  chemicals,  permanent  indenta- 
tion and  abrasion;  easily  machined. 

THE  DOW  CHEMICAL  COMPANY,  MIDLAND,  MICHIGAN 

N*w  Yort  • lotto*  • Btilodalphlo  • WoUilngtatt  • CUv«la*d  • Dslrotl  • CMcoee 
St.  tool,  • Hootton  • So»  fronciKO  • Lot  • Ssottt* 


PLASTICS 

STYRON  • STYRALOY  • ETH0CEL 
ETHOCEL  SHEETING  • SARAN  • SARAN  FILM 


ELECTRONICS  — December  1945 


Digitized  by 


Google 


MOVES 

AIR 


STA-WARM  ELECTRIC  CO 

1000  N.  CHESTNUT  ST.  • RAVENNA.  OHII 


HEW  TOW  1 


...  15  CUBIC  FEET  A MINUTE 

The  No.  114*  is  one  of  many  blowers  manufactured  by  the  l-R  Mfg.  Div.  with 
C.F.M's  at  8000  R.P.M.  ranging  from  15  to  270.  They  will  outperform  many 
larger  types  and  where  size  and  weight  are  factors,  they  solve  cooling  problems 
presented  by  electronic  tubes  or  circuit  components  in  airborne  communication 
units  as  well  as  in  many  industrial  applications. 

‘WEIGHT:  2 oz.;  CAPACITY:  IS  C.  F.  M.  at  8000  R.P.M.;  CONSTRUCTION:  Hauling 
of  high  Impact  phenolic  plastic.  Wheel  is  turbo  type  cadmium-plated  sts.l;  SIZE: 
2*"  long  > 61/64"  wid.  « 2W  high. 

l-R  MANUFACTURING  DIVISION  OF 


WOLLASTON  PROCESS 
Wire  as  small  as 
] (OF  AN  INCH 
100.000  | IN  DIAMETER 

. . . available  it  fUritm 
and  some  other  Mefoli 

.00001"  is  less  than  1/30  Hi* 
diameter  of  the  smallest  wir* 
die  commercially  avoilabl*. 
Yet  our  Wollaston  Proc*» 
wire  (drawn  in  o silver  jacket) 
closely  meets  your  specifica- 
tions for  diameter,  resistant* 
and  other  characteristics. 

• 

This  organization  •P*ciali‘,‘ 
In  wire  and  ribbon  of  smaller 
than  commercial  sliw_  , 
closer  than  commercial  towr 
Writ,  tor  Usl  •» 


sistance  wire  constitute  the  heating 
element  in  Sta-Warm  tanks.  This 
heating  element,  in  a wide  variety 
o!  circuits,  blankets  sidewalls  and 
bottom  of  each  tank  or  pot  to  give 
widest  distribution  ol  heat  at  black 
heat  temperatures,  thereby  resulting 
in  low  wattage  per  square  inch  of 
tank  surface  and  aiding  the  long 
useful  life  of  the  heater.  Depend- 
able thermostats  assure  maintenance 
of  proper  temperature  having  practical  variation  of  plus  or  minus  5°  F. 
Heating,  melting  or  dispensing  of  compounds  will  be  a problem  to  you  no  longer 
...  if  you  specify  Sta-Warm."  Why  not  inquire  today  for  new  bulletin  038W? 


Of  this  I gal.  Sta-Warm  CN  dispensing  pot.  the 
Kellogg  Brush  Mfg.  Co.  says  “Your  dispensing  pots 
have  operated  in  our  plant  for  years  without  adjust- 
ment or  failure."  Pot  Is  here  soon  loading  brush 
handle  with  thermal  chemical  compound  before 
Inserting  brush  frame. 


Why  not  inquire  today  lor  new  bulletin  038W? 


December  IM5  - H.ECT*°NlCS 
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INJECTION 

molding 


molding 

COMPRESSION 


PRODUCTS  Go*po*ako*t' 

Y STREET.  SCRANTON  7.  PA. 


RUSTIC 


When  Consolidated  originally  developed 


transfer  mold  for  this  intricate  Terminal 
icfc  (illustration  A),  provision  was  mode  for  a 
ultiplicity  of  threaded  brass  inserts-and  while 
meant  no  trouble  for  us  to  odd  two  more  inserts 
or  the  projecting  switch  stops  . . . trouble  did  occur  in 
actual  service;  it  was  difficult  for  the  brass  stops  to  main- 
tain their  functional  accuracy. 

As  "Accuracy  Headquorters;  this  problem  become  Co"'011* 
dated’s  problem! ...  And  in  illustration  (B)  you  now  see  the  solu- 
lion  plastic  stops . . . integrally  molded,  to  closest  tolerance,  right 

According  to  customer's  reports,  this  change  proved 


on  example  of  Consolidated's  tlex.bihty.  uur  nnow-now 
mold  making  and  processing  is  such  as  to  permit  changes 
rovements-ond  thus  assure  perfect  performance 
ilso  indicative  of  Consolidated's  desire  to  serve.  Inquiries 
,se  whose  present  problems  or  plans  have  reached  the 
..  r«_c„lMo»ed  auarantees  your  blueprint  in  plastic- 


Ik 

Cl 

1 

s 
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ALNICO 


PERMANENT  MAGNETS 

Specializing  in  the  production  of  highest  quality 
Alnico  Magnets  in  all  grades  including  new  triple 
strength  No.  S. 

Production  material  checked  to  assure  highest 
uniform  quality  of  product. 

Castings  made  to  customer's  special  order  on 
the  basis  of  sketches  or  blueprints  furnished. 

Information  and  suggestions  furnished  on  request. 

GENERAL  MAGNETIC 


C O R P O 


A T I O N 


MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  ALLOYS 


2126  E.  Fort  Street 


Detroit  7,  Michigan 


IT  HINGES 


Pie# 


HINGED  UNIVERSAL 
LINK  JOINT-Type  H 


110  E 42nd  STREET,  NEW  YORK  17,  N Y. 


Stokes  MICRO  VAC  Pumps 

HEART  or  HIGH  VACUUM  SYSTEMS 


This  Piero  universal  link  joint,  new  in  principle,  transmits  motion  around  comers  and 
permits  operation  oi  shafts  at  angles  from  0°  to  90°.  Easily  installed  with  solid  shafting; 
flexing  or  backlash  is  negligible.  The  input  and  output  shafts  turn  in  exact  angular 
rotation.  It  is  recommended  for  operation  of  dial  and  rheostat  controls,  switches,  variable 

condensers  and  transformers,  coils,  and  other  mechanical  adjust- 
ments.  Write  for  folder  45A  giving  complete  data  and  specifications. 


PIEZO  MANUFACTURING 
CORPORATION 


* Higher  Vacuum  (in  IM 
low  micron  range) 

* High  volumetric  efficiency 

* Low  power  requirement 

► Complete  discharge  of  air 
— no  re-erpansion 

i Continuous  dehydration  of 

t oil  _ no  moisture  to  re- 
evaporate 

* Discharges  sudden  slug* 
of  liquid  without  injury 

* Easily  accessible,  non-cor- 
rosive discharge  valve 

* Rugged,  compact,  simple 
construction 

* Long  life  . . . negligible 

maintenance 

e Five  sizes— from  10  to 
cu.  ft.  per  min 

VACUOM  GAU 

i Are  Always  Accur 


m ■..?**  - 


• Require  no  calibration 

• Rapid  reading*  and 

• Simple  lo  operate  tu*r 

,ea<i  j 0 to  SM®  “ 

• Two  model*  IAAI  0 ^ 

^rt/io°rr 

F.J.  STOKES  MACHINE^ 

6046  Tabor  Rood  Flttsd*^ 


PUMPiloAoeM^OEir 


o O W CO  R MIHC 


SILICONES 


increase  permissible  operating 


temperatures  by  more  than  10U°C. 


100  200  300  - 400 


.I4^_ 


rA 


_ 

_ 

4 

3 


n: 


S-— 


w 


Today  many  accepted  engineering  limita- 
tions are  being  swept  away  by  revolutionary 
new  Dow  Coming  silicone  materials,  de- 
signers are  making  major  product  improve- 
ments—coupled  with  important  economies— 
never  before  possible. 

Here's  a specific  example.  Dow  Coming  var- 
nishes and  resins— because  of  their  unique 
resistance  to  high  temperatures— make  it 
possible  to  redesign  or  rewind  electrical 
equipment  for  increased  horsepower  output 
per  unit  weight.  At  the  same  time  they  greatly 
prolong  equipment  life  under  adverse  oper- 
ating  conditions  and  reduce  overload  failures 
and  fire  hazards. 

The  recent  development  of  IE  996,  a Sili- 
cone Varnish  which  cures  at  300°F.,  enables 
any  electrical  maintenance  or  rewind  shop 
to  secure  the  greater  operating  economies  ot 
Silicone  Insulation. 

In  other  industries  Silicone  materials  also 
make  possible  operations  which  were  pre- 
viously impossible  or  very  expensive.  Consult 
Dow  Coming  for  particulars. 


IN  THE  ELECTRICAL  INDUSTRY,  FOR  EX*MP^ 

This  tMt  motor  wound  with  SWcon.  location  j 

nately  saturated  with  moisture  and  P*  ,i<jn  ol  failure, 

by  resistance,  lor  a total  of  2 W°"Y^tauoS  operation 
Silicone  Insulation  means  reliable  ana  con 
under  most  advsrM  condition*. 

DOW  CORNING  CO«;0«»TION 

MIDLAND,  MICHIGAN 

NEW  ,OK  oVmC  « «*" 


ELECTRONICS  — December  194S 


Digitized  by 


Google 


ELECTRIC 
SOLDERING  IROHS 

are  sturdily  built 
for  the  hard  usogt 
of  industrial  sen- 
ice.  Have  pit; 
type  tips  and  on 
l constructed^  | 
k the  unit  sys- 
I tem  with  eochl 
A vital  port, 
B such  os  heat- 

■ ing  element, 

■ easily  remov- 
H able  and  re- 
HU  placeable.  I' 

5 sizes,  from 
JWO  watts  to 
«^»550  watts. 


TEMMMATURI 

REGULATING 

STAND 

Thl»  Is  a thermoatatleaBy 
controlled  device  for  the 
regulation  of  the  tempera- 
ture of  an  electric  sok)«lnfl 
Iron.  When  placed  on  and 
connected  to  this  •****• 
Iron  may  be  maintained  at 
working  temperature  or 
through  adjustment  on 
bottom  of  stand  at  low  or 
warm  temperatures. 


PROGRESSIVE  DIES  ('*T(*aa*a 


GOAT  PRECISE-FORMED  STAMPINGS 

SdUtc  (rt 

New  techniques  in  construction  and  uso  of  high  speed,  auto- 
matic, single  operation,  multiple-stage,  progressive  dios,  in 
conjunction  with  tho  GOAT  Precision  Feed  (U.  S.  Pat.  No. 
2,250,520),  mako  possible!  highor  production  speeds,  lowor 
scrap  losses,  lots  tool  maintenance,  overall  lower  costs,  and 
doser  tolerances  than  ever  before  possible.  On  lots  of  500,000 
or  more  the  savings  are  indeed  worthwhile. 


Submit  toUKftle*  vt  cOuuvtKf* 


frvi  C44t 


GOAT  METAL  STAMPINGS,  INC. 

Affiliate  of  The  Fred  Goat  Co.,  Inc. 

314  DEAN  STREET  BROOKLYN  ,N.  Y. 


KUSt  RELAYS 

PROVIDE  DELAYS  RANGING 
FROM  I TO  120  SECONDS 


Other  important  features  include:— 

1.  Compensated  for  ambient  temperature 
changes  from  —40°  to  110°F. 

2.  Contact  ratings  up  to  115V- 10a  AC. 

3.  Hermetically  sealed  — not  affected  by  al- 
titude, moisture  or  other  climate  changes  . . . 
Explosion-proof. 

4.  Octal  radio  base  for  easy  replacement. 

5.  Compact,  light,  rugged,  inexpensive. 

6.  Circuits  available:  SPST  Normally  Open; 
SPST  Normally  Closed. 

WHAT'S  YOUR  PROBLEM?  Send  for  "Spe- 
cial Problem  Sheet”  and  Descriptive 
Bulletin. 


Forfurlhf  it4ormdio"  of 

dutcriplhf  w 


AMPERITE  CO. 


561  BROADWAYl 
NEW  YORK  12,  N.  Y.  I 


In  Canada:  Atlas  Radio  Corp.,  Ltd. 
560  King  St.  W..  Toronto 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 

DETROIT  2,  MICH.,  U.S.A- 
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Double  Check  All  Possible 
Operating  Service  Conditions 


Install  Rockbestos  Permanently 
Insulated  Wire  and  Cable 


125  different  permanently  insulated  wires, 
cables  and  cords  developed  by  Rockbestos  to 
meet  unusual  and  severe  operating  conditions • 


ROCKBESTOS  FIREWALL  RADIO  HOOKUP  WIRE 


Suet  .Vo.  IS  to  4 A WO  in  1000  volt  rating.  ami  So.  It,  14  16  A WO 

Ml  9000  roil. 


The  first  lightweight,  small  diameter,  flame-resistant 
hookup  wire,  designed  in  1937  and  widely  used  since  in 
airborne  and  ground  communication  systems,  electronic 
devices,  instruments  and  apparatus.  Operating  tem- 
peratures range  from  1*5°  to  minus  50  ( . Also 
with  tinned  copper  shielding  braid  and  in  twisted  pair 
or  tripled  construction. 


ROCKBESTOS  TYPE  CA  LEAD  WIRE 
Ha.,  high -dielectric  strength  and  moisture  resistance  for 
use  where  heat  and  humidity  are  encountered,  fro.  x 
to  8 AWG  solid  or  stranded  copper,  monel  or  nickel 
conductors  insulated  with  synthetic  tape  and  various 
thicknesses  of  felted  asbestos  finished  in  black,  whi  e 
or  colors  for  coding  purposes.  Also  w ith  All-Asbes  os 
insulation  only,  for  high  temperature  applications 
where  moisture  resistance  is  not  required. 

ANOTHER  NEW  ROCKBESTOS 


FIREWALL  CONSTRUCTION 
A 4 0 0 ° F . WIRE 

War-developed  Roekbesto,  High-Temperature  Wire- 
1 dth  a maximum  operating  temperature  °J  4 • . 

■gned  for  jet  propelled  plane  applications  and l c reu»« 
to  hot-wmg  t&icim,  fire  detector,  and  ex  ingu.shc  s, 
and  air  conditioning  and  heating  unit,  where  baking 
temperature,  destroy  ordinary  msulati  • ■ 

tinuou,  operation  at  rateii  temperature  i 
original  dielectric  strength  and  inherent  real 
heat  and  flame,  and  progressively  improve,  m it*  je- 
Stance  to  moisture  and  abrasion.  Now  available  for 
these  and  other  severe  applications.  rite  for  co  i p 
information  and  samples. 


Advanced  wire-planning  will  tell  you  what  you  11  n 
a wire  to  withstand  high  ambient  and  operating  tei 
tures,  abrasion,  vibration,  overloads,  moisture,  oil,  gre 

Checking  actual  operating  conditions  and  adding 
safety  margins  will  help  take  care  of  the  unusual  : 
requirements  that  the  product  gets  in  operation. 

Installing  Rockbestos  wires,  cables  and  cords  give 
products  trouble-free  wire  performance  under  seven: 
ating  conditions. 

Inherently  heatproof  and  fireproof,  permanently  in 
Rockbestos  has  an  impregnated,  asbestos  insulation  tha 
stands  conductor-heating  overloads  and  high  ambie 
won’t  dry  out,  crack  or  bake  brittle.  Because  the  ins 
resists  oil,  grease,  moisture  and  alkalies,  it  won  t 10I 
bloom  or  swell. 

Rockbestos  wires,  cables  and  cords  are  available 
standard  constructions  . . . each  and  every  one  has 
manent  asbestos  insulation  that  assures  long-lived  pei-foi 
under  severe  conditions.  And  for  applications  where  a 
ard  won’t  do  . . . Rockbestos  Research  will  go  to  woi 
“special”  construction  to  meet  your  particular  require 
For  samples,  wire  recommendations  or  wire  assistance 
nearest  district  office  or. 


ROCKBESTOS  PRODUCTS  CORPORATION 


430  Nieoll  St.,  New  Haven  4,  Conn. 


INVEST  IN  VICTORY  BONDS 


ROCKBESTOS  RESEAF 


New  York  Buffalo 
Los  Angeles 


Solves  Difficult  Wiring  Probleir 

Buffalo  Cleveland  Chicago  PirrsborKh  St. 
a ,«  Sail  Francisco  Seattle  Portland,  Ore. 
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Google 


complete  and  diversified  for  every  phase 
of  electronic*  manufacture! 


(A)  No.  600-KC3P,  50  KVA 
Preii  Type  Spot  Welder,  3 
Spot*.  Air  Operated,  18" 
Throat — o high  production 

unit. 


(B)  No.  57-81  New  Eisler  8 
head  type  Tipless  Sealing 
Machine.  Adaptable  for  all 
types  and  sizes  of  bulbs. 


(C)  EISLER  Special  Trans- 
formers and  Reactors  — 
high  or  low  voltage;  air 
cooled,  oil  immersed  or 
uncosed. 


CHAS.  EISLER 

EISLER  ENGINEERING  CO 


751  SO.  1 3th  STREET  (Near  Avon  Ave.)  NEWARK,  NEW  JERSEY 


Wholesale  Dntubuto'i 
RADIO-ELECTRONIC  SUPPLIES  t p- 
17  Union  Squorc 

NEW  YORK  3,  N.  Y. 

4-81 J2-3 -*-5 


Phoney  Algonquin 


of  specialized  of  devices  for  vacuum  tube 
ond  devices  is  . . 

Included  are  ~ 9 °‘*  ,obe  tuM,rs- 
elders  — spot,  **<»ling  machines  as  well  as 
pneumatic  and  line  of  transformers  for 

d are  hundreds  trial  and  general  need. 

IER  serves  99%  of  American  vacuum  tube  pro- 
lodoy.  Write  for  completely  illustroted  cotolog. 


Dalis  carries  as 
outstanding 
stock— most  Hems 
right  oil  the 


BECKMAN 


l\oiv  available  for 
civilian  electronic  applications 


THE  HELIPOT-a  Beckman  development  widely  used  Bring 
the  war  on  such  precision  instruments  as  radar,  flight  control 
units,  depth  sounding  devices,  and  other  critical  electronic 
equipment  — is  now  available  to  manufacturers  and  users  of 
civilian  electronic  instruments! 


precision  slide  wire  coiled  helically  into  a small  case  and 
equipped  with  a slider  contact  assembly  that  is  moved  in  the 
usual  manner-by  rotation  of  a shaft.  A simple  device  auto- 
matically guides  the  slider  contact  over  the  helical  path  of  the 
resistance  winding  so  that  the  entire  length  of  the  wire  can  be 
contacted  by  rotation  of  one  knob. 

This  unique  design  enables  the  Helipot  to  occupy  no  more 
panel  space  than  a conventional  single-turn  rheostat.  Yet  the 
greatly  increased  length  of  the  resistance  winding  provides  a 
new  standard  of  high  accuracy  and  wide  resistance  range  in 
one  unit.  It  means,  for  example,  that  a ten-turn  Helipot  has  ten 
times  the  fineness  oj  adjustment  possible  with  a single-turn 
rheostat  of  the  same  range.  Or  conversely,  for  the  same  fineness 
of  adjustment  a ten-turn  Helipot  has  ten  times  the  range. 


The  Beckman  Helipot  is  a unique  new  type  of  potentiometer- 
rheostat  which  combines  in  one  compact  unit  both  the  wide 
resistance  range  and  extreme  fineness  of  adjustment  heretofore 
usually  obtainable  only  through  use  of  two  separate  rheostats, 
two  control  knobs,  two  adjusting  operations.  It  is  outstanding 
for  all  types  of  precision  electronic  equipment  requiring  high 
linearity,  wide  range  and  precise  resistance  control. 


IMPORTANT  HELIPOT  FEATURES 


Cutaway 

View 


Precise  Settings  - Becau.* 

of  th*  many-time*  longer  slide 
wire,  settings  can  be  made  with 
an  accuracy  impossible  with  tingle 
turn  units. 


High  Linearity- At  a result  of  fulfill- 
ing wartime  requirements  for  ultra-precision 
circuit  controls,  Helipot*  are  mass-produced 
with  linearity  tolerances  of  one  tenth  of  one 
per  cent— and  even  less! 


Low  Torque— Of  special  in- 
terest for  power-driven  applica- 
tions—the  Helipot  hat  unusually 
low  torque  characteristics.  Th* 
I Vi"  Helipot,  for  example,  hat  a 
torque  of  only  one  inch-ounce. 


Wide  Ranges y coiling 

a long  potentiometer  slid* 
wire  info  a helix,  th*  Helipot 
provides  many  times  the  rang* 
passible  with  a tingle  turn  unit 
of  comparable  diameter  and 
panel  space  requirements! 


Write  for  further 
details! 


•HELIPOT— T.  M.  Reg. 

(from  HELIcal  ROTentiometer) 


cckman  Helipot  is  precision-built  of  the  finest  materials  and 
signed  for  use  in  all  types  of  high  quality  electronic  instru- 
•s  where  accuracy,  sensitivity,  wide  range  and  positive  opera- 
°re  required.  Why  not  investigate  its  use  to  increase  the  accu- 
’ convenience,  the  efficiency  of  your  quality  electronic 
ucls?  Our  engineers  will  be  glad  to  explain  how  the  Helipot 
. 1 application.  Write,  briefly  outlining  your  needs  and 


° TYp 

Severaltv, 


UP  to  . 
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Manufacturers  of  Precision  Electrical  Resistance  Instru, 

337  CENTRAL  AVE.  . JERSEY  CITY  7 , 


MIDGET 

TYPE 

600 


“Midget"  model 
•s  especially  de- 
signed for  crowd- 
ed apparatus  or 
portable  equip- 
ment. 


• Solid  silver  contacts  and  stainless  silvei 
alloy  wiper  arms. 

• Rotor  hub  pinned  to  shaft  prevents  un- 
authorised tampering  and  keeps  wiper 
arms  in  perfect  adjustment. 

• Can  be  furnished  in  any  practical 
impedance  and  db.  loss  per  step  upon 
request. 

• TECH  LABS  can  furnish  a unit  for  every 
purpose. 

• Write  for  bulletin  Ne.  4*1. 


standard 

TYPE 

700 


FOR  THAT  PORTABLE 
EQUIPMENT  YOU'RE  PLAMIK 

Space-saving  Aim  wncHT-Mrara.fl** 
miniature  meters  provide  design  mu- 
plicity  . . . with  no  sacrifice  is  w*- 
racy. 

Scales  are  sharply  deflaed—esST  to 
read.  Accuracy  is  within  the  2^ 
clfied  in  the  AWS.  And  they're  engi- 
neered and  constructed  to  r*WnJ" 
calibration  ...  with  extremely  gtt 
sensitive  moving  element,  AlnicoM.i 
magnet,  precision  pivots,  jews 
tags,  hermetlcal  sealing 
other  quality  features.  Shoct Sta- 
tion, temperature  extremes,  moist® 
are  resisted  successfully. 

These  1'4  os.  instruments  have 
requisite  sensitivity  for  mw 
tronic  applications.  And 
poses  where  the  measured  qtnmTO 
depends  upon  electrical  vartsUom. 
Available  in  standart 
100  microamperes  tough  10  _ „ 
amperes  ...  and  0-10  and  0-M 
volts.  Adapted  to  other  ranges  m 
standard  shunts,  multipliers.  recafle* 

• MB  also  presents  a 

series,  self-contained  to  all 
DC  ranges,  and  rectifier  At 
meters  and  mllliammeters. 


Fungus-Proofed 

Waxes 

As  a vital  service  to  the  Arme 
Forces  we  now  offer  Fungus  Resis 
ant  Materials.  These  recently  deve 
oped  products  are  the  answer  t 
Communications  requirements 
where  the  impregnation  or 
coating  of  radio  parts 
and  equipment  are 
concerned. 


ZOPHAR  waxes  and  compounds 
meet  every  specification  of  both  the 
Army  and  Navy  for  waterproofing 
and  insulating  all  electrical  and 
radio  components.  They  also  have 
wide  application  in  packaging  of 


un  MANUFACTURE 
ViD  COMPANY,  IN’ 

ELECTRICAL 

AIRCRAFT 


ZOPHAR  MILLS 


11 2- 130 -26th  STREET 


ESTABLISHED  1846 


BROOKLYN,  N.Y. 
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M he  war  has  sharply  demonstrated  that  the  service  of  railroads  is  indispens- 
able and  that  private  ownership,  management  and  operation  are  able  and  efficient. 
Now  that  the  war  is  over,  railroad  plants  should  be  modernized  to  take  advantage 
of  new  things  learned  during  the  war  years  and  to  permit  operation  under  new  and 
higher  standards.  Railroad  radio  is  one  of  these  new  developments,  and,  as  a means 
of  communication,  has  already  been  installed  experimentally  at  several  points  in  yard 
operation  and  its  experimental  use  on  certain  sections  on  our  main  line  is  planned.” 

Ua-r — 

I 

President,  New  York  Central  System 

Mr.  Metzman’s  statement  symbolizes  the  forward-look- 
ing thinking  of  top  railway  management  today.  The 
railroads  are  going  forward,  with  improvements  and 
modernization  designed  to  increase  the  efficiency  and 
safety  of  all  types  of  operations. 


Tlie  Farnsworth  Television  & Radio  Corporation, 
through  its  recent  acquisition  of  the  Halstead  Traffic 
Communications  Corporation,  is  playing  an  increasingly 
important  part  in  furthering  these  aims.  Halstead  Sys- 
tems provide  a factor  of  safety  unique  to  the  field  of 
mobile  communications.  A radio  counterpart  of  the 
closed -circuit  principle,  perfected  during  the  war,  is 
contained  in  the  exclusive  “auto-pulse  unit,  standard 


on  all  Halstead  equipment,  whether  AM  or  FM,  space 
or  induction  type  systems. 

The  combined  talent  of  Farnsworth  and  Halstead 
research  and  engineering,  together  with  Farnsworth’s 
productive  skills  and  facilities  will  keep  in  step  with  the 
railroads’  growing  interest  in  mobile  communications. 

For  specific  information,  write  Farnsworth  Television 
& Radio  Corporation,  Dept.  E-12,  Fort  Wayne  1,  Ind. 


*v 


fl'1 


'f1 


FARNSWORTH 


television  a 
RADIO  CORPORATION 


f*'**wor1li  Radio  and  Talovnion  Rotoiv. n nod  Tranwnittor* 
f—»»liolion»  ond  TroMc  Control  Syrfoin.  for  Roil  and  WRhway 


Airtraft  Radio  Equipm.nl  • formworlb  Movtton  Tobo.  • Habload  Mobil# 
tbo  Farnsworth  Pbonoqropb-Rodlo  • tb.CaprfK.rt  • lb.  Coprf»rt-Panam«M 
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PRECISION 

CRYSTALS 


1 

9 

3 

4 


THE  NEW  STANDARD  CRYSTAL  UNIT 
FOR  ALL  HIGH  FREQUENCY  SERVICE 

FREQUENCY  1.5  TO  10.5  MC. 
TEMPERATURE  COEFFICIENT  LESS  THAN  2 CYCLES 
PER  MC.  PER  DEGREE  CENTIGRADE 
CALIBRATION  ACCURATE  TO  WITHIN  .005% 

OF  SPECIFIED  FREQUENCY 

MADE  BY 

PETERSEN  RADIO  COMPANY 

COUNCIL  BLUFFS,  IOWA 


• The  BAKER  Flash  is  the  revolutionary  gun-type  soldering 
iron  that  answers  industry’s  demand  for  a FASTER,  HANDIER 
tool. 

The  tip  flashes  to  soldering  heat  almost  instantly  following 
pressure  on  the  trigger  control.  Correct  temperature  for  mos4 

efficient  work  is  easily  maintained,  over-heating  and  unnecessary 

oxydation  avoided,  cleaning  and  re-tinning  time  saved. 

Natural  gun  grip;  cool,  protected  plastic  handle;  light  weight; 
perfect  balance — these  are  advantages  that  make  the  BAKER 
Flash  extremely  easy  to  use,  ideal  for  work  in  close  places. 

Completely  equipped  for  immediate  operation  from  110- volt 
transformer  or  from  standard  storage  battery. 

Write  or  Wire  for  Complete  Information 

ORDER  SAMPLE  TODAY— Only  $4.75  Postpaid 
with  Transformer  SB. 95 — Send  check  or  Money  Order 


TRIGGER  CONTROL 
EASY  HANDLING 


THE  YEAR'S 
BIGGEST 
NEWS  IN 
SOLDERING 

• 


BAKER- PHILLIPS  CO. 


The  ideal  miniature  setkelhr 

RAILWAY  • AIRCRAFT 
AUTOMOTIVE 
and  other  commercial  radio 
and  electronics  equipment 


Now  available  for  coimn.rtiol  v»  * 
famous  Eby  miniature  fob.  »«*■  "*  *7 
lockot  mooting  specification  JAN-5- 
military  aircraft  use. 

Dovolopcd  to  moot  the  most  <** 

ico  condition,  of  conilanl  ,ib'°"w  ° 
■hock,  the  peoce-lime  application*  ° 
socket  art  roadily  apparent 

The  o,o  of  th.  Eby  miniolvr.  t»b*  *“ 
with  spocial  beryllium  copper  contac 
suros  minimum  tube  breakage  ond  m 
uninterrupted  operation  of  equ.pmtnt. 

Can  bo  supplied  with  shock  sh'« 
protective  cover  or  saddle  type- 

(Also  available  with  phosphor  bronw  con- 
tacts for  home  radio  receivers.) 


Writa  today  lor 
Samples  and  Prices 
of  the  Eby  Vibration- 
proof,  shock  proof 
miniature  tube 
socket. 


3057  LYNDALI  AV.  SO. 
MINNEAPOLIS  8.  MINNESOTA 
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WALDES  TRDARC 


PERRY 

COMPENSATING 

DNSIGHT 


re* 


aides  Truarc  Retaining  Rings  are  used  to  save  weight,  space, 
" st  »nd  man-hours  in  a wide  range  of  products.  For  holding 


^ Pos'tioning  machine  parts  they  offer  definite  advantages 
^0*  er  nuts>  shoulders,  collars,  and  pins.  They  simplify  and  speed  up 
, i,<'0<*uction'  They  can  be  put  on  and  taken  off  again  and  again 
|3,,#*nd  still  retain  the  perfect  circularity  which  gives  them  their 
^✓Ailing  grip.  Test  them  yourself.  We’ll  furnish  samples  and 
^•‘•mplete  data.  Write  Dept.  H-12. 


VALDES  ^ 

RUARC  # 

iet  aiming"  rings 

L01'®  l,UND  CITY  I.  NBW  YORK 


r* 
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ELECTRIC 

REACTAN 

CORPORATI 

FRANKLINVILLt, 


BLOWERS 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


iATALUo  - -- ■ >nd 

auction  ••  e,sht»  P*'  pUrcti« 

lol- "fStSoi  >' 
•*u,v*  iiot. v/nte  1 

neennlh*'?* 


^nomsrn 

50  NORWOOD 


Little  Blowers 
do  BIG  lobs 
efficiently  • . .quietly 


CERAMIC 

CAPACITOM 


blower 


• Available  in  Temperate" 
Compensating  and  Hi-K  typt- 
Dielectric  factors  t»  »« 
1200.  Solid  Silver  condom* 
plates,  non-aging  ond  nee- 
corrosive,  gouged  to  thou- 
sandths  of  an  inch,  fused  for 
long  life  performance. 

Hi -Dielectric  Enamel  Fi»'« 
withstands  mechanical  o«« 
thermal  shock. 

Color  coded  for  accuracy'* 


MODEL  50745 


Typical  applications  of 
these  small  (15  to  100 
C.F.M.)  Blowers  are  oir 
distribution  in  confined 
spaces  such  as:  cooling 
radio  and  othor  electronic 
•quipmonf;  forcod  draft; 
exhausting  fumes  and 
gases.  Write  for  Bulletin 
3A-14  today. 


S-SS/S2*  \ s-n/w* 


Rochester  2,  N.  Y. 


identification. 


LARGE  INJECTION-MOLDING  OF  G-E  MYCALEX 


ffltf 


m 


• This  is  the  end-plate  of  a ra<lio  jintenna  induction  coil. 

It  is  a large  electricul  component  that  has  been  injection- 
molded  by  G.E.’s  complete  plastics  service  from  G-E 
mycalex — compound  of  glass  and  powdered  mica  with  a 
unique  combination  of  properties. 

And  it  meets  not  only  ultra-high-frequency  insulation 
requirements,  but  exacting  tolerances.  Rejects  of  this  part 
have  been  reduced  to  a negligible  percentage  by  s|>ecifying 
G-E  mycalex  and  injection-molding. 

This  success  suggests  wider  future  use  of  G-E  mycnhx, 
which  is  available  to  you  in  standard  sheets  and  roils  -or 
molded  to  your  design.  For  information,  write  to  ction 
S-5,  Plastics  Divisions,  General  Electric  Company , 1 as  lcs, 
Avenue,  Pittsfield,  Mass. 


G-E  MYCALEX 

A Unique  Combination  of  Properiie 


High  dielectric  strength 

Low  power  factor 

Prolonged  resistance  to  elect 

arcs 

Chemical  stability — no  deterior; 
with  age 

Dimensional  stability — freedom 
warpage  and  shrinkage 
Imperviousness  to  water,  oil,  am 
Resistance  to  sudden  temper! 
changes 

Low  coefficient  of  thermal  expai 
High  heat  resistance 


Sample t Supplied  on  Request 


GENERAL  m ELECT 
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SMALL  STAMPINGS 
SPECIAL  TERMINALS 
SOLDERING  LUGS 

• O 

PRECISION  WASHERS  -p  *>  v o d. 

, ■'  Manufactured  to  Your  Specification* 

Large  Tool  Room  Facilities  plus  20  Years  Experience  insure 

high  Grade  stampings 
quick  deliveries 

on  Mediiftn  and  Large  Quantities 

Let  V*  Quote  on  Your  Requirement* 


DIEBEL  DIE  & MFG.  CO. 

3658  N.  Lincoln  Ave.,  Chicago  13,  III.  Phone  WELlington  4202 


< 


t * 


CONVERTERS 

An  Inverted  Rotary  Converter  is  a 

rotating  electrical  machine  for  con-  'V 

verting  direct  to  alternating  current.  'V 

Janette  was  one  of  the  first  manufacturers  to  design, 
build  and  develop  rotary  converters  for  use  with  nu- 
merous  A.C.  devices;  especially  those  using  electronic  \ 

tubes.  Since  their  inception  they  have  established  a world  wide 
record  ior  reliable,  elficient,  quiet,  trouble-iree  operation  under 
the  most  adverse  conditions.  Two  types  are  built : one  for  stan- 
dard and  special  commercial  uses;  the  other  for  marine  service. 

Ask  for  Bulletin  13-25  for  COftfl^flERCIAL  Typo  Converters 
or  Bulletin  13-27  lor  the  MARINE  Type 


WVil 


Janette  Itlaiuitaciuruvj  Go.  556  mi  monroe  s«.  eKice^r.  6.  tu. 
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iHS  wherever  a lube  is 


DC«»; 

Stkua^ 

SiieoiCc** 

th* 

%*> 


Ooort  fho»  oporofo  automatically  save  mon-ho 
whore  plant  traffic  it  heavy,  cut  heating  costs, 
4uce  breakage  in  restaurants,  ore  a convenience 
package  laden  shoppers.  The  electronic  principle 
involved  has  hundreds  of  commercial  and  Indus- 
trial applications. 


top 

moS**' 


THERE’S  A JOB  FOR 

by  GUARDIAN 

t The  "Maple  Baer"  wall  by  Tha  Stan  lay  Works  of  Now  Britain,  Conn.,  uses  a Oonoral 
BacMc  control  unit  which  operates  automatically  at  Iha  approoch  of  a psdsstrien  or 
vohfcln.  In  Nile  unit  a boaai  of  light  focused  oa  tho  cathode  of  a phototv  ha  cawtot  a 
Hay  carraat  to  flow.  Kalarpad  through  an  aaipUHor  tuba  this  currant  operates  a sensi- 
tive telephone  typa  of  ralay  such  as  Hio  Ouardlan  Sartos  405.  Ansthsr  phototv  bo  with 
an  auxiliary  relay,  Ouardlan  Sarins  R-100,  Is  smplayad  to  hoM  tha  doors  opon  for 
anyotta  standing  within  Hio  doorway. 

Tha  tola  phono  typa  of  ralay  is  oxhomoly  sansMva  and  abla  to  nparats  on  tha  small 
currant  supplied  through  tho  olochonk  circuit.  Tho  auxiliary  ralay,  Sorias  R-100,  Is 
inquired  to  handla  a grootor  currant.  It  is  a small,  officiant  ralay  having  o contact 
capacity  up  to  1 KW  at  frequencies  up  to  and  including  25  megacycles.  Contact  com- 
binations range  up  to  doubio  polo,  double  throw.  Standard  coils  operate  oa  1 10  volts, 
40  cycles,  and  draw  approximately  7 V.  A.  Coils  for  other  voltages  are  aval  la  bio. 
For  further  Information  write  for  Bulletin  1-4. 

Consult  Guardian  whenever  a tube  is  used — however — Relays  by  Guardian  ore  NOT 
limited  to  tube  applications  but  are  used  wherever  automatic  control  is  desired  for 
making,  breaking,  or  changing  tha  characteristics  of  electrical  circuits. 


moTo-ufcriK  ooc 

Above  unit  nsanefi 
General  BacMc  Ce„ 
STANLIY  -MAOK 
CONTROLS. 


Series  40S  Telephone  1 


Series  R-100  H.  f 


GUARDIAN®!  ELECTRIC 

1625-P  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 

> ctsriiri  net  tr  mists  mint  seincsr  sis  isessirr 
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iwdiia  i L.  ol  LUMAN  machine  works 

SPECIALISTS  IN  MASS  PRODUCTION  TOOLS 

OYSTER  BAY,  LONG  ISLAND 


NEW  YORK 


Wow  available - 
Your  guide  to  pf«iSe 
usage  in  working  wit 
ELECTRONICS  terms 

6500  — T 

DEHNmONSWD 
REFERENCE  DATE  It 
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By  NELSON  M.  COOKE,  U.  Cot  IIS*. 

Executive  Officer,  Radio  iiaunel  Sclud 
A a:  ni  Research  Laboratory,  Wajktufloa,  D.C 

and  JOHN  MARKUS 

Associate  Editor,  Elecirmcs 

433  pog*s,  5V4  x 8*« 
over  600  fllustrotioRS,  SS.00 


This  Assembly  Fixture 
Cuts  Manufacturing  Costs 

the  oosft£n1LC£d  T1™?  time  are  reduced  because 
eachPoperatio1  * inStantlY  adjustable  for 

th^*rfKPera-°^S  d°  be,ter  work  with  less  fatigue 
'hereby  mmunizing  costly  trouble  shooting  9 

Since  .Lw?  lnves‘ment  serves  for  all  models 
sizes.  1X  UIe  1S  adius,ahle  to  various  chassis 


oena  for  new 
bulletin  illustrat- 
ing the  standard 
siies  available 
for  prompt  de- 


MeGraw-Hiill  Booh  Co., 

330  W.  42  St.,  N.  Y.  tl 

S.nd  me  Cooke  and  Markus'  O-ECTI 
TIONARY  (or  10  days'  examination 

In  10  days  I vrlll  send  >5.00,  F- 
tsite.  or  return  hook  postpaid,  inn 
rash  orders ) 

Name  

Address  

City  And  State 

Company  " 

ToslUon  „ 

In  Canada:  Mall  to  Kmba»»  Ik” 
12  Richmond  St  K.  Toronto 
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Federal's 

men  know 

ttticrowave 


On  a gusty  March  day  in  1931  . . . when  man  s voice  was  beamed 
acrossTe  English  Channel  from  an  antenna  less  than  an  inc  ong 
and  powered  by  a mere  half-watt . . . Microwave  was  bom. 

This  was  the  inauguration  of  a new  technique  in  the  art  of  com- 
■ i nn  blazin"  the  trail  for  modern,  high  fidelity  television, 
^^transmission,  pulL  time  modulation,  plurality  of  currents ^on  a 
common  carrier,  and  certain  other  commercial  applications  for  thi. 

technique. 

Many  of  the  scientists  now  at  work  in  Federal  laboratories  partici- 
ted  in  that  triumph  and  helped  in  its  developement  through  the 
years  Now  they  are  engaged  in  extending  its  application,  opening 
vTand  striking  possibilities  for  the  future  of  communications. 

. . £ i j „r  microwave  ...  a contributor  to  radio  progress 

Pioneer  in  e J Fe(W  stands  for  leadership  in  research, 

development  and  manufacture  of  equipment  and  components  for 
every  segment  of  the  communications  industry. 


Federal  Telephone  and  RadiojCorporation 

Noiviirk  1.  N*  I 


Newark  1,  N.  J- 

Digitized  by  ' JooQle 


JUST  PUBLISHED! 

The  Most  Indispensable  Reference  in  Radio-Electronics! 

Electionic  Engineering  Master  Index 

A master  compilation  of  over  20,000  titles, 
articles  and  texts  selected  for  their  value  to  the 
_ research  engineer,  this  INDEX  covers  the  >ears 

1925*  194S  and  enables  you  to  survey  twenty  years 
of  research  literature  on  any  subject  in  a matter 

Mm  5-'  V of  minu,es! 

r fcijtSS  • J Vitally  Needed  in  Every  Laboratory  and  Library 


ARGON  HELIUM  KRYPTON 


Cloth 
7'/,"  » 10'/," 
320  page* 


Vitally  Needed  In  Every  Laboratory  and  Library 
COMPLETE  IN  ONE  VOLUME 

PART  I PART  II 

January  1425  to  Jonaory  1435  ta 

December  1434  Jene  IMS 

★ 

PARTIAL  LIST  OF  PERIODICALS  INDEXED : 
Bell  Laboratories  Record  Journal  of  I.E.E. 


Bell  System  Technical 
Journal 

Communications  » 
Electrical  Communication 
Electronics 

Electronic  Engineering 
Electronic  Industries 


General  Electric  Review 
Physical  Review 
Proceedings  I.R.B. 
Transactions  of  A. I.E.E. 
Radio  News 
R.C.A.  Review 
Wireless  Engineer 
Wireless  World 


A $5 00  Reference  Library  in  One  Volume  for  $17 JO 

Descriptive  circular  on  request. 

ELECTRONICS  RESEARCH  PUBLISHING  COMPANY 

238  East  44th  Straet  • New  York  17-  N>  Y' 


rXrE  GASIiS 
AN^  mV  RES 

. . . Spectroscopically  Pure 
. . . Easily  removed  jrom  hull 
u it  bout  contamination 

Scientific  uses  for  Unde  rare  gases  rndinlti 

1.  The  study  of  electrical  discharges.  ■ 

2.  Work  with  rectifying  and  struboscn* 
devices. 

3.  Metallurgical  research. 

4.  Workwith  inert  atmospheres, where  hot 
conduction  must  be  increased  or  deCfaiM. 

Many  standard  mixtures  are  avnbwt. 
Special  mixtures  for  experimental  purposes 
can  be  supplied  upon  request. 

The  word  "Linde”  »»  » tude  nutk  d 


THE  UNDE  AIR  PRODUCTS  COMP**' 

Unit  o I Union  Corbide  o nd  Co-bo* 

30  E.  42nd  St..  He-  Tor*  17  0»*c*i  ' 

In  Conoda  Du.-nn.pn  0.,qr-  


foST-td/AR. 

IMIil  Model  565 

vacuum  Tube  voltmeter 


input  resistance 

DC — 80  megohm*  on  I volt  range;  40  megohm*  on  500  volt  range 
AC — 40  megohm*  on  I volt  range;  20  megohm*  on  250  volt  range 

INPUT  CAPACITY  OF  PROBE:  5 micro-micro  farads 


SUPREME  INSTRUMENTS  CORPORATION 


THE  ENGINEERING  CO. 

S7  wwVh;1."-^;*  n j 


e 


BEFORE  YOU  FREEZE 
YOUR  PLANS 


on  transmission  line  equipment,  it  may  be  well 
worth  your  while  to  consult  with  our  Micro 
Wave  Research  Division.  Since  the  closing  of 
the  Radiation  Laboratory  at  M.  I.  T.,  we  are 
the  only  organization  offering  the  services  of 
one  of  the  finest  and  most  ^completely 
equipped  ultra  high  frequency  laboratories  to 
the  entire  electronic  industry.  Our  standard- 
ized lines  of  High  Frequency  equipment  can 
save  you  much  time,  trouble  and  expense. 
Prompt  production  and  delivery  is  assured. 
Inquiries  on  your  RF  problems  involve  no 
obligation. 


DEMORNAY-BUDD,  INC.,  475  Grand  Concour»e,  New  York,  N.  Y. 


*"Corn pletely  Equipped"  means 
complete  facility  for  Research— Design 
—and  Manufacture. 


EQUIPMENT 

FOR 

97%  OF  AIL 
RADAR  SETS 
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Have  You  an  Application  for 
a Capacitor  Weighing  % of 
Comparable  Paper  Capacitors  ? 


eneral 

Industries 

COMPANY 


maintenance  troubles. 

You  get  this  same  old-time  satis- 
faction from  our  Smooth  Pouter  turn- 
table  motors,  recording  assemblies 
and  record-changer  recorder  com- 


dept,  m 


ELYRIA,  O, 


YS  Gtf*  * 


General  Industrie*  con. 
fttanttipeed  electric  phono* 
graph  motor— Model  CX. 


Users  and  the  trade  have  always  bir 
given  hearty  applause  to  General  civ 

Industries  phonograph  mechanisms.  al« 

Owners  like  the  fine  fidelity  of  every  eq. 

note  or  syllable— and  sales  and  ap, 
service  departments  are  strong  for 
their  reliability  and  freedom  from  THE, 


hinations  as  we  return  to 
civilian  production.  As 
always.  General  Industries 
equipment  will  earn  your 
approval. 


.noutico.  enters 


becous® 


fnvored  by  °ero.  of  i0% 

P'aicC=  °°"d  there  is  ««  °‘ 

r :r  .«.*« 

°n  ' AS  the  VO  9 „ht  is  saved- 

i"  WC'9  o0o/o  ot  the  vre.gh  cqNS  . 

much  as  factor,  »P«c‘,<y  ,cc„ic  copoa'orr 

M vreight  -s  ^^^.ptastU  «»  . IVpl 


in  radio  chassis 

No  tedious  driUing...no  ream®  -' 
no  filing!  Saves  hours  of  work.  U 
clean,  accurate  holes  for  sockets  plop* 
other  receptacles.  Tool  has  three  parte 
punchcuts  through  chassis. diewpp** 
metal  and  prevents  d istortion. enp 
is  turned  with  wrench  lo cut  hole- 
for  holes  V to  3V.  For  complete  u** 
motion  write  Greenlee  W 69* 
19.12  Columbia  Ave-,  Rocklord,  IUu» 

WRITE  FOR  FREE  FOLDER  S-llO  fi|  I 

GREECE 
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AMERICAN 


PLATINUM 


WORKS 

J.  R.  R.  AVE.  AT  OLIVER  SI 
NEWARK  5,  N J. 


SILVER 

WIRE -SHEET- TUBING 
SILVER  BRAZING  ALLOYS  A FLU 


WIRE  - RIBBON  - FOIL 
SEAMLESS  TUBING 


WE  INVITE  INQUIRIES  RE- 

garding  all  applications 

OF  PRECIOUS  METALS  TO 
ELECTRONIC  PRODUCTS 
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Arrows  indicate  Cherry  Rivet 


nstallotions. 


The  installed  appearance  of  Cherry  Rivets  is 
up-to-date,  modern— enhances  the  -appearance- 
value  of  the  finished  product.  And  their  installed 
cost  is  low. 


For  more  information,  contact  your  nearest  jobber  or  write 
now  for  illustrated  Manual  D-45,  Dept.  A- 1 20,  Cherry  Rivet 
Company,  231  Winston  Street,  tos  Angeles  13,  Californio. 


CHERRY  BLIND  RIVETS  are  designed  to  meet 
the  installation  requirements  of  modern  elec- 
trical fastening,  as  well  as  to  simplify  and 
speed  up  blind  and  hard-to-get-at  rivet 
applications. 

They  are  upset  in  a modern  way — with  a 
pull  exerted  by  small,  easy-to-handle  Cherry 
Rivet  pneumatic  or  hand  guns.  Installation 
can  be  made  by  one  operator  from  one 
i side  of  any  location,  blind  or  not,  without 
bucking. 

, Cherry  Rivets  conform  to  modern  con- 
tours; hold  securely  on  curved  surfaces,  in 
tubes,  bends  and  ducts;  fasten  double  sur- 
face structures  from  one  side. 

Modern  materials  such  as  plastics,  rubber, 
leather,  fabrics,  plywood,  as  well  as  all  sheet 
. metals  can  be  fastened  quickly,  easily,  and  with 
complete  success. 

Cherry  Rivets  meet  the  stress  and  strain  require- 
ments of  modern  uses.  They  aid  in  simplifying  and 
speeding  up  modern  production  and  repair  meth- 
ods. Because  of  their  wide  range  of  applications, 
they  allow  greater  flexibility  in  modern  designing. 


Small,  one-hand  G-25  gun  shown  below 
has  head  at  right  anglas  to  gun  axis  to 
provida  aasy  accass  to  tight,  crowded 
locations  typical  of  radio  installations. 


Digitized  by 


Google 


Hollow  Chorry  Rivals  ara  bast  ado  ptari 
for  radio  installations.  Thay  axart  an 
exceptionally  strong  clinch — hold  se- 
curely-can  ba  oaslly  removed  for 
further  servicing. 


fl 
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American  Radio  Co. 


611  I.  Garfield  Ave. 
Glendale,  California 


NEON  PILOT  LIGHTS 

EMBOOV  THESE  IMPORTANT  FEATURES: 

-reef  on  h.gh  va/foge  circuits  5m.t  practically  no  h£t  L 

Lo-P>  or.  enhanced  by 

or  WestinahoP  COmp,*'e,y  os!emfa,ed  units,  housing  G.E 
1..  7 PS-  Send  sP«'ffc0l,ons  for  prompt  esti 

motes  ond  suggestions . . . Write  for  Cotolog. 


Variable  Voltage 
Regulated  Power  Supply 

• Output  0 te  400  volts 

• lias  0 te  — l jo  volt, 

• Up  to  200  me.  load 

• 1%  regulation 

• 6.3  volts  a. «. 

• Continuous  voltage  vorlotioo 

/ Price  \ Supplied  couplets 

I doc  I w',>' ,0<k  p5"* 

1 f iVj  I hondsomi  csbM 

\FOB  Factor,/  Model  Ml 


894  BROADWAY NEW  YORK  3,  N.  Y 

Telephone:  ALgonquin  4-477Q 


A Name  to 
Look  for  on 
Electrical 
COILS  and 
Transformers 


■ G R A COIL 


^3 

LAYER-WOUND  COIL 


relay  coil 


‘One  Good  Turn  -ora  Million’ 


Be  sure  that  the  coil  you  buy  bears 
the  trademark  name  - "GRACOIL",  for 
only  then  can  you  know  that  you  have 
the  best  in  electro-magnetic  windings. 
Every  GRACOIL"  is  wound  to  the  spec- 
ified number  of  uniform  turns  from  pre- 
cision-gouged wire.  Every  "GRACOIL"  is 
fully  insulated,  thoroughly  impregnated, 
ond  properly  laminated  when  supplied 
os  a complete  transformer.  The  most 
rigid  inspections  ond  tests  make  sure 
that  each  "GRACOIL"  is  worthy  of  the 
name  it  bears. 

If  your  design  calls  for  a special 
electro-magnetic  application,  let  compe- 
tent "GRACOIL"  engineers  make  specific 
recommendations  for  you.  Write  today! 


famous  for 
years  as 
COILS 
by 

DOYLE 


LOW  VOLTAGE 
TRANSFORMER 


the  gramer  company 

Uectrical  (Boils  and  (Transformers 

736  N.  PULASKI  RD.,  CHICAGO  39,  ILL,  U.  S.  A. 


GENERATOR 
FIELD  COIL 


DUPLICATING  end  PR0HUN6 

AUTO  ENGRAVER 

Accurate  Eng  raying 
with  Unskilled  Operators 

Unskilled  operators  will  profile  or  icm* 

I rate ly  reproduce  in  smooth  Raw  ••7*’ 
sign,  number,  letter,  embltm.  signatu<«. 
on  iron,  brass,  copper,  aluminum  » 
steels  and  all  plastics.  Here  are  somed 
its  other  uses  . . . 

• Drills  a series  of  holes,  or  profile  ««• 
parts 

• Cuts  an  even  channe 
panels.  Increases  accuracy  dw 

duc*ion. 

• Works  from  original  drawing  of 
plates. 

• Etches  glass  and  similar  items. 

• Will  not  cause  distortion. 

for  complete  Intormotion  « fjjh,««f 
other  mo  deli  ond  price.  writ.  left. 
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HAMMARLUND 

HQ-129X  (with  tubes) $129.00 

ASPC-210X  318.00 

ASP-210SX 318.00 

Avofioblo  for  rack  mounting  at  same  prices 

NATIONAL 

NC-2-40C  and  speaker $340X10 

RME 

RME-45  and  speaker $166.00 


HALUC  RAFTERS 

SX-28A  Sapor  Skyrlder  with  crystal,  less  speaker  $333.00 

S-208  Sky  Champion  with  built-in  speaker...  80.00 

5-22R  Skyrlder  Morlne  with  built-in  speaker. . X4J0 

SX-25  Super  Defiant  with  crystal,  less  speaker  94.30 

M9  Sponger  portable,  AC/DC  and  batWry  110.00 

SX-36  FM/AM  receiver  51,  ye 

S-37  V.H.F.  FM/AM  receiver.... 39,75 

10"  PM  speaker  in  cabinet  for  use  with 
SX-2S,  SX-28A  


THORDARSON  TRANSFORMER 

(POWER  TRANSFORMERS  AND  CHOKES) 

T-43356  orT-92R21  leads  outofslde,/78  VC.  T. 

at  200  MA.  IIS  V.  60  Cycle  6.3  V. 

C.T.  at  SA.  5 V.  of  30  amp.  9 lbs.  $3.39 
T-13C30  8H.  150  MA.  200  ohm  1600  V.  Insula- 

tion  2>/4  lbs ..:-.••••••  •—  ’-41 

T-4557  or  T-74C29  leads  out  of  side  1 5H.  ISO 

MA.  200  ohm  2000  V.  Insulation  S’/s  lbs.  3.83 


WESTERN  ELECTRIC  MICRO  AMMETERS 


Bakellte  case  fits  3»/<"  hole.  Radium  dial  150- 
0-1 50.  <Sn* be  us*  with  0-200  micro  and 
amp  scale  listed  below.  E.cellent  as  a 5,000 
ohm-per-volt  meter  or  null,  sound  level  and 
galvanometer  Indicator.  Instructions  '«<htdad. 

No  priority  required.  * 

0*200  pap «r  scale  for  above •** 


THE  FAMOUS  NEWARK  BARGAIN  C I IT  E R CONDENSERS 

OIL-  FILLED,  OIL-  IMPREGNATED  ****  ■ W D-r  ■■  

FULLY  GUARANTEED  AT  RATED  VOLTAGEf 

Capacity  Working  Voltage  Height  Width  Depth 

Imfd.  1500  V.  D.C. 

17V,  mfd.  IfOOV.D.C.  V 3%  1'A 

lit/,  mfd.  1500  V.  D.C. 

5 mfd.  1500  V.  D.C.  * ij?  ff 

5 mfd.  2000  V.  D.C.  * *5? 

8 mfdf  2000  V.  D.C.  4%  3%  4/, 

.25  mfd.  2000  V.  D.C.  3Vi 

Special  Porcelain  Insulator* 

M:  88?:8£  11  11  ? 

6 mfd.  3000  V.  D.C.  6»/s  8Vj  3 * 

with  mounting  feet,  width  includes  mounting  fuel 

8 mfd.  3000  V.  D.C.  7%  4V,  3% 


MeELROY  KEY 

The  Deluxe- Model 

CP  810 $9.75 


2 mfd.  & 4 mfd.  600  V.  metal  can  2 

GENERAL  ELECTRIC  METERS 

0-500  D.C.  MA.  2"  round  0-8  RF  ammeter,  2"  round 
Bakelite  case. . $3.50  Bokelite  cose. . $4.00 


4 os. 

3 lbs. 

1 lb.  10  oz. 
14  oz. 

1 lb.  4 oz. 
21/,  lbs. 

6 oz. 


3 lbs.  8 oz* 
5 lbs. 

. 5 lbs.  6 oz. 


7 lbs.  4 oz. 
14  oz. 


ABBOTT  TR-4 

Compact,  efficient  2 ’A  meter 
transmitter-receiver  $39.00 


SET  TOUR  NAME  ON  YOUR  MAILING  UST 

Be  first  to  get  announcements  of  mer- 
chandise  available,  special  bargains, 
etc.,  etc.  Send  name  and  address  on  19—— 
oast  cord.  State  whether  amateur,  on-  I |^J3 
afneersc  hool,  industrial  or  service 
man  Address  orders  and  Inquiries  to 
0»pt.  eZoI  NEWARK  store  nearest  you. 


\ C A C 0 


10  - . M3*. 

*<T\  CWCMO* 

us  45th  St  JjefFc**  Jali/nt  Mlwhofn  OOM 


««<f  >5, 
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ORIGINALITY  WITH  ROOTS 

CUv.f  in  devising  forms,  assembly  and  effects  in  all 
types  of  plastics  for  products,  displays  and  containers. 
Cleverness  that  is  deep-rooted  in  long  experience,  in 
exceptional  facilities  and  in  competent  manpower, 
the  kind  of  cleverness  which  combines  the  ability  to 

C£!0,*.iWlth  jk*  abilify  *2  produce  economically, 
efficmitly  and  in  auantity.  That  is  the  service  we  have 
to  otter  originality  deep-rooted  in  practicability. 


7tvit6erut 


INDUSTRIAL  CHEMICAL  CO. 

7-11  ELKINS  STREET,  SO.  BOSTON  27,  MASS. 


WHAT  DO  IN  A FAN 

FOR  ELECTRONIC  APPLICATIONS? 


Mod*/  6 S—  6Yx"  high 

• Standard  types  of  fans  adapted  to 
your  needs  ...  or  special  fans  engi- 
neered to  order  . . . BOTH  are  avail- 
able from  I LG ! With  the  thousands  of 
I LG  products  made  for  the  U.  S.  Signal 
Corps,  M aritime  Commission  and  Navy 


to*  IlgttH  Modi 

it  is  possible  that  we  are  tooled  up  for 
the  size,  capacity  or  mounting  arrange- 
ment you  require.  Write  giving  details 
of  your  problem  or  phone  nearby 
Branch  Office  (consult  classified  direc- 
tory)  for  competent  engineering  help. 


I LG  ELECTRIC  VENTILATING  CO.,  CHICAGO  41,  III. 

2882  No.  Crawford  Av«.  . OHIe..  in  40  Principal  Clin 


VITALIZED  VENTILATION 

IONING 


m 


Model  tn 

The  Time-Tested,  Rtlhik 

VIBROTEST 

Insulation  Resistant 
Tester 

Since  1938  V1BH0TESTS  km  pm 
the  soundness  of  thii  modem  nhi 
of  testing  insolation  rcoktans.  Sr 
perbly  engineered,  raggedly  Mk,  I 
pioneer  inotnunent  in  CBAJULK 
INSULATION  TESTING  offtn  he  * 
most  in  nsefnhesi  and  nlxe. 

VIBROTEST 

Is  Thoroughly  Medan 

No  hand  cranking,  ao  Wi*  • 
shocks  to  the  operators.  fh  W 
0-200  megohms  covering  vshn  s*^ 
encountered  in  general  testtaf  **  * 
stantly  available  from  s leif-rteoad 
power  source  providing  * to**1  I* 
tential  of  500  Volts  D.C. 

Available  in  this  one  compact 
ment  are  a convenient  Obmmrur 
mi  well  as  A.C.  and  D.C  ^ 
np  to  and  inelnding  W° 
scale.  Other  models  vnih  l-000 
D.C  potential  also  available. 

Many  Other  VIBROTESTS 

are  designed  for  spenfie 
unnsual  ranges  or  operatini 
WHITE  for  foil  information  it  T® 

est  opportunity. 

Engineering  ’ 

Ml  Principol  Citi" 


AssO(IAIH) 

H [ SI  MU  H 


223  So.  Green  St 
Chicago  7,  H 

aw  as-a*** 
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Strip  losalated  Wires 

QUICKER.. .BETTER 


>M' 

1C  WIRI  STRI 


AUTOMATIC  WIRI  STRIMIR 
,..tpeod«  Pr»lmll«« 

s Strips  Insulation  from  *11  typas  of 
•Ira  — Instantly,  Mil ly,  parfsctly 
lint  pro*  tho  Handlas  and  tha  |ob 
r I|  dona.  Cats  wlra  too.  Strips  MX) 

>a  1000  wlrat  par  hour.  Available 
> for  all  ilsa  solid  or  strand  ad  wires 
- No.  I to  No.  10.  List  Price  $i-00 
Brito  Dept.  I for  Pott  Particulars 


GENERAL  CEMENT  Mic  co 

Rockford,  Illinois,  U.S.A. 


MORE  KF  KILOWATT  HOURS 
PER  DOLLAR  WITH 

F & O 

TRANSMITTING  TUBES 

la«olriee  lavlted— Let  os  explain  how 
Borinas  ere  effected  end  the  W A O 
greeter  gnaramasL 

FREELAND  & DLSCHNER  PRODUCTS  Inc. 

611  Baronn e Sf„  Now  Orioans  13,  la. 
Raymond  6756 

High  Powor  Tuba  Specialists  Exclusively 
(5  KW  To  100  KW) 


•••••••••••••••••••••••••••••GO 

••••••••••••••••••••••••••••OB 

ootoooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOBBBBB 
OOOOOOOOOOOOtOOOOOO>;^^rtiBtBBB 
• ••••••••••  • • • • 


REX  RHEOSTAT  COMPANY.  BALDWIN.  L.  I..  (I.  Y. 


PROTECTED  & UNPROTECTED 

RHEOSTATS 

WITH  LUBRICATED  CONTACTS 

ROTARY  DRIVE  RHEOSTATS 

WITHOUT  BACK  LASH 

PROTECTED  & UNPROTECTED 

ADJUSTABLE  RESISTORS 

UP  TO  1000  WATT 
PROMPT  SHIPMENTS 


FINE  RIBBONS 
OF 

TUNGSTEN  and  MOLYBDENUM 

Quality  and  accuracy  in  out  fabrica- 
tion of  Tungsten  & Molybdenum  Rib- 
bons hare  characterized  our  service 
to  the  Electronic  industry. 

A development  of 

H.  CROSS  CO. 

IS  BeeXeisn  St..  New  York  7.  N.  Y. 


BRAZILIAN 
QUARTZ  CRYSTALS 

CRYSTAL  TRADING  COMPANY 

faipo rtera 

111  Liberty  St.  Now  York  *,  N.  Y. 

HETERODYNE 

ELIMINATORS 

If  you  are  troubled  by 
heterodyne  interference 
oonsult 

J.  L A.  McLaughlin 

t.  O.  Box  529. La  Jolla,  Calif. 

^lako  It  a HABIT  ...  to  chack  this 
Page— EACH  ISSUE 

nils  WHERE  TO  BUY  8ECTION  supplement.. 
Sfer  advertl8in*  in  this  issue  with  these  additional 
•unounoementa  of  products  and  services  essential  to 
wncient  and  economical  operation  in  the  field  of 

ELECTRONICS. 


Electron  Tube  Machinery 

of  mrt  type, — etaederd,  tad  speelal  deelfa 

Specialists  In  Equipment  for  tho  mcmalao- 
tore  of  Bad  la  Taboo.  Cathode  Bar  Tubaa. 
Fluorescent  Lamps,  Incandescent  Lamps, 
Boon  Tubes,  Photo  Colls.  X-ray  Tubes 
and  other  glass  or  electronic  products,  an 
production  or  laboratory  basis. 


EncinEERinc  comppnv 


1307.130*  Seventh  St.,  North  Serge e.  N.  J. 


Hmmiiiiii  ii  ri 


MINIATURE 

PRECISION  BALL  BEARINGS 

I WORLD'S  SMALLEST  BALL  BEARING) 

For  precision  initrumenti,  industrial  lib. 
oratory  equipment,  radio  and  olcctronic 
devices,  to  minimise  friction,  space, 
weight  and  overcome  starting  torque. 
Radial  and  Pivot  types. 


ACTUAL  fQB?  I 
k SIZES  __ 

<*£■) 


Radial  Seritt  (5  Sites) 
1,8"  to  5/16"  O.O. 
Pivot  Series  <6  Sites) 


MIN  lATURE/fec^Jaw  BEARINGS 

KEENE.  NEW  HAMPSHIRE.  U S A 


MICROMETER  tw 

FREQUENCY  t«23KK 

METER  Iran  I.S  to  SS  no.. 

within  Ml  Sir  oast 

LAMPKIN  LABORATORIES 


Brodeeteo.  Ho.,  II.  S.  A. 


FREE 


COLOR  CODE  and 
OHMS  LAW  CALCULATOR 

Burstein-Applebee  of  Kansas  City 
offers  you  this  great  convenience 
FREE.  Easy  to  work.  Solves  many 
problems  in  a jiffy.  FREE  to  radio 
men,  electronic  engineers  and  others 
in  the  business.  Attach  coupon  to 
your  letterhead. 

MAIL  COUPON  NOW 

""burst  eInTpTl  eb  eT  co . Xft 

1012  McGEE,  KANSAS  CITY  6,  M0. 

Send  me  FREE  Color  Code  and  Ohms  Law  Cal- 
culator along  with  latest  catalog. 

lam 

STATE  CONNECTION  IN  INDUSTRY 


y ADDRESS J 

I TOWN  .STATE-  ..._| 

— W — 
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EMPLOYMENT 


Searchlight  Section 

L,.\.  ”s  * 0PP0RTUN,T,K  • 


UNDISPLAYEO  RATE: 

15  conh  a word,  minimum  chorgo  $3.00. 
(Sea  1 on  Box  Numbers.) 

POSITIONS  WANTED  (full  or  part-timo  sal- 
aried individual  employment  only),  i/j  above 
rates. 

PROPOSALS.  50  cents  a line  an  insertion. 


INFORMATION: 

BOX  NUMBERS  in  care  of  any  of  our  New 
York,  Chicago  or  San  Francisco  offices  count 
10  words  additional  in  andisplayed  ads. 

DISCOUNT  of  10%  if  full  payment  is  made 
in  advance  for  four  consecutive  insertions  of 
undisplayed  ads  (not  including  proposals). 


DISPLAYED-RATE  PEI  INCH: 

Tfc*  Advertising  ,,  57  55  |ld  ^ „ 
«dv»rti»ng  appearing  on  other  than  ■ » 
tract  basis.  Contract  rates  quote!  os  reqa*. 

'NCH  is  meearad  % inch 
vertically  on  one  column,  3 coliimi»-30  IkU 
—to  a page.  t 


NEW  ADVERTISEMENTS  received  by  10  A.  M.  December  Tib  vl/l  oppeor  In  the  January  Hwa,  „4,«,  „ llmMlM  „ ^ ^ 


POSITIONS  VACANT 

(Additional  Poaltlone  Vacant  ad.  on 
pa.ee  405  and  421) 


WANTED:  ENGINEERS  with  experience  In 
Audio  Circuit  work  for  engineering  develop- 
ment on  hearing  aids  and  associated  devices. 
Experience  on  hearing  aids  not  actually  neces- 
sary. Apply  to  Chief  Engineer  Zenith  Radio 

fo^Tur8,1!011,  s6®01  W-  Avenue.  Chicago 

39,  Illinois,  giving  details  of  education,  age  and 
experience.  These  poaitlona  offer  excellent  od- 

portunitles  for  Intereated  pergonnel. 

WANTED:  CAPABLE  engineer  In  radio,  tele- 
vision  and  tube  design.  Must  be  able  to  work 
In  own  home  or  shop.  P-95S,  Electronics,  68 
Post  Street.  San  Francisco  4.  Cal. 


EMPLOYMENT  SERVICE 

SALAmED  POSITIONS  12.500-125.000.  Recon- 

This  "g  l,rftl"le  opportunities  now. 

This  thoroughly  organized  confidential  service 
of  36  years  recognized  standing  and  reputation 
^•t°.nHPr,e,1rllnary  negotiations  for  auper- 
ciub^B  a,'Ld  exeoutlve  positions  of  the 

Sa,  d;,th.r“u*h  a procedure  indivld- 

£?.  ™.t0.5c?  cllent  * requirements.  Retaining 
^°.p™t(fc'ed  *>y  refund  provision.  Identity  cov- 
■ l position  protected.  Send  only 

name  and  address  for  details  R W iriwHw 
Inc..  278  Delward  Bldg..  Buffato  2.  N.  Y.'  y' 


POSITIONS  WANTED 

**^UIO  ENGINEER.  Interested  in  V H F 
development,  particularly  multi-channel  tele 
graph  operation  over  V.H  F.  radlo  Mnk. 

Pf^®  .237  August  Electronical  Recently 're- 
turned  from  3 years  In  charge  of  VHP 
velopment  section  of  British  Admir'*/Jt" 

1 n t e r^at e d° * n 1 d e v el ^ p I ng* ^ e w°  id eas °f or  * v* H F* 
pflSPy  ;™aa",nege^rwCar°dr 

Eie^tronlcs.  380  W.  42nd  St . New  ToTk  lJ.' 


WANTED 

PHYSICISTS  AND 
ENGINEERS 

Unusual  opportunities  sra  offered  to 
technical  men  in  advanced  fields  of  ex- 
ploration,  geophysics,  applied  physics 
and  industrial  electronics  who  wish,  to 
live  in  a town  of  20,000  and  maintain  a 
stimulating  contact  with  associates  of 
widely  diverse  technical  skills. 

Excellent  laboratory  facilities  including 
equipment  for  electron  microscopy,  x- 
ray  diffraction,  mass  and  optica)  spec- 
troscopy  art  available  to  a small  but 
expanding  group. 

Opportunities  are  offered  to  physicists 
and  engineers  of  imagination  to  gain 
wide  recognition  for  their  contributions 
to  the  solution  of  advanced  problems. 

PHILLIPS  PETROLEUM  COMPANY 
RESEARCH  DEPARTMENT 
BARTLESVILLE,  OKLAHOMA 


Curt  E.  Patton  Personnel  Engineers" 

53  W.  Jackson  Blvd.  Chicago  4 

sssaasBS*ssssp 


POSITIONS  WANTED 


ENGINEER,  INDUSTRIAL  or  low-frequency 
•Ifctronlca.  wants  permanent  position  com- 
muting distance  New  Canaan,  Conn.  Some 
experience  production,  development,  laboratory, 
but  most  satisfactory  in  sales,  technical  writing. 

work  Involvln*  people  more  than 
K.n**:  John»°n  O'Connor  tested;  resulU  avail- 
i?i«aPro*pect,v®  employer.  Reason  for 
availability— -present  employer  closlnr  New 
JSI?*?ranch*  B*  Campbell,  P.O.  Box  8 U, 
New  Canaan.  Conn. 


INHERENTLY  Lazy,  no  college  graduate, 
no  correspondence  schooling,  but  20  year.  In 
P-  IJ.K-  (University  of  Hard  Knocks),  In 
installation,  maintenance,  service  and  trouble- 
shooting  on  wiring,  motors  and  generator* 
° and  radar.  Anything  In  electronics  con- 
sidered (particularly  Industrial  electronic  con- 
?T°J  ®qV|lpm8n(>  where  I stand  around  and 
watch  the  other  fellow  work.  More  money  and 
it" 'y°r.15  desirable.  Midwest  location.  Present 
■alary  86  non  p.r  y„nr  Available  within  the 
55?  ,6?.or  daya'  Glve  complete  details  In 
‘iJ  tew  fw-958-  Eleotronlca,  330  W.  42nd 
St..  New  York  18,  N.  Y. 


M S.,  E.E.  degrees,  experl- 

rt»tr.Ce  J"  Practical  dee  I on  and  development. 

1,  t l.°  Joln  manufacturer*  of  electronic  In- 
etrumenta,  transmitters,  receivers,  heating. 
or.  p.‘7rta.  an  sales  engineer  and  technical 
ta?  ve  'a  china,  many  years  radio  busl- 
5|"  ®xP®0rl®ne®  in  China.  PW-959.  Eleotronlca. 
1!"  u.  42nd  St..  New  V.,rk  18,  N.  Y.  [ 

(Continued  on  page  422) 


• Industrial 

* designers! 


Do  you  want  to  join  l maptny  skid 

is  out  to  give  the  baying  public  of  the 
present  and  future  the  very  bat  ■ 
product  appearance?  If  you  do. 
General  Electric  has  a career  job  far 
you.  The  wide  range  of  G-E  product! 
for  the  home  offers  fertile  ground  for 
imaginative,  diversified  designing.  In- 
dustrial Designers  on  our  payroll  will 
therefore  have  an  unprecedented 
opportunity  to  employ  their  tsienti 
in  the  creation  of  designs  lior  G-E 
electrical  appliances  and  apparatus 
and  radio  cabinet*  Write  now,  gmng 
your  qualification*,  to  Mr.  M.  B. 
Tracy,  Appliance  & Mirchanf* 
Department,  General  Electric  Co, 
Bridgeport,  Conn. 


ELECTRONIC  ENGINEES 
As  raiiank  at4  Mil  wlmr  vltt  aa  m 
kaarfsf  aiS  mm.  Mast  to  irtote!  E.L  «" 
slsetrosle  a* * aossihc*  owlsstoj JJ- 
sisal  esssrtsntty  Is  mm" 
auy.  CatoSsnsstlM  mss 4ot  0 urn*  ■» 
PsrnasMt  aositisn.  Omrlto  tosam,  awj— 
aatltadss  «n>  w Mm  Bin  laM.  Mb  ' 

anwm aHaL. agrS ant- 


for  CAMERAS 
and  PROJECTORS 

Highly  rated  firm  in  the  East 
facturing  established  lino  of  . 
photographic  equipment  ii 
tacuring  axacufiva  anginaars  or  dwpM 
now  commanding  good  “**n*1  , 
camera  goodi  or  kindrod  typo  " 
Comidaration  givan  to  eng** 
giving  complete  necessary  «ti« 
eluding  horns  phona  number,  m"* 
preiant  or  former  employer,  rte. 

P-WS.  Electronici  . , 
830  West  42nd  Street,  New  YorK  1 • . 


ENGINEER 


iiiuii  uuru.1 1 1 iww- 

We  need  a high  91*1*. 
who  is  thoroughly 
the  design  and 
radio  receivers  and  h®  . 
several  years  experience. 
edge  d power»  *5 
formers  also  highly  ^ 

Small  company  located  close 

New  York. 

p.  o.  to*  431 

or  r 


' 11  I ***/  I 

(Additional  Positions  Wanted  & Selling  Opportmity  Advertising  m Page  422) 
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9 SEARCHLIGHT  SECTION  ® 


WANTED 

SENIOR  DEVELOPMENT 
ENGINEER 

Leaf*  Mldwe«t  manulactur*r  has  taj 
,«*nlng*  to  dom»*«c  radio  and 
dor.lopm.nt  lor  two 
ff.-i/'T  Radio  Prolyl  EnqUiMiw  cmd  on. 
Mechanical  Engin**r.  Confidential  in- 
qairlM  re*P*ct*d- 

p_81S,  Electronic* 

530  North  Michigan  At*..  Chicago  11. 


III. 


WANTED 

Assistant  Chief  Engineer 

rsLsn-sut: 

Ston  houwhold  and  auto  rcdloi* 
c.tr.1  d.T.lopm.nt.  Ext.nair.  prrwar 
*™rf*n~  in  above  lino.  UnpraATO. 
T.l.rUion  receiver*  will  b.  In  our  lino. 
All  Inquiries  confidential. 

P-S14,  Electronic* 

520  North  Michigan  Ave..  Chicago  11.  !»• 


Experienced  Mechanical  Drafting  Design  Engineers, 
Desian  Draftsmen,  Junior  ani  Senior  Draftsmen 


Radio  Engineers 
Wanted 

for  design  and  development  of  home 
radio  receivers.  . . 

Can  use  men  with  exp.,  m design 
laboratories  on  communications,  at^ 
entertainmem  receiving  sets.  CALL 
OR  WRITE 

Mr.  Eraak  A.  Hiwor* 

Vie*  pr*s:  Chfle.  of  «egle*erta« 

Atr  King  Product* 

1523  03rd  SO.,  *kly.  U.  U.  T. 


Poranoot  Employ* o.t 

ELECTRONIC  DEVELOP- 
MENT ENGINEERS 

W.ll-*«tebli«hed  Eastern  Massachusetts 
concsrn  d.sir.s  graduate  electronic 
angina.rs  with  flair  for  r. search  and  ey* 
to  futur..  P.rman.nt  position  concerned 
at  prasant  with  important  development 
work  for  govarnmant  with  increased  op- 
portunities after  the  war.  Unusual  open- 
ings for  mon  with  capacity  and  initiative. 
Must  ba  U.  S.  Citiaans. 

F-S70,  Electronic* 

130  West  43nd  BL,  New  York  10.  N.  Y. 


WANTED 

RESEARCH  ENGINEERS 

Prominent  Radio  Receiver  Man- 
ufacturer located  in  Midwest 
has  immediate  openings  for 
two  research  men  with  prewar 
development  experience  in  the 
radio  receiver  or  television 
field.  Confidential  inquiries  re- 
spected- 

P-915,  Electronics 

ISO  North  Michigan  Ave.,  Chicago  11,  111. 


The  Collins  Radio  Company  has  al- 
ways been  a pioneering  organization— 
an  engineer’s  engineering  and  man- 
ufacturing outfit. 

It  was  the  pioneering  urge  that  led 
us  to  introduce  professional  standards 
of  design  and  performance  in  trans- 
mitters and  receivers  for  radio  hams 
in  the  early  thirties  . . . 

Toplan  and  buildspecial  radio  equip- 
ment that  stood  up  to  the  rough-and- 
tumble  of  Admiral  Richard  E.  Byrd’s 
second  expedition  to  Little  America . . . 

To  take  high  quality  broadcast 
equipment  out  of  the  laboratory  and 
make  it  economically  practicable  for 
any  broadcasting  station  . . . 

To  meet  the  individual  requirements 
of  some  of  the  great  airlines  with  spe- 
cially engineered  communication 
equipment,  including  the  ingenious 
Collins  Autotune. 


junior  and  senior  draftsmen  with  at 
least  three  to  five  years  of  practical 
mechanical,  drafting,  design,  drafts- 
men with  at  least  five  years  of  experi- 
ence in  design  drafting,  and  mechan- 
ical drafting  design  engineers  with 
eight  to  ten  years  of  mechanical  de- 
sign experience.  Our  work  involves 
the  production  of  small,  intricate  me- 
chanical and  electrical  mechanisms. 

This  is  a splendid  opening  for  men 
and  women  who  are  able  to  make  neat, 
accurate  parts  drawings  with  complete 
specifications,  assembly  drawings  and 
layouts,  who  will  assume  responsibil- 
ity, and  who  have  knowledge  of  gen- 
eral standard  shop  and  field  practices. 
Cedar  Rapids  is  a human,  wholesome 
city  of  about  65,000.  People  enjoy 
living  here.  And  people  enjoy  working, 
without  being  distracted  by  weather 
variations,  in  the  modem  controlled- 
conditions  Collins  plant. 


To  be  prepared  on  December  7, 1941, 
to  go  into  production  of  airborne  and 
ground  based  radio  gear  of  highly  ad- 
vanced design  for  the  Armed  Forces— 
the  result  of  research  and  develop- 
ment looking  years  ahead. 


If  you  feel  that  you- could  fit  hap- 
pily  and  capably  into  this  organization 
write  us  fully.  Tell  us  about  your  edu- 
cation, experience,  age,  desired  com- 
pensation and  draft  status.  W.MC 

regulations,  of  course,  must  apply. 


We  are  looking  far  ahead  today  in 
the  field  of  high  quality  radio  com- 
munication equipment.  Our  post-war 
plans,  well  advanced,  offer  a very  sub- 
stantial opportunity  for  additional 


Address  E.  H.  Reinschmidt, 
Superintendent  of  Design, 
Collins  Radio  Company,  * 
Cedar  Rapid,,  |0Wa 
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Efficient  Manufacturing  Facilities 
Available 

for  subcontracting 

★ Sub-assembly  and  Complete  Assembly  Operations 
At  Automatic  - Screw  Machines 

★ Drilling,  Tapping  and  Centerless  Grinding 

★ Electro-Plating 


Facilities  of  throw  “E"  Award  manufacturing  plants  - conveniently  located  to  insure 
"on  schedule1*  production  at  the  lowest  costs  - expert  engineering  service  accustomed 
to  precision  manufacturing. 

(fat  p&Uf  fcc/frlC4CH&UivC  C*iU  coil  t*  ^DcbUt* 


POSITIONS  WANTED 

(Continued  from  pf»  HE 

TRANSFORMER  enginkjsk:  h» 
design,  production  radio-Huai 
and  specialty  transformers.  Exu 
nuiM  production  equipment  rM 
ica,  sari  W,  42nd  St..  New  Yortll,] 
ELECTRONIC  ENG.  IS  yttn  * 
Europe,  3 years  In  U.  S.  fORMS 
cathode  ray  tubes  etc.  Eihanw.j 
glass  working  problems  wantage 
assistant  to  chief  eng.  or  t*MJ 
PW-961.  Electronics,  !30  w.  tie 
York  18.  N.  Y.  

SELLING  PPM HTUHITt  S 

ELECTRONIC  ENGINEER:  H J-Sj 
ence  as  executive  research  aOt  m 
Maintenance  engineer  of  airbornt  jB 
equipment.  Desire  sales  repitefl 
installation  and  maintenance  enftt 
tion.  Prefer  Central  or  South  Am« 
.Spanish  fluently.  SA-362.  Electro* 
42n«l  St..  New  York  18.  X.  Y. 

Establiihtd  clKtroricrq 
Mutative  tain  agtacy 

OPENING  FOR  A FIELI 

For  Connsotkut.  Westm  MsmctsMOi 
mont.  Knowledge  of  tad  surtees  «f 
electronic  parts  helpfsl.  A pmttiM  vte 
under  contract  for  the  taalHM  >u 

RW-948.  (Af«C7lKkrtrt*kl  J 

330  West  42nd  8t.  Nar  York  11,  Ej 


PHONE  682 

HUNTINGDON,  PENNSYLVANIA 


I B 


£L  Agencies.  Inc.  b-e  represented 
leading  m.nufacuirers  of  radio  and 
electrical  equipment,  parts  and  acces 
jones,  in  world-w.de  markets  since  1935 
Extensive  facilities  relieve  you  of  all 

export  headaches  - correspondence. 

»p— » 

2 invited.  Write  for  information  on 
Profits  Through  Exports. 

list  ft*"®"  


™ ■*.  Instruments 


BRIDGES  (Wheoinone) 

iltmeters  m£00hmmeters 

.meters  oheostats 

Jeters  ',atRranseormers 
^meters  relays 


WtfCTRO'TfCfif^^i  C 

I via  fANAl  SI  - N-  Y‘  13'W  Y~  — — - 


XATIOSAI.  DISTRIBUTION  I 
AVAILABLE 

For  Manufacturers  who  make  products  | 
suitable  tor  sale  lo  radio  and  electronic  | 
Jobbers.  We  have  a complete  sales  staff  I 
for  national  and  export  distribution.  Reply  f 
with  samples  or  description  of  products.  | 
K A -870,  Electronics 

330  West  42nd  St..  New  York  18.  N.  Y.  j 


SALES  UEIMIKSEATATIOV 
EAST  TOAST 

A croup  of  experienced  engineering  consultants  l 
desire  to  represent  manufacturers  of  Radio  & Elec-  = 
tronlc  products.  Please  reply  with  description  of  | 

products.  . 

K.\-9ul,  Electronics 

330  West  42nd  Street.  New  York  13.  N.  Y.  | 

Vest  quality  used 

electron  tube  machinery 

Equipment  for  the  nmnufxcture  of  all  kinds  of 
elfctron  tubes,  radio  tubes,  lncsndescent  lamps, 
neon  tubes,  photo  electric  cells.  X-ray  tubes,  etc. 

AMERICAN  ELECTRICAL  SALES  CO..  INC. 

65-67  East  8th  St.  New  York,  N.  Y. 


WANTED 

Your  Business 

"ANYTHING  containing  IRON  or  STEEL" 

more  for  your  dollar 

IRON  & STEEL  PRODUCTS, INC. 

40  years’  experience 
13422-A  S.  Brainard  Ave.,  Chicago  33,  111. 


REPRESENTATION  IN  TURKEY 

A well  known  furkish  radio  com- 
pany desires  to  represent  Ameri- 
can manufacturers  of  transmitters, 
receivers,  sound  systems,  record- 
ers, test  and  measuring  equipment, 
dynamotors,  converters  and  other 
electronic  products.  Write  de- 
tails to: 

Mors  Telsiz  Atelyesi 

Sisli  P.  K.  66 

Istanbul  Turkey 


! TECHNICAL  SALES  EM* 

§ Experienced  In  electron  ici,  or  pnMMf  4 
phytic*.  Permanent  position  u4  mi  aflj 
: for  man  who  haa  tochnleal  pdlfltigt  aj 

| to  ottabliih  firm  lastim  ’ — nri*af  1 
| Salary  open.  In  reply! o|  tte  fall  MW 
1 experience.  | 

i SW-8S0,  Klectasake  J 

520  North  Wridpn  Are..  QdHMU 


SALES  ItEPRESEVmiOA 
WE§T  C O.AST 

If  you  are  a manufacturer  of  dectrlml  tt  0*V*m 
equipment  for  industrial  applicatioos.  Mar  id 
of  experienced  engineerini  romultuti  mnuP  : 
your  product*  on  the  west  coast.  Aldrta 

KA-934,  Electronic* 

68  Poet  St,  San  Franciaco  4.  Call!.  j 


RADIO  and  TELEVISION 

leading  Danish  manufacturer  of  rtdic  no  cal 
part-  wants  connection  with  wgm 

turers  In  the  Radio,  F.M.,  TeJnlskB  cad  Iktft- 
<-al  Music  tmlustry.  sho  would  be  laiMttf  a 
cf  Operating  to  exploit  promt  potenlclila  4 9* 
iiiark  market. 

A/S  Rosmus  Budholt 

Howifxvej  U-j^penhoqee  F. 


MERKURIANA 

is  our  cable  addreu.  Whcltnlt  [mini  a I irr 
Industry  consumer!  are  our  elienu.  W#  in  u 
Manufacturer!’  Agent  on  year  NwV  at Os.  i 
small  commission.  Open  to  offeti  <m  all  Etam 

product!. 

T E K N O . M E R K U R 

Induttrial  dgtuclti 

Postbox  617  Stockkelo  I.  Sn*i 


FOR  SALE 

( Controlling  Stock  Interest 

5 in  wall  known  tremformer  maialsc^n 
! Excellent  opportunity  to  entw  thb  octf* 
\ businass 

BO-376,  Electronic! 

: 330  West  42nd  St.  New  York  II.  X.  T 


PAPER  CONDENSER  PUNT 

Machinery,  equipment  and  nutctuli  le: 
manufacturing  paper  condenser!.  Thai*  P 
opportunity  for  an  experienced  (oodetuti 
man  to  start  in  businew  with  limited  apcjf 
BO-964,  Electronic* 

520  North  Michigan  Are..  Chicago  U,  W-  ! 


NAVAL  OFFICER 

: Released  from  active  doty  doilras  te  purrftsw  n- 

| tereit  In  currently  operatlnf  ar 
: and/or  FM  Radio  Station.  Will  slw 

i Mfg.  or  Distribution  of  Electronic’ Eavlpwwt. 

BO-952,  Electroalca 

I 330  West  42nd  Street.  New  York  1»  N Y 
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hdllicrafters  radio 

THE  HAUICRAFTERS  CO..  AGENT  FOR  RFC  UNDER  CONTRACT  SI A-3-24 
MANUFACTURERS  OF  RADIO  AND  ELECTRONIC  EQUIPMENT 


j4o4Ula6te 


THESE  VALUABLE  ITEMS 
or  very  soon.  Write,  wire  or  phone  for  further  in- 
formation • head  phones  • test  equipment  e com- 
ponent parts  • marine  transmitters  and  receivers  • 
code  practice  equipment  • sound  detecting  equip- 
ment e vehicular  operation  police  and  command  sets 
• radio  beacons  and  airborne  landing  equipment. 


RFC  DEPARTMENT  417  HAILICRaptcdc 
«**-«•■ 

□ Send  further  details  on  k '* 

above  fn*rchondise  descri 

□ Send  li. linBs  of  other  available  if«t 
Especially  interested  in 

STATE  

NAME  __ 

CITY  — __ 

address  — — Wne 
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Google 


match  th®* 


^ovjrWOSIinthe 

^’’"'victory  LOW ! 


Top  off  your  good  work  on  your  Payroll  Savings  Plan 
wUh  an  outstanding  showing  in  tha  Victory  loan— our 
last  all-out  effort  I 


(ought — and  give  our  wounded  heroes U»  bastol 
cal  cue — by  backing  the  Victory  loanl  You  know  1«« 
qootal  You  also  know  by  past  war-loan  espertoaoetM 
your  personal  etfert  and  plant  solicitation  are  rsgow* 
to  make  your  quota. 


Help  bring  our  boys  back  to  the  homes  (or  which  they  to  make  your  quota. 

Sell  the  New  F.D.  Roosevelt  Memorial  $2 00  Bond  through  your 

PAYROLL  SAVINGS  PLANl 


In  rallies,  interdepartmental  contests, 
and  promote  the  new  franklin  Delano 

Boosevelt  Memorial  $200  Bondi  Better  than  "cash 
in  hand,"  Victory  Bonds  enable  the  buyers  to  build  for 
the  future — assure  a needed  nest  egg  for  old  age. 

Keep  on  giving  YOUR  MOST  to  the  Victory  Loan! 
JU1  Bond  payroll  deductions  during  November  and  De- 


cember will  be  credited  to  your  quota. 

Bond  is  a "Thank  You"  to  our  battle-weary  nmn  cvmsa* 

-also  a definite  aid  in  making  their  dreams 

come  true  I Get  behind  the  Victory  loan  to  pmnot. 

peacetime  prosperity  for  our  returning 

your  nation,  your  employees 

and  your  own  industry!  Ms 


The  Treasury  Department  acknowledges  with  appreciation  the  publication  of  this  message  by 


ELECTRONICS 


This  ts  mn  offutai  u.  J.  i reasury  c 


l War  Advertising  Co 
Docnntbnr  1945 
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Showing  our  complete 
manufacturing  facilities 
from  raw  materials  to 
finished  product!  ^ 


t T 


Goat  Metal  Stamping,  Inc-...  ■ 
Goodrich  Chemical  Co.,  B.  F.. 


Production  techniques  in 
the  Radio  industry  have  reached 
high  degrees  of  perfection  dur- 
ing the  war  . . . and  the  same 
qualities  that  made  Victory 
possible,  are  now  being  trans- 
lated into  peacetime  radios 
that  will  stand  head  and  shoul- 
ders above  yesterdays  product,. 
Here  at  ESSEX,  all  the  facilities 
are  available  to  make  precision 
components  for  these  new,  more 
perfect  instruments.  Yes  . . . 
ESSEX  is  ready  to  serve  your 
most  exacting  requirements. 

Precision  manufacturers  of  all  types  of  IF 
and  RF  coils,  chokes,  and  transformers. 


ESSEX 
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1060  Broad  St..  Newark,  N.  J. 
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has  RECEIVERS! 

11©  KC  TO  210  MC! 

foa  immediate  delivery 

L*_r*‘*  bows  wo'vo  ail 

WlTmS  fSI‘  HarrilOB  ca"  »Mp 
yo«  WITHIN  24  HOURS  a broad 

■•w,  latest  improved  modal  Com. 
naaleatloHS  Recalvar. 

10  KC  TO  18  MC 

HALLICRAFTERS  S-22R 

Complete  *74.50 

50  KC  TO  42  MC 

HALLICRAFTERS  SX-28A 

*223 


27.8  TO  143  MC 

HALLICRAFTER  S-36A 

*415 


0 TO  ^^lICRAFTERS  S-37 

$501.75 

ueUUARLUNO  SUHR  PRO 

>*Y-  L »erii’b"e  IP  »electlvlty.  wide  rang. 
Stf  *or  24  hour,  . dot 

jerdeel  <40  gc  to  20  MC 

IM»  KC  to  40  MC 

b£  model,  complete  with  power  .upplj 

end  tpeeker  

"»  lik*d 

]&  '"cPompl.t.  »P**k,r  $1M 

ESS-  -ft  sS^SSvSg 

“uo!!* 

mSuMinO  b.»  -- 

R tCOW  «H*«WSfl,yI  .0"  or  12"  reo 

W;b,’*spl«5ll  drop  type 

«JsM  H-20  CRYSTAL  *<**'  ^ 

Pq^  trentcri ptloni  up  to  \T/t  ° * $2700 

MUaliJ.r  dtierlbl„,  ttae*  *•«>""  " 

(pr)M.  .able*  BUYERS 

H-v.  »VlDR»  "r'» 
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The  many  different  networks  (illustrated)  and  the 
wide  selection  of  characteristics  variations  comprising 
the  standard  lines  of  DAVEN  attenuators,  are  features 
of  great  convenience  to  the  engineer— in  Radio 
Broadcasting,  in  Sound  Recording,  Sound  Projection, 
in  Television  and  in  the  laboratory  Equipment  field, 
likewise,  advanced  designing  as  embodied  in  recent 
DAVEN  announcements,  plus  a long  standing  reputa- 
tion for  moking  a good  product,  are  facts  that  merit 
consideration  in  your  present  and  post-war  plans. 
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